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1 

I NT R O DUCT I ON 

S i ng l e t r a i t  f l e e c e we i g h t  s e l e c t i o n f l o c k s , s u c h  a s  t h e  

Ma s s e y  U n i ve r s i t y P T  ( P r oge n y  T e s t e d ) f l o c k , pr o v i d e  

e xc e l l e nt e xpe r i me n t a l  ma t e r i a l  f o r t h e  s t ud y  o f  t h e  

b i o l og i ca l ba s i s  f o r  g e n e t i c d i f f e r e nc e s  i n  wo o l  p r o d u c t i o n . 

S i m i l a r  Aus t r a l i a n  M e r i n o  f l o c k s  h a v e  f o r me d  t h e  b a s i s  f o r  

s t ud i e s  o n  s uc h  d i ve r s e  t r a i t s a s : d i ge s t i ve a b i l i t y; 

i n t a k e ;  b od y  we i gh t  ga i n; wo o l  gr o w t h  e f f i c i e n c y; c h e m i ca l  

c o mp o s i t i o n o f  wo o l; wo o l  f o l l i c l e  a na t omy; a m i n o  a c i d  

me t a b o l i s m a nd a r a nge o f  o t h e r  s ub j e c t s . E q u i va l e n t  

s t ud i e s  h a v e  n o t  b e e n  a s  f u l l y i n i t i a t e d  i n  c oa r s e  wo o l  

b r e e d s  s u c h  a s  t h e  N e w  Z e a l a n d  R o mn e y . 

M e r i n o  s t ud i e s  h a ve c o nc l u d e d  t ha t  d i f f e r e nc e s  i n  wo o l  

p r o d u c t i on ,  b o t h  w i t h i n  a nd b e t we e n  f l o c k s ,  a r e  ma i n l y  d u e  

t o  d i f f e r e nc e s  i n  t he e f f i c i e nc y  o f  c o nve r s i o n o f  f e ed t o  

w o o l . T h i s  t op i c  i s  o f  c o n s i d e r a b l e  i mp o r t a n c e  b e ca u s e  

u n l e s s  ga i ns i n  wo o l  p r o d uc t i o n p e r h e a d  a r e  d u e , a t  l e a s t  

i n  pa r t ,  t o  d i f f e r e nc e s  i n  e f f i c i e n c y  t h e n  e c o n o m i c b e n e f i t s 

f r o m f l e e c e we igh t s e l e c t i o n ma y b e  l i m i t e d . 

S he ep wh i c h a r e  ge n e t i ca l l y s upe r i o r wo o l  p r od u c e r s  a r e  a l s o  

s upe r i o r i n  t h e i r  a b i l i t y t o  u t i l i ze s upp l e me n t a r y  a m i n o  

a c i d s  f o r wo o l  gr o wt h . T h i s  i s  pa r t i c u l a r l y  t r u e  f o r t h e  

s u lph u r  c o n t a i n i ng a m i n o  a c i d s  c ys t ( e ) i ne a nd me t h i o n i n e . 

L owe r wo o l  s u l p h u r  c o n t e n t , i n  f l e e c e  we i gh t  s e l e c t e d  s he ep ,  

i s  ma i n t a i ne d  u nd e r  pe r i o d s  o f  a d v e r s e  n u t r i t i o n . S e l e c t e d  

M e r i n o s  a pp e a r  t o  h a v e  i n c r e a s e d  p h ys i o l og i ca l  ve r s a t i l i t y 

w i t h  r e spe c t  t o  wo o l  gr o wt h . T h e  a b i l i t y t o  u t i l i ze 

n u t r i e n t s  e f f e ct i ve l y ,  w h e n  pr e s e nt , a nd t o  s u s t a i n  

pr od u c t i o n i n  t h e  p r e s e n c e  o f  l i m i t e d  e s s e n t i a l  s u bs t r a t e s , 

wo u l d  app e a r  t o  b e  c l o s e  t o  t h e  b i o l og i c a l  i d e a l i n  f l e e c e  

we i g h t  s e l e c t i o n pr ogr a mme s . T h e  e xa m i na t i o n o f  b i o l og i ca l  

d i f f e r e n c e s ,  b r o ug h t  a b o u t  a s  c o r r e l a t e d  r e sp o n s e s , c o u l d  

a l s o  l e a d  t o  t h e  d i s c o ve r y  o f  a d d i t i o na l t r a i t s wh i c h ma y b e  



i nc o r po r a t e d  i n t o  t h e  s e l e c t i o n c r i t e r i a  o f  pr i me b r e e d i ng 

s t oc k . 

U n l i k e  t h e  M e r i n o ,  t h e  N e w  Ze a l a nd R omne y  i s  a h i g h l y  

s e a s o na l  a n i ma l  w i t h  ma ny a s pe c t s  o f  i t s b i o l ogy b e i ng 

i n f l ue nc e d  b y  p h o t ope r i od .  T h e  e x t e n t  t o  wh i c h s e l e c t i o n 

f o r f l e e c e  we i g h t h a s r e mo v e d  o r  a l t e r e d t h i s  s e a s o n a l 

d ep e n d e nc e  i s  a n  i mp o r ta n t  c o nc e r n  f o r a n i ma l  b r e e d e r s . 

S e a s o na l  r e sp o n s e s  a r e  r e l a t e d  t o  a n  a n i ma l ' s  a b i l i ty t o  

r ep r o d u c e  a s  a h ogge t ,  t o  l amb a s  a n  a d u l t  o u t  o f  s e a s o n ,  

a nd t o  p r o d u c e  w o o l  o f  r e l a t i ve u n i f o r m i t y  t h r o ug h o u t  t h e  

y e a r . 

S t ud y i ng t h e s e  p r o d u c t i ve d i f f e r e n c e s  i n  s e l e c t e d  l i n e s  

s h o u l d  i nv o l ve i n t e n s i ve i nd o o r  t r i a l s  i n  a dd i t i o n t o  f i e l d 

e va l ua t i o n s  u nd e r  c o n d i t i o n s  wh i c h  r e s e mb l e  t h e  e nv i r o n me n t  

u nd e r  wh i c h  t he s e  l i n e s  we r e  s e l e c t e d . 

T h e  p u rp o s e  o f  t h i s  p r o j e c t  wa s t o  e xa m i n e  a va r i e t y o f  

t r a i t s wh i c h a r e  c e n t r a l t o  t h e  b i o l og i ca l  ba s i s  o f  ge n e t i c  

d i f f e r e n c e s  i n  w o o l  p r o d uc t i o n o f  f l e e c e  we i g h t  s e l e c t e d  

( FW )  a nd c o n t r o l  ( C )  N e w  Ze a l a nd R omne y  l i ne s  i n  t he Ma s s e y  

U n i ve r s i ty P T  R o m ne y  f l o c k . 

T h e  pr o j e c t  i nv o l v e d  a n umb e r o f  s e pa r a t e  a nd c o nc u r r e n t 

t r i a l s  d e s i gn e d  t o  e va l ua t e  s e l e c t i o n l i n e  d i f f e r e nc e s  i n : 

d i ge s t i ve a b i l i t y u nd e r  c o n t r o l l e d f e e d i ng ;  wo o l  g r o wt h  

r e sp o n s e  t o  s upp l e me n t a l  d i e t a r y  pr o t e i n; s e a s o na l i ty o f  

wo o l  gr o w t h  u nd e r  n a t u r a l  gr a z i ng ;  b o d y  we i gh t  c h a nge s f r om 

we a n i ng t o  h ogge t s h e a r i ng; i nt a k e  a n d  e f f i c i e nc y  o n  

pa s t u r e ;  r e pr od u c t i ve t r a i t s  a s  h o gge t s  a nd t h e i r  

r e l a t i o n s h i p t o  s u b s e qu e n t  l a mb i ng pe r f o r ma n c e ;  a n d , t h e  

r e l a t i o n s h i p  b e t we e n  s e a s o na l  wo o l  gr o wt h  a nd s t ap l e  

s t r e ng t h  o f  h ogge t w o o l . 
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REVI E W  O F  L I TERATURE 

T h e  e xa m i n a t i o n o f  f l o c k s  s e l e c t e d f o r va r i o us me a s u r e s  o f  

w o o l  p r o d u c t i o n i n c l ud i ng c l e a n  f l e e c e  we i g h t  ( T u r ne r  e t  

a l . ,  1 9 6 8; D u n  a nd Ea s t o e , 1 9 7 0; T ur n e r  e t  a l . ,  1 9 7 0; P a t t i e  

a nd Ba r l o w ,  1 9 7 4; Mc G u i r k  a nd At k i ns , 1 9 7 6 ;  H e yd e n r yc h  e t  

a l . ,  1 9 7 7; T u r n e r  a nd J a c k s o n ,  1 9 7 8 ) ,  g r e a s y  f l e e c e we i gh t  

( B l a i r  e t  a l . ,  1 9 8 5 ) ,  a nd c r i mp f r e q u e nc y  ( R o ba r d s  a nd 

P a t t i e ,  1 9 6 7 ) h a v e  d e mo ns t r a t e d a v a r i e t y  o f  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 .  E x c e l l e n t  r e v i e ws o f  t h e  g e n e t i c 

a nd p h ys i o l o g i ca l  c h a n g e s i n  t h e s e  va r i o u s  f l o c k s  h a v e  b e e n  

p u b l i s h e d  ( W i l l i a ms , 1 9 7 6 ; 1 9 7 9 ; 1 9 8 7; M c G u i r k , 1 9 7 9 ; 1 9 8 3; 

B u t l e r  a nd Maxwe l l ,  1 9 8 4 ) .  

2 . 1  L i ve we i g h t  a nd i n t a k e  

I n  t h e  a bs e nc e  o f  l a r g e  ( B l a i r  e t  a l . ,  1 9 8 5 ) o r  c o n s i s t e n t  

( W i l l i a ms ,  1 9 7 9 ; 1 9 8 7 ) d i f f e r e nc e s  i n  ma t u r e  s i z e  o f  f l e e c e  

we i gh t  s e l e c t e d  ( F + )  s h e e p , i t  may b e  c o n c l u d e d  t ha t  f l e e c e  

we i gh t  a nd l i ve we i g h t  we r e  r e l a t i ve l y  i nd e pe ndent i n  m o s t  

s t ud i e s  w i t h  F +  l i n e s . Wh i l e i nc r e a s e d  l i ve we i gh t  c o u l d b e  

a c omp o n e n t  o f  i n c r e a s e d  f l e e c e  we i gh t ,  d ue t o  i nc r e a s e d  

s ur f a c e  a r ea a nd i nc r e a s e d  f e e d  c a pa c i t y ,  i n  mo s t  s t ud i e s  

t h e  i nc r e a s e d  i n t a k e  o f  l a r g e r  s h e e p  wa s o n l y  i n  k e e p i ng 

w i t h  i nc r ea s e d  ma i nt a i na nc e  r e qu i r e me n t s  and d i d  n o t  

r e p r e s e n t a l a r ge p r o d uc t i ve a d va n ta g e  ( W i l l i a ms , 1 9 7 9 ) .  

D i r e c t  c ompa r i s o ns o f  v o l u n t a r y  f e e d  i nt a k e  o f  F +  v e r s u s  C 

l i n e s  h a ve b e e n  c o n d u c t e d  b o t h  i n  a nd o u t  o f  d o o r s . T h e  

c o nc l u s i o n ha s g e n e r a l l y b e e n  t ha t  d i f f e r e nc e s  i n  i n t a k e  

( wh e n  a d j us t e d  f o r  l i ve we i g h t ) d o  n o t  r e p r e s e n t  s i g n i f i ca n t  

c o n t r i bu t i o ns t o  d i f f e r e n c e s  i n  wo o l  p r o d u c t i o n ( Ah me d  e t  

a l . ,  1 9 6 3; W i l l i a ms a nd M i l l e r , 1 9 6 5 ;  D o l l i n g a nd P i p e r ,  

1 9 6 8; H a m i l t o n a n d  L a n g l a nd s , 1 9 6 9 ; R o ba r d s  e t  a l . ,  1 9 7 4 ) .  

S i m i l a r  wo r k  c o mpa r i ng b r e e d s  a nd s t r a i ns ( Da l y a nd Ca r t e r , 

1 9 5 5; We s t o n ,  1 9 5 9 ) a l s o  c o nc l ud e d  t h a t  v o l un t a r y  i nt a k e  wa s 

n o t  a r e l i a b l e  p r e d i c t o r  o f  w o o l  pr o d u c t i o n i n  t h e  p r e s e nce 
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o f  s u b s t a n t i a l l y l a rge r va r i a t i o n i n  w o o l  gr o wt h  e f f i c i e n c y . 

A l t h o ug h  S c h i n k e l  ( 1 9 6 0 ) s h o w e d  s i gn i f i ca n t  c o n t r i bu t i o n s  o f  

v o l u n t a r y  i n t a k e  t o  b e t we e n  s h e e p d i f f e r e nc e s  i n  wo o l  

p r o d u c t i o n ,  s u b s e q u e n t  s t ud i e s  ( H u t c h i n s o n ,  1 9 6 1 ;  W i l l i ams , 

1 9 6 6 ;  W o dz i c k a - T o ma sze ws k a ,  1 9 6 6 ;  a nd 1 9 6 8 ;  ) 
S a v i l l e  a nd R o b a r d s , 1 9 7 2 ) h a v e  c o n t e s t e d  t he s t r e ng t h  o f  

t h i s  r e l a t i o n s h i p . 

2 . 2  W o o l  gr o w t h  e f f i c i e ncy 

S e l e c t i o n f o r  f l e e c e  we i g h t  a p p e a r s  to h a ve r e s u l t e d  i n  

i mp r o v e d  f l e e c e we i gh t  a nd a c o r r e l a t e d  r e s p ome i n  

e f f i c i e n c y . R e l a t i ve l e ve l s  o f  w o o l  p r od uc t i o n  p e r u n i t  o f  

f e e d  i n t a k e h a v e  b e e n  s u mma r i z e d  b y  B u t l e r  a nd Ma xwe l l  

( 1 9 8 4 ) a nd r a nge f r o m  a 9 %  a d va n tage ( Ah me d  e t  a l . ,  1 9 6 3 ) ,  

t o  a 7 1 % a d va nt ag e  ( Ha m i l t o n  a nd L a ng l a nd s , 1 9 6 9 ) o v e r a 

r a ng e  o f  f e e d i ng l e ve l s . M o s t  e s t i ma t e s  a r e  b e t we e n  9 %  a nd 

3 8% ( D o l l i ng a nd M o or e ,  1 9 6 0 ;  W i l l i a ms a nd W i n s t o n ,  1 9 6 5 ;  

W i l l i a ms , 1 9 6 6 ;  

L a ng l a nd s , 1 9 6 9 ) .  

a nd , 1 9 6 8 ;  H a m i l t o n  a nd 

S t ud i e s  c ompa r i ng b e t we e n  b r e e d  o r  b e t we e n  s t r a i n  

d i f f e r e nc e s  i n  wo o l  gr o w t h  e f f i c i e n c y  h a v e  r e p o r te d  s i m i l a r  

v a r i a t i o n w i t h  va l ue s  r a ng i ng b e t we e n  0 %  a nd 5 4 %  r e l a t i v e  

a d va n tag e  o f  o ne b r e ed / s t r a i n  o ve r a n o t h e r  ( Da l y a nd Ca r t e r , 

1 9 5 5 ;  We s t o n , 1 9 5 9 ; D u n l o p e t  a l . ,  1 9 6 0 ;  D un l o p e t  a l . ,  

1 9 6 6 ;  L a ng l a nd s  a nd H a m i l t o n ,  1 9 6 9 ;  S a v i l l e a n d  R o ba r d s , 

1 9 7 2 ;  S u mn e r , 1 9 7 9 ) . 

C o r r e l a t e d  r e s p o ns e s  i n  wo o l  gr o wt h  e f f i c i e ncy h a v e  n o t  b e e n  

f o un d  i n  C r i mps m i n u s  s e l e c t i o n f l o c k s  ( R o ba r d s  e t  a l . ,  

1 9 7 4 ) ,  i n  s k i n  f o l d  p l u s  f l o c k s  ( R o b a r d s  e t  a l . ,  1 9 7 6 ) o r  i n  

f e r t i l i t y p l u s o r  b o d y  we ight p l u s f l o c k s  ( P a t t i e  a nd 

W i l l i a ms ,  1 9 6 7 ;  At k i n s  a nd R o ba r d s , 1 9 7 6 ) . H i gh b o d y  we i g h t  

s e l e c t i o n  f l o c k s  d i d p r o d uc e  mo r e  wo o l ,  b u t  wi t h o u t  

a c c o mp a ny i ng c h a ng e s i n  e f f i c i e nc y . 
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Ma n y  o f  t h e  r e p o r t e d  s t ud i e s  h a ve f o u nd t ha t  t h e  r e l a t i ve 

a d v a n t a g e  o f  va r i o u s  g r o u p s  i s  d e pe n d e n t  o n  t h e  l e v e l o f  

n u t r i e n t i n t a k e . T h e  mo s t  d r a ma t i c  e xa mp l e  i s  t h a t  o f  

H a m i l t o n  a n d  L a n g l a n d s  ( 1 9 6 9 ) i n  wh i c h  F +  a nd F - r a ms g r a z e d  

t h r e e  pas t ur e s  d i f f e r i ng i n  h e r ba g e  a va i l a b i l i t y . T h e  

r e l a t i ve a d va n ta g e  o f  F +  o v e r F - r a ms i n c r e a s ed f r om 1 3 8 % t o  

2 4 2 % a s  h e r ba g e  q ua l i t y a n d  a va i l a b i l i t y i n c r e a s e d . S i m i l a r  

r e s u l t s have b e e n  r e p o r t ed i n  o t h e r  s e l e c t i o n l i n e  a nd 

b r e e d / s t r a i n  c ompa r i s o n s  ( We s t o n ,  1 9 5 9 ;  S c h i n c k e l ,  1 9 6 0; 

W i l l i a ms a nd W i n s t o n ,  1 9 6 5 ; W i l l i a ms , 1 9 6 6 ; McMa n us e t  a l . ,  

1 9 6 6 ; P i p e r a nd D o l l i n g ,  1 9 6 9 ; S a v i l l e a nd R o ba r d s , 1 9 7 2 ) . 

T h e  e f f i c i e nc y  o f  c o nve r s i o n o f  f e ed i nt o  wo o l  a p p e a r s  t o  b e  

a ma j o r fa c t o r  c o n t r i bu t i ng t o  va r i a t i o n  i n  wo o l  p r o d uc t i o n 

w h e n c ompa r i s o n s  a r e  ma d e  b e t we e n  g e n o t yp e s . M u c h  o f  t h e  

w i t h i n  f l oc k  va r i a t i o n a p pe a r s  t o  b e  u nd e r  s i m i l a r  c o n t r o l . 

Wha t r e ma i ns t o  b e  d e t e r m i n e d  i s  t h e  p h ys i o l o g i ca l  r o u t e s  

t h r o u g h  wh i c h  e f f i c i e nc y  h a s  b e e n  i nc r e a s e d . T h e s e  pa t hs 

may i nv o l ve t h e  q ua l i ty o f  f o r a g e  c o n s ume d u nd e r  f r e e  c h o i c e  

g r a z i n g; t h e  a b i l i t y o f  t h e  d i g e s t i ve t r a c t  t o  a b s o r b  a 

l a r g e r  qua n t i t y o f  n u t r i e n t s  f r om i ng e s t e d  f o r a g e ;  o r  

d i f f e r e nc e s  ma y b e  d u e , p r i ma r i l y ,  t o  c ha n g e s  i n  t h e  p o s t­

a bs o r pt i ve u t i l i za t i o n o f  n u t r i e nt s . 

2 . 2 . 1  D i e t  s e l e c t i o n  

E v i d e n c e  o n  t he s e l e c t i v i t y o f  i nt a k e  by l i n e s , b r e e d s  o r  

s t ra i n s a p pe a r s  t o  b e  a mb i g u o us . Us i ng t h e  n i t r o g e n a nd 

c r u d e - f i b r e  c o n t e n t  o f  f a e c e s  a s  a g u i d e , We s t o n  ( 1 9 5 9 )  

c o nc l ud e d  t ha t  s t r o n g - wo o l  M e r i n o s  s e l e c t e d  f e e d  o f  s l i g h t l y  

h i g h e r  q ua l i ty t h a n  f i n e - w o o l  M e r i n o s . M o o r e  a n d  D o l l i n g 

( 1 9 6 1 ) f o u nd a 1 0 %  c o e f f i c i e n t  o f  va r i a t i o n ,  i n  n u t r i t i ve 

va l u e o f  f e e d c o ns ume d , t ha t  wa s r e l a t e d  t o  f e e d  s e l e c t i o n 

b y  t h e  s he e p . Ahme d e t  a l . ( 1 9 6 3 ) we r e  u n a b l e  t o  

d e mo n s t r a t e , i n  a p e n f e e d i ng t r i a l ,  a n y  pr e f e r e nc e  o f  F +  

f o r  d i e t s w i t h  h i g h e r  p r o t e i n  c o n t e n t . Va r i a b i l i t y i n  d i e t 

s e l e c t i o n d o e s  n o t  a pp e a r  t o  b e  a ma j o r f a c t o r  i n f l ue n c i ng 



the variation in efficiency of wool production between 
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The increased efficiency of feed conversion in F+ animals 

may also be related to differences in the ability to digest 

or absorb dietary nutrients. Hutchinson (1961) found 

considerable individual differences in apparent digestive 

ability but was unable to significantly relate these to 

measures of efficiency. Weston (1959) found small but 

significant increases in the ability to digest nitrogen in 

strong wool Merinos (2%). In a study by Brookes 

(1983,unpublished), subsequently reported by McClelland et 

al., (1986), c rams had higher apparent abilities to digest 

dry matter (62.9±.6% vs. 60.1±.9%) than FW rams. Other 

reports have demonstrated inconsistent small and non­

significant differences between lines and strains (Dunlop et 

al., 1966; Piper and Dolling, 1969; Robards and Atkins, 

1976). Williams (1979) quoted that the concentrations of 

ammonia in the rumen fluid were similar for F+ and F- sheep. 

Given relatively large strain differences in efficiency and 

small and inconsistent differences in apparent digestive 

ability, it is unlikely that digestive ability or the total 

quantities of nutrients available to the sheep has been 

altered by selection for fleece weight� The possibility of 

differences in apparent digestive ability must be completely 

ruled out, however, before comparisons of dietary intake 

(based on faecal output) are used to compare selection 

lines. 

Metabolic rate has not been shown to differ between F+ and c 

or F- flocks (Williams and Miller, 1965; Williams and 

Winston, 1965) although Graham (1968) showed some evidence 

of higher fasting heat production in F+ compared to F- rams. 
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2.3 Utilisation of amino acids for wool growth 

2.3.1. Sulphur content of wool 

Many of the ongoing studies into differences in wool growth 

efficiency are centered on the availability and utilisation 

of amino acids. These investigations have focused on the 

sulphur-containing amino acids (S-amino acids) cyst (e)ine 

and methionine and their relationship to the sulphur content 

(S-content) of wool. Most of the sulphur in wool is present 

as cystine with smaller amounts of cysteine and methionine. 

These S-amino acids are not spread homogeneously throughout 

the wool fibre, rather, separate sub-fractions of the 

soluble proteins extracted from wool contain differing amino 

acid balances (Bradbury, 1973). Low sulphur proteins, 

concentrated mainly in the microfibrils of the cortical 

cells, account for over 60% of wool proteins and contain all 

of the methionine and most of the lysine found in wool. 

High sulphur proteins, concentrated primarily in the matrix 

proteins surrounding the microfibrils, contain large amounts 

of cystine, proline and serine. High tyrosine proteins, 

also in the cellular matrix, are rich in tyrosine and 

glycine but do not contain many other amino acids. 

The balance of cortical cell types within a fibre is also 

related to the s-content of wool. The s-content of fibre 

cell types varies considerably, decreasing in order from 

para-, meso-, ortho-, and meta-cortex to medulla (Black, 

1987). Fine fibres, with higher crimp frequency and high 

paracortex content, will have higher s-content than coarse 

fibres containing more orthocortex and (perhaps) medulla. 

Although the commitment of fibre cells to specific cortical 

types remains reasonably constant over a wide range of wool 

growth rates, it can be affected by both plane of nutrition 

and photoperiod (Orwin et al. 1984). In a similar but 

qualitative study, Woods and Orwin (1987) showed that the 
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wool proteins of individual sheep remained constant and 

characteristic despite changes in season, age or nutritional 

status and did not vary between different body positions. 

Between-sheep differences in protein pattern were displayed 

most markedly in the high-sulphur group. Differences in 

protein pattern were presumed to reflect genetic differences 

between sheep (Woods and Orwin, 1987). The relationship 

between S-content, protein profiles, and the balance of 

cortical cell types has not been fully explored in Romney 

fleeceweight selection lines. 

Phenotypic associations between the S-content of wool and 

wool growth have clearly been demonstrated (Reis, 1965; Reis 

and Williams, 1965, Reis and Tunks, 1968; Reis, 1979). In 

all cases, high wool production was associated with lower s­

content of the wool. 

Differences in the S-content of wool in selected Merino 

sheep have also been demonstrated and result from F- or C 

sheep having a greater proportion of the high sulphur 

proteins than F+ sheep. Within this group of proteins, 

there is also a change in the balance of high cystine 

proteins (Williams, 1987). These compositional changes 

related primarily to resistance to compression and super­

contraction properties. These were higher, and lower, in 

high s-containing wools, respectively. No differences were 

found on stressjstrain properties at 30% fibre extension. 

The lower concentration of S-amino acids in the wool of F+ 

sheep is not merely a consequence of dilution. F+ sheep 

have higher daily sulphur outputs than C or F- sheep 

(Williams, 1979; 1987). F+ sheep are capable of increasing 

the s-content of wool when supplementary s-amino acids are 

supplied. To date, no differences in the S-content of the 

Massey University FW and C lines have been published, but 

investigations are underway. 
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2.3.2 Metabolism of sulphur-containing amino acids 

Many studies have documented the response in wool growth to 

supplementary supplies of S-amino acids (Reis, 1979). 

Supplementation of S-amino acids increases wool growth rate, 

and the S-content of wool. This relationship is more 

pronounced in F+ than F- or c sheep (Williams et al. , 1972; 

Williams, 1973;1976). 

S-amino acids in the form of L-cysteine, L-methionine or DL­

methionine produced similar results whether given as 

abomasal supplements ( Reis, 1967; Williams et al. , 1972; 

Reis et al., 1973), intravenous infusion (Downes et al. , 

1970; Reis et al.,1973), or intraperitoneal or subcutaneous 

injection at one or two day intervals ( Wickham, 1970; Barry 

et al., 1973). 

Supplementary S-amino acids can also be supplied via 

abomasal supplies of casein. Reis (1979) summarized a 

number of studies with protein supplementation and concluded 

that amino acid imbalance in the supplement may yield poor 

wool growth response. This was true for gelatin and zein, 

while casein was fairly successful in stimulating wool 

growth. When a mixture of amino acids, including 10 

essential amino acids, was infused into the abomasum, it 

stimulated wool growth to a similar extent as that of an 

equivalent amount of casein (Reis and Tunks, 1978). 

The concentration of free cystine in the plasma has been 

found to be lower in F+ Merino lines (Williams et al., 1972; 

Williams, 1976). Although this difference is observable at 

very young ages (Williams, 1984) the mechanisms controlling 

this concentration difference have proved to be elusive. 

Studies using radioactive cystine, have shown no differences 

in the entry rate of cystine into the plasma (Williams et 

al., 1972; Williams, 1976). Differences in plasma cystine 
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concentration in these flocks were also independent of the 

level of wool growth. All results have demonstrated that 

superior wool growth is not due to higher availability of 

cystine in F+ sheep, or to the proportion of cardiac output 

supplying the skin (Williams, 1987). Ultimately, the 

causejeffect relationships need to be more clearly defined, 

and further understanding of the genes controlling wool 

protein synthesis is needed. 

The importance of S-amino acid metabolism in the Massey FW 

and C lines is the subject of considerable recent study. 

Consistently lower blood urea concentration in FW rams has 

been related to lower rates of urea excretion (McCutcheon et 

al., 1987). Clark (1987) also reported that intravenous 

infusion of methionine reduced plasma urea concentration in 

C rams to a greater extent than that of FW rams. If, as in 

Merino lines, the wool of FW sheep has a lower s-content 

than that of C lines, this may indicate that high plasma 

urea concentrations of c rams reflect greater deamination of 

non-S-amino acids. The metabolism of S-amino acids appears 

to be related to plasma concentrations of urea. McCutcheon 

et al., (1987) found a high (r=-0.85) correlation between 

corrected plasma urea concentration and nitrogen retention. 

The high blood urea concentration of some rams appears to 

reflect greater amino acid deamination consequent upon their 

inability to retain a high proportion of dietary nitrogen in 

wooljbody tissues. 



MATER I AL S  AND M E T H O D S  

3 . 1  D e s c r i pt i o n o f  t he e xpe r i me n ta l f l o c k s  a n d  t h e i r  

ma nage me n t  

1 1  

T h e  s he e p  u s e d  i n  t h e s e  s t ud i e s  we r e  f r om t h e  f l e e c e we i g h t  

s e l e c t e d  ( FW )  a nd c o n t r o l  ( C )  s u b f l o c k s  o f  t h e  Ma s s e y  

U n i ve r s i t y P T  ( p r og e n y  t e s t ed ) R omne y  f l o c k . B o t h  l i n e s  

we r e  e s t a b l i s h e d  f r om t h e  s ame b a s e  R omne y  f l o c k , d e s c r i be d  

b y  R a e  ( 1 9 58 ) , i n  1 9 5 6  a nd h a v e  b e e n  c l o s e d  s i nc e  1 9 58 .  T h e  

ma nageme n t  a nd s e l e c t i o n me t h o d s  u s e d  s i n c e  t ha t  t i me h a v e  

b e e n  d e s c r i be d  i n  d e ta i l  b y  B l a i r  e t  a l . ( 1 9 8 4 ) b u t  a r e  

s umma r i z e d  h e r e . 

E a c h  l i n e  h a s b e e n  ma i nt a i n e d  a t  7 0-80 e we s  a nd b o t h  l i n e s  

a r e  g r a z e d  t oge t h e r . E we s we r e  c u l l e d  f o r  age a f t e r  t h e i r  

f o u r t h  l a mb i ng .  F o u r  1 . 5  y e a r  o l d  r a ms we r e  r e p l a c e d  e a c h  

ye a r . R e p l a c e me n t 1 . 5  ye a r  o l d  e we s  a nd r a ms we r e  s e l e c t e d  

a t  r a n d o m  i n  t h e  C l i n e  wh i l e F W  r e p l a c e me n t s  we r e  t h o s e  

w i t h  t h e  h e a v i e s t  g r e a s y  f l e e c e  we i gh t s  a s  h ogge t s . 

O e s t r us e we s  f r om b o t h  l i n e s  we r e  p e n  ma t e d  t o  i nd i v i d ua l  

r a ms be t we e n  Ma r c h  a nd Ap r i l .  

L a mb i ng o c c u r e d  b e t we e n  Augus t  a nd S e pt e mb e r . S h o r t l y a f t e r  

b i r t h  e a c h  l a mb wa s t agge d  t h e n b i r t h  d a t e , s e x ,  b i r t h  r a n k  

a nd d a m  i d e n t i f i c a t i o n we r e  r e c o r d e d . L a mb s  we r e  wea n e d  a nd 

we igh e d  i n  l a t e  N o ve mb e r a nd s h o r n  i n  m i d  D e c e mbe r . F r o m  

l a mb s he a r i ng u nt i l  h ogge t s he a r i ng i n  e a r l y  Oc t o be r , r a m  

a nd e we h ogge t s  we r e  g r a z e d  s e pa r a t e l y .  Wi t h i n  s e x ,  

h ogge t s  f r om b o t h  l i n e s  we r e  g r a z e d  t oge t h e r  o n  r ye g r a s s­

w h i t e c l o ve r pa s t u r e s . H ogge t f l e e c e s , i nc l ud i ng b e l l i e s  

a n d  p i e c e s , we r e  i nd i v i d ua l l y we i g h e d  a nd r e c o r d e d . L i v e  

we i g h t s  we r e  ta k e n  d i r e c t l y  o f f  s h e a r s . A samp l e  o f  wo o l  

f r om t h e  r i g h t  m i d s i d e  o f  e a c h  f l e e c e  wa s c o l l e ct e d  a n d  

l a b e l l e d  f o r  la t e r  d e t e r m i na t i o n o f  d e s c r i p t i ve t r a i t s , 

c l e a n  y i e l d a nd f i b r e  d i ame t e r . 
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S e l e c t i o n  o f  F W  a nd C a n i ma l s t o  e n t e r  e x pe r i me n t s  wa s 

p ure l y  o n  a ra n d o m  ba s i s . Wh e ne ve r  p o s s i b l e , a l l  a va i l a b l e  

a n i ma l s  were me a s ure d . M e a s ure me n t s  o f  s e a s o na l wo o l  gro w t h 

a nd s e a s o na l  r e prod uc t i o n were c o nd u c t e d  und e r  t h e  s ta ndard 

ma n a g e me n t  pra c t i c e s  o f  t he f l oc k .  N o  e f f ort wa s mad e  t o  

a l t er t he n u tr i t i o n or g r o wt h  ra t e s  o f  l a mb s  o n  p a s t ure. 

3 . 2 Ana l yt i c a l t e c h n i qu e s  e mg l oye d  

3 . 2 . 1  Da t a  c o l l e c t i o n a n d  c orre c t i o n 

A l l d a t a  were e d i t e d  pr i or t o  a na l ys i s  t o  remo v e  re c ord s 

w h i c h  d i d  n o t  p h ys i c a l l y c o n f orm t o  t h e  requ i re me n t s. T h i s  

i nc l ud e d  re mo v i n g a l l  h o g g e t s  wi t h  i nc omp l e t e  s e a s o na l  d a t a  

(Cha p t er 5 ) ,  r e m o v i ng a n i ma l s  w i t h  u n k n o wn va l u e s  f or s i r e , 

b i r t h  d a t e , d a m ,  b i r t h  ra n k  a nd we a n i ng we i g h t . Ewe s wh i c h  

were i n j ur e d  o r  d i e d d ur i n g t he bre e d i n g s e a s o n  wer e  n o t  

c o ns i d ere d i n  t he c ompar i s o n  o f  i nc i d e nc e  o f  o e s t r u s  

( C h a p t e r  7 ) . I n  pra c t i s e , v ery f e w  re c ord s we r e  o m i t t ed , 

e s pe c i a l l y i n  i nd o or t r i a l s . 

A f t er pre l i m i nary s cre e n i ng o f  re c ord s , a l l  d a t a  were 

p l o t t e d  a ga i n s t  s he e p  n umbe r  ( u nre l a t e d  var i a b l e ) f or t h e  

i d e n t i f i ca t i o n o f  o u t l y i n g  va l ue s  d u e  t o  mi s c o d i n g. 

Var i a b l e s  requ i r i ng e x tra c o mp u ta t i o n were ca l c u l a t e d  u s i ng 

F ortra n  pro grams t o  m i n i m i z e  err ors. S t a t i s t i ca l  a na l ys e s  

we re per f orme d u s i ng b o t h  S AS ( S t a t i s t i ca l  Ana l ys i s S ys t e m, 

S AS I ns t i t ut e , Cary , N C ,  U S A )  a nd R E G  ( G e n era l i z e d  

R e gre s s i o n  P a c k a g e , A .  G i l mour , N. S . W .  D e p t  o f  Agr i c u l t ure , 

) . 

3 . 2 . 2  U n i var i a t e  a nd M u l t i v ar i a t e  a n a l ys i s  o f  var i a nc e  

M u c h  o f  t h e  d a t a  a na l ys e d  i n  t h e s e  e x per i me n t s re pre s e n t s  

re p e a t e d  o b s erva t i o n s  o n  t h e  s a me a n i ma l s .  A l t h o u g h  t h i s  

t yp e  o f  d a t a  c o u l d b e  a na l ys e d  u s i ng u n i vari a t e  a na l ys i s o f  
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va r i a n c e  ( AN O VA ) a t  e a c h  d i s c r e t e  s a mp l i ng ,  o r  u s i ng 

u n i va r i a t e  ( ty p i ca l l y s p l i t - p l o t ) ANO VA c o n s i d e r i ng t i me a s  

a d e s i g n  f a c t o r , t h e s e  a p p r oa c h e s  d o  n o t  a va i l  t h e ms e l ve s  o f  

a l l  t h e  i n f o r ma t i o n wh i c h i s  a va i l a b l e . Us i n g t h e s e  

a p p r o a c h e s  ma y l ea d  t o  e r r o n e o us e r r o r  t e r ms ( s p l i t - p l o t ) o r  

l e s s  p o we r f u l  t e s t s  o f  ma i n  e f f e c t s  ( s e pa r a t e  ANO VA ) ( Bo x ,  

1 9 5 0 ;  Da n f o r d  e t  a l . ,  1 9 6 0 ;  C o l e  a nd G r i zz l e , 1 9 6 6; G i l l  a nd 

H a f s , 1 971; B r ya n t  a nd G i l l i ng s , 1 9 8 5 ) . The p r e f e r r ed 

me t h od o f  a na l ys i ng t he s e  d a t a  i s  t o  a p p l y  mu l t i va r i a t e  

a na l ys i s  o f  va r i a n c e  ( MANO VA ) . O n e  t yp e  o f  MAN O VA wh i c h i s  

p a r t i c u l a r l y  s u i t e d  t o  g r o wt h  d a t a i s  r e f e r r e d  t o  a s  

R e p e a t e d  M e a s u r e s  Ana l ys i s  ( RMA} . 

W h e n s o me y i e l d va r i a b l e  y i s  me a s u r e d  o v e r  p p e r i od s , o n  

t h e  s a me a n i ma l ,  t he n  t o  d o  s e pa r a t e  ANO VAs wo u l d  b e  t o  

d i s r e g a r d  t h e  c o r r e la t i o n s  wh i c h  e x i s t  a c r o s s  t h e  p ­

d i me n s i o n e d  v e c t o r s  o f  y .  T h u s , e a c h  a n i ma l  i s  r e p r e s e n t e d  

b y  a ve c t o r  r a t he r t ha n  a s i n g l e  o bs e r va t i o n .  S ums o f  

s q ua r e s  a nd c r o s s p r od u c t s , i n  ANO VA ,  a r e  r e p l a c e d  b y  a 

ma t r i x  c o n s i s t i ng o f  s ums o f  s qu a r e s  f o r e a c h  y ( o n t h e  

d i a g o na l ) a n d  s ums o f  c r o s s p r o d u c t s  b e t we e n  a l l  y ' s  o n  t h e  

o f f -d i a g o na l s . T h e  a d va n ta g e  o f  t h i s  t e c h n ique i s  t h a t  

d i r e c t  c ompa r i s o n s  o f  t i me e f f e c t s , a nd mor e  p o we r f u l  t e s t s  

o f  ma i n  e f f e c t s  a r e  mad e  b e ca u s e  a l l  ma i n  e f f e c t  ( r e pe a t e d} 

d a t a  i s  i nc l u d e d . T h e  i nt e r a c t i o n o f  ma i n  e f f e c t s  w i t h  t i me 

c a n  a l s o  b e  a s s e s s e d . 

I n  t h e  u n i va r i a t e  ANOVA ,  h yp o t h e s e s  a b o u t  main e f f e c t s  w e r e  

ma d e  v i a  a n  F - t e s t ,  f o r me d  b y  a r a t i o  o f  me a n  squa r e s . I n  

t h e  mu l t i va r i a t e  c a s e ,  t e s t s o f  h yp o t he s i s  a r e  mad e  o n  H 

( hy p o t he s i s ) a nd E ( e r r o r} ma t r i c e s . T h e s e  ma t r i c e s  a r e  

d i me n s i o n e d  p x p . H a nd E ma t r i c e s  a r e  f o r me d  b y  t h e  

a p p r o p r i a t e  mu l t i p l i c a t i o n o f  i d e n t i t y a nd c o n t r a s t ma t r i c e s  

t o  a c c o u n t  f o r n a n i ma l s  a nd k c o e f f i c i e n t s . A n u mb e r  o f  

d i f f e r e n t c o n t r a s t ma t r i c e s  c a n b e  u s e d  t o  g e n e r a t e  

h y p o t h e s e s  a b o u t  ma i n  e f f e c t s  a nd i nt e r a c t i o n s . 
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O n c e  H a nd E a r e  f o r me d , t h e g e ne r a l  t e s t o f  ma i n  e f f e c t s  

c a n  b e  d o n e  b y  a va r i e t y o f  me t ho d s  ( Mo r r i s o n ,  1 9 7 6 ;  

C ha t f i e l d a nd C o l l i ns ,  1 9 80 ) . A l t h o u g h  n o  o n e  o f  t h e s e  

me t h o d s  h a s w o n u n i ve r s a l  a c ce pt a nc e , t h e  me t h od o f  W i l k s  

( 1 9 4 6 ) u s i ng t h e  l i k e l i h o od a ppr o a c h  o f  N e yma n a nd P e a r s o n  

( 1 9 28 ) i s  s t r a i gh t f o r wa r d  a nd f a i r l y r o b u s t ( B o x ,  1 9 5 0 ;  

Da n f o r d  e t  a l . ,  1 9 6 0 ) . Whe r e  s i mp l e  r a t i o s o f  me a n  s q ua r e s  

( S SQ /d f ) f o r m  h yp o t h e s i s  t e s t s i n  ANOVA, t h e  d e t e r m i n a n t s  o f  

t h e  H a nd E ma t r i c e s  f o r m  a t e s t  r a t i o  i n  MANOVA w h e r e ,  

r = E 

H + E 

a nd M = n l n  ( 1 /r ) 

A1= ( p  + ( k + 1 ) + 1 )  I 2 n  

t o  f o r m  t h e  t e s t  s t a t i s t i c  ( 1 - A1 ) M  

wh i c h  i s  d i s t r i b u t e d  a s  C h i - squa r e  w i t h  p ( k - 1 ) d e g r ees o f  

f r e e d o m .  

3 . 2 . 3 T e s t s  o f  As s u mp t i o n s  i n  M AN OVA 

T h e  o n l y a s s u mp t i o n c r uc i a l  t o  MANOVA i s  h o mo g e n e i t y o f  t h e  

va r i a n c e - c o va r i a n c e  ( VCV ) ma t r i c e s  - s i m i l a r  t o  a ma t r i x  

e xt e ns i o n o f  B a r l e t t ' s  t e s t . As t h i s  s t a t i s t i c  was n o t  

a va i l a b l e  t h r o u g h  R E G  o r  S AS , i t  wa s c a l c u l a t e d  f r om t h e  

ma t r i ce s  o f  s ums o f  s q ua r e s  a nd c r o s spr o d u c t s  ( S S QCP ) , wh i c h 

c a n  b e  o u tp u t  f r om t h e  R E G  o r  S AS p r o g r a ms a c c o r d i ng t o  t h e  

me t h o d  o f  B o x  ( 1 9 50 ) . I n  n o  c a s e  wa s t he r e  s i g n i f i ca n t  

d e v i a t i o n f r om h om o g e n e i t y .  T h i s  s t a t i s t i c  i s  c a l c u l a t ed a s  

b e l o w :  

L e t  nt = n u mb e r  o f  a n i ma l s  pe r t r e a tme n t  

p = n u mb e r  o f  p e r i o d s  

k = n u mb e r o f  t r e a tme n t s  

N = t o t a l n u mb e r o f  a n i ma l s  

lEt I = t h e  d e t e r m i n a n t  o f  t he w i t h i n  t r e a tme n t  g r o up 

e r r o r  VCV ma t r i x  

lE I = t h e  d e t e r m i na n t  o f  t h e  e r r o r VCV ma t r i x 



1 5  

T h e  d e t e r m i na n t s  o f  a VCV ma t r i x  c a n  b e  f o und d i r e c t l y  f r o m  

t h e  d e t e r m i na n t s  o f  t h e  SSQC P  ma t r i x  

I VCV I = I SSQCP I I ( df ) P  

a nd 
2 p 2  + 3 p  - 1 [ A1 = - - - - - - - - - - - -
6(p +1 ) ( k- 1 ) 

a nd 

n o t e : df ( E ) =N - k , df ( E t ) = nt - 1  

k 1 1 ] r: - - - - -
t = 1  nt-1 N-k 

M =  ( N-k ) l n  I E I  - r: [ ( nt-1 ) l n  I Etl J 

T h e  t e s t  c r i t e r i a  ( 1 - A 1 ) M  i s  d i s t r i b u t e d  a s  Ch i - s q ua r e d w i t h 
f� df wh e r e  f� = ( 1/ 2 ) ( k - 1 ) (p ) (p + 1 ) .  

D i s c u s s i o ns of t h e  i n t e r a c t i o n b e twe e n  t i me a nd ma i n  e ffe c t s  

r ef e r t o  t h e  d e pa r t u r e  f r o m  p a r a l l e l i s m  of t r e a t me n t  

e ffe c t s . T h i s  pa r a l l e l i s m  d o e s  n o t  me a n  l i ne a r i t y a c r o s s  

t i me .  I t  r efe r s  t o  t h e  p r e s e nc e  o r  a b s e n c e  o f  c o n s t a n t  

d i ffe r e n c e s  b e twe e n  t r e a t me n t s  a c r o s s  t i me p e r i od s . MANOVA 

i s  c a pa b l e  of mak i n g t h e s e  c o mpa r i s o n s , wh i l e t h e y  a r e  

d i ff i c u l t  t o  qua n t i fy o t h e rw i s e . 

In a d d i t i o n t o  MANOVA , u n i va r i a t e  a na l ys e s  we r e  c o n d u c t e d , 

a s  p a r t  of RMA , a t  e a c h  t i me i n t e rva l i n  o r d e r  t o  d e t e r m i ne 

w h e n ,  i n  t h e  p r o d uc t i o n c yc l e , s i g n if i ca n t  s e l e c t i o n l i n e  

d i ffe r e n c e s  we r e  o c c u r i ng . 
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T h e  i n h e r e n t  d i ff i c u l t y  i n  o bt a i n i ng f i e l d me a s u r e me n t s  o n  

p r o d u c t i ve c h a r a c t e r s  s uc h  a s  fe e d  i n take , me t a b o l i c  o r  

d i ge s t i ve a b i l i t y ,  a n d  e ff i c i e nc y  l e nd s om e  a p pe a l  t o  p e n­

fe e d i n g e xp e r i me n t s  a nd t h e i r  u s e  a s  p r e l i m i na r y  gu i d e s  t o  

mor e  e x h a us t i ve f i e l d  r e s e a r c h . Kn ow l e d g e  of t h e s e  

c ha r a c t e r s  i s  e s s e n t i a l  t o  p r o v i d e  a b a s i s  f o r  l a t e r  f i e l d  

c ompa r i s o n s  w h e r e  e s t i ma t e s  of i n t ake may b e  b a s e d  e nt i r e l y  

o n  fa e ca l  o u t p u t , a nd t h e  u nd e r l y i ng a s s umpt i o n of n o  

s i g n i f i ca n t  d i ffe r e nc e s  i n  d r y  ma t t e r  o r  n i t r o g e n  d i ge s t i ve 

a b i l i t y. 

Se l e c t i on f o r  f l e e c e  we i gh t  i n  M e r i n o s  h a s  b r o u g h t  a b o u t  a 

c o r r e l a t e d  i n c r e a s e  i n  t h e  e ff i c i e n c y  of c o nve r s i o n of f o o d  

t o  w o o l .  T h e  c o r r e l a t ed r e s p o n s e s  i n  i nt ake a nd b o d y  s i z e  

have b e e n  va r i a b l e  ( Bu t l e r  a nd Ma xwe l l ,  1 9 8 4 ) .  S i m i l a r  

s t ud i e s u s i n g R omne y  s h e e p  ( C l a rk e t  a l . , l 9 6 5 ;  Wodz i cka­

T o ma s e w s ka , 1 9 6 6 ) h a v e  r e p o r t e d  t h a t w i t h i n  fl o ck 

d iffe r e nc e s  b e t w e e n  s h e e p  w i t h  h i g h  o r  l ow f l e e c e  we i g h t  

we r e  d ue t o  d i ffe r e nc e s  i n  t h e  eff i c i e nc y  o f  c o nve r s i o n o f  

f o o d  t o  w o o l . 

Wo o l  a nd b o d y  g r owt h  have b e e n  s h own t o  r e s p ond p o s i t i ve l y  

t o  a b o ma s a l s u p p l e me n ta t i o n w i t h c a s e i n  o r  S - a m i n o  a c i d s  

( Re i s ,  1 9 7 9 ) .  F l e e c e  we i g h t  s e l e c t e d  M e r i n o s  a r e  mor e  

e ff i c i e n t  a t  d i r e c t i ng t h e s e  s u p p l e me n t s  t o wa r d s  wo o l  g r o w t h  

( Wi l l i a ms e t  a l . , l9 7 2 ) .  E q u i va l e n t  s t ud i e s w i t h  s e l e c t i o n 

l i n e s  i n  R o mn e ys h a v e  o n l y  r e c e n t l y  b e e n  r e por t e d  

( Mc C l e l l a nd e t  a l . ,  1 9 8 6 ;  C l a rk ,  1 9 8 7 ;  M c C u t c h e o n  e t  a l . ,  

1 9 8 7 ) . 

P r i o r t o  t h i s  t r i a l ,  FW a nd C s h e e p  h a d  o n l y  b e e n  s t ud i e d i n  
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o ne i nd o o r  e xpe r i me n t . Us i n g d a t a  f r o m  a n  e x pe r i me n t  o n  1 2  

FW a nd 1 2  C r a ms f e d  c u t  pa s t u r e  a d  l i b i t um ,  M c C l e l l a nd e t  

a l . ,  ( 1 9 8 6 ) fo und FW s he e p  t o  b e  i nfe r i o r t o  C s h e e p  i n  t h e  

a p pa r e n t  a b i l i t y t o  d i g e s t  d r y  ma t t e r  ( 6 0 . 1 ± 0 . 9 % vs. 

6 2 . 8 ± 0 . 6% . ) .  Da t a  on wo o l  a nd body g r owt h in t h e s e  s a me 

r a ms y i e l d e d  a s i g n i f i ca n t  p o s i t i ve r e l a t i o n s h i p  b e t w e e n  

i n t a k e  a nd wo o l  g r ow t h  i n  FW r a ms a n d  a s i g n i f i ca n t  n e ga t i ve 

r e l a t i o n s h i p  a mo n g  C r a ms. C r ams a l s o  ma i nt a i n e d  

s i g n i f i ca n t l y  h i gh e r  g r owt h r a t e s  d u r i ng t h e  t r i a l . T he s e  

a nd o t h e r  r e s u l t s  i nd i c a t ed t ha t  t h e  adva nt a g e  of FW r ams 

wa s d ue , a t  l e a s t  i n  p a r t ,  t o  d i ffe r e nc e s  i n  t h e  a b i l i ty t o  

d i r e c t  a b s o r b e d  n u t r i e nt s  t owa r d  w o o l  g r owt h. L i n e  

d i ffe r e nc e s  i n  wo o l  g r ow t h  w e r e  mo r e  p r o n o u n c e d  a m o n g  s h e e p  

w i t h  h i gh e r  i n t ake s. 

The p u r p o s e  of t h i s  s t ud y  wa s to e xa m i n e  t he r e l a t i v e  w o o l  

g r owt h ,  l i vewe i g h t  ga i n ,  a p pa r e n t  d i ge s t i ve a b i l i t y ,  a nd 

u t i l i s a t i o n of d i e ta r y  p r o t e i n  b y  FW and C R o mn e y  r a ms .  

4 . 2  Ma t e r i a l s  a n d  M e t h od s  

4 . 2 . 1  E x pe r i me n t a l p l a n  

N i ne FW a nd n i ne C r a m  h o g ge t s , b o r n  1 9 8 3 ,  we r e  c h o s e n  a t  

r a n d o m  off pas t u r e  a nd b r o ug h t  i nd o o r s . Rams we r e  h o u s e d  

a nd f e d  i n  i nd i v i d ua l  d i g e s t a b i l i t y c r a t e s  f o r  t h e  d u r a t i on 

o f  t he e x pe r i me n t . 

T h e  e xp e r i me n t , a t o t a l o f  1 8  we eks b e g i n n i ng Ma y 0 1/ 1 9 8 4 ,  

wa s d i v i d e d  i n t o  3 s u b pe r i od s  ( P l ,  P 2 , P 3 ) e a c h  o f  6 we e k s . 

T h e  f i r s t  two we eks of e a c h  p e r i od we r e  u s e d  t o  a d j us t  r a ms 

t o  t h e e x pe r i me n t a l d i e t s  a nd t o  s t a b i l i z e  i n take s . Wo o l  

g r owt h ,  l i vewe i g h t  ga i n  a nd d i ge s t i ve a b i l i t y we r e  me a s u r e d 

i n  t h e  l a s t  4 ,  4 a nd 2 we e k s  o f  e a c h  6 week pe r i o d , 

r e s p e c t ive l y. 

P 1  wa s a u n i f o r m i t y ,  o r  c ova r i a n c e  p e r i od ,  d u r i ng wh i c h a l l  



s h e e p  r e ceive d a n  e q ua l  we i g h t  of fe e d , c a l c u l a t e d  t o  b e  

a b ove ma i n t a i na n c e . Wo o l  g r owt h i n  P l  wa s u s e d  a s  a 

c ova r i a t e  i n  t he a na l ys i s of P 2  a nd P 3  d a t a . 
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D u r i ng P 2 ,  t h r e e  s h e e p  f r o m  e a c h  l i ne we r e  a s s i g n e d  a t  

r a nd o m  t o  r e ceive e i t h e r  0 ,  3 0  o r  6 0  g pe r d a y  of 

f o r ma l d e h yd e  p r o t e c t e d  c as e i n  i n  t h e  fe e d  i n  a dd i t i o n to t he 

b a s a l d i e t  f e d  i n  P l . 

An a d d i t i o n a l 2 -we e k  a d j u s t me n t  p e r i od ( n o t  i n c l ud e d  i n  

t he s e  a n a l ys e s ) wa s p l a c e d  b e t we e n  P 2  a nd P3 t o  a l l ow f o r  

t h e  g r a d ua l t r a n s i t i on f r o m  f i ne t o  l o n g  c u t  l uc e r n e  d i e ts . 

In e a c h  o f  f o u r  3-da y  s ta ge s ,  t h e  p r o p o r t i o n of n e w  fe e d  wa s 

i nc r e a s e d  b y  2 5% a n d  t he l eve l of f e e d i ng was r a i s e d  b y  

l O O gms . 

D u r i n g P 3 ,  a l l  s h e e p  c o n t i nu e d  t o  b e  f e d  a s i m i l a r  a m o u n t  of 
h i g h e r  q ua l i t y d i e t . 

4 . 2 . 2 .  F e e d i n g 

In p e r i o d s Pl a nd P2 e a c h  s he e p  r e ceiv e d  l O O O g p e r  d a y  

( a i r d r y  b a s i s ) o f  p r o t e i n  e x t r a c t e d  l u c e r ne me a l  o b t a i ne d  

f r o m  Z a n p r o  L u c e r ne ( NZ ) L t d . T h e  d i e t  wa s f i ne l y  g r o u n d  

a nd u n pe l l e t e d . D u r i ng pe r i o d P3 e a c h  s h e e p  wa s f e d  1 4 0 0  

gms p e r  d a y  ( a i r d r y  b a s i s ) of c ha ff e d  l u c e r n e . P u r e  

c a s e i n ,  o b t a i ne d  fr o m  t he D a i r y R e s e a r c h  In s t i t u t e , 

P a l me r s o n  N o r t h ,  wa s t r e a t e d  b y  s oak i ng 2 0 0kg of c a s e i n  i n  

1 0 0 0 1 of c o l d  wa t e r t o  wh i c h  5 1  of 4 0% f o r ma l d e hyd e had b e e n  

a d d e d . Aft e r  6 0  m i n u t e s  a g i t a t i o n ,  t h e  c a s e i n  wa s d r i ed t o  

1 0% mo i s t ur e . T h e  f o r ma l d e h yd e  c a s e i n ,  t h u s  o b t a i ne d , wa s 

s t or e d  u n d e r  r efr i ge r a t i o n a nd m i x e d  t h o r o u g h l y  w i t h 

i nd i v i d ua l d a i l y p r e s s cake r a t i o n s  ( P 2 ) b efore fe e d i ng .  

S h e e p  w e r e  f e d  o n c e  da i l y a t  0 8: 3 0  h o u r s  aft e r  r e mova l of 

r efus e d  fe e d  f r o m  t he p r e v i o us d a y .  D u r i n g pe r i o d s P1 a nd 

P.l., d a i l y r ef u s a l s  we r e  d r i e d a t  1 2 0  ° F f o r  2 4  h o u r s  a n d  
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t h e n  we i gh e d . D u r i n g p e r i od s o me s h e e p  r efu s e d  

a g r e a t e r  p r o po r t i o n o f  s ta l k  t h a n  l e af s o  r ef u s a l s  we r e  

d r i e d ove r n i g h t , g r o u n d  i n  a ha mme r m i l l  f i t t e d  w i t h  a 

c oa r s e  s c r e e n  a n d  r ef e d  t h e  f o l l ow i ng d a y . F e e d  s a mp l e s , i n  

a l l  pe r i od s , we r e  t a k e n d a i l y a nd b u l k e d  ove r 2 we e ks . Fe e d  

s a mp l e s  we r e  d r i e d ,  a s  a b ov e , i n  o r d e r  t o  o b t a i n  m e a n  da i l y 

d r y ma t t e r  i n take s f o r  e a c h  s he e p . Wa t e r  wa s p r ov i d e d  a d  

l i b i t um i n  8 1  b u cke t s  a t ta c h e d  t o  t h e  d i ge s t a b i l i t y c r a t e s  

b u t  wa t e r  i n take s we r e  n o t  r e c o r d e d . 

T h e  e x p e r i me nt a l p r o t o c o l  i nv o l v e d  t h e  e s t i ma t i o n o f  w o o l  

g r owt h f r o m  c l i pp e d  s h o u l d e r  a nd m i d s i d e  s k i n  pa t c he s , t h e  

d e t e r m i na t i o n o f  b o d y  we i gh t  b y  r e g u l a r  f o r t n i g h t l y  

we i g h i ng s  a nd t h e  e s t i ma t i o n of n i t r o g e n  a n d  d r y  ma t t e r  

d i ge s t i b i l ty o f  t he va r i o u s  r a t i o n s . 

4 . 2 . 3 .  Wo o l  g r ow t h  r a t e  

R i gh t  s h o u l d e r  a n d  r i gh t  m i d s i d e  w o o l  pa t c h e s  we r e  s horn 

a t  t h e  b e g i nn i ng a nd e nd o f  t h e  l a s t  4 we eks of e a c h  p e r i od .  

Wo o l  wa s c l i pp e d  f r o m  a s q ua r e  pa t ch (�l O c m  by �l O c m )  o n  t he 

r i g h t  s h o u l d e r  a nd m i d s i d e  o f  e a c h  s h e e p .  Os t e r  c l i p p e r s  

f i t t e d w i t h  N o . O O O O  b l a d e s  we r e  u s e d  t o  r e move t h e  w o o l  

g r own o n  t h e  pa t c h  i n  e a c h  p e r i od .  A s i m i l a r  pa t c h  wa s 

o p e n e d  o n  t h e  l ef t  s h o u ld e r  a n d  wa s i n t e nd e d  t o  c a p t u r e  d a t a  

o n  wo o l  p r o d uc t i o n i n  t h e  t r a n s i t i o n p e r i od s . T h i s  d a ta wa s 

e v e n t u a l l y d i s ca r d e d  a s  t r a n s i t o r y  p e r i o d s  we r e  c o n s i d e r e d  

t o  b e  d i ff i c u l t  t o  i n t e r p r e t . A l s o ,  t h e  t r a ns i t i o n  b e twe e n  

P 2  a nd P 3  wa s a n  a d d i t i o n a l 2 w e e k s  l o n ge r  t h a n  b e t we e n  Pl 

a nd P 2 ,  a nd s ome s he e p  had d i ff i c u l t y adju s t i ng t o  a c h o p pe d  

d i e t  aft e r  p r e s s - ca k e  f e e d i n g .  Two pa t c h e s  we r e  c l i pp e d  a t  

2 o r  4 we e k l y  i n t e rva l s t o  c o i nc i d e  w i t h u n i n t e r u p t e d  wo o l  

g r ow t h  me a s u r me n t  d u r i n g t h e  l a s t  2 8  d a ys o n  a pa r t i c u l a r  

d i e t . O n l y  t h e  f o u r  we e k  s a mp l e s  we r e  p r o c e s s e d  t o  e s t i ma t e 

w o o l  gr owt h . T h e  f i r s t  two we eks of t h e s e  p e r i o d s  a l l owed a 

b r i ef t i me fo r w o o l  g r ow t h  t o  a dj u s t  t o  d i e t a r y  c ha n ge s . 

O n e  s h o u l d e r  wa s a t  a l l  t i me s  r e p l i ca t i ng t h e  m i d s i d e 
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s a mp l e . 

T h e  d i me ns i o n s  of e a c h  p a t c h  w e r e  me a s u r e d  a t  e a c h  c l i p p i n g 

u s i ng Ve r n i e r  c a l i pe r s w i t h  e x t e nd e d  a r ms . T h e  l e n g t h  o f  

e a c h  s i d e  a nd t h e  d i a g o n a l o f  e a c h  p a t c h  we r e  me a s u r e d  a nd 

r e c o r d e d . T h e  s u r fa c e  o f  t h e  p a t c h  wa s c a l c u l a t e d  a s  t h e  

s u m  o f  two t r i a n g l e s . T h i s  p r e ca u t i on wa s n e ce s s a r y  a s  s ome 

o f  t h e  s k i n  s a mp l e  a r e a s  we r e  r e ma r ka b l y  n o n - r e c t a ng u l a r . 

A l l w o o l  s a mp l e s we r e  s t o r e d  i n  l a be l l e d  o pe n  e nv e l op e s  i n  a 

c l i ma t e c o n t r o l l e d  l a b o r a t o r y  ( 2 0 ° C , 6 5% RH ) a nd w e r e  

c o nd i t i o ne d  f o r  a t  l e a s t  4 8  h o u r s  p r i o r t o  we i gh i ng . 

S a mp l e s  we r e  we i gh e d , s c o u r e d  b y  a f o u r  b owl a nd d e t e r g e n t  

w a t e r  me t h o d  wh i l e c o n t a i n e d  i n  i nd i v i d u a l f i n e  me s h  b a g s , 

d r i e d  i n  a b l a s t  o f  wa r m  a i r ,  c o nd i t i o n e d�a nd we i g h e d  a ga i n .  
to IG'f'o re9Qin 

W o o l  g r ow t h  r a t e s  ( g r ea s y  a nd c l e a n) we r e  e x pr e s s e d  a s  mg 

p e r cm2 p e r d a y . R a ms we r e  n o t  s h o r n  a t  t h e  b e g i n n i ng a nd 

e nd o f  t he 1 8  we e k  t r i a l  a s  h o g g e t f l e e c e  we i g h t s  f r o m  

t h e s e  e x pe r i me n ta l r a ms we r e  r e q u i r e d  by t he f l o ck 

ma n a g e me nt p r o t oc o l  a nd s u b s e q ue n t  s e l e ct i o n .  A s  t o t a l  w o o l  

g r ow t h  d u r i ng t h e  e xpe r i me n t  wa s n o t  known i t  wa s n o t  

p o s s i b l e  t o  e xp r e s s  w o o l  g r ow t h i n  t e r ms of t o t a l  g ms p e r  

d a y .  

A n  a t t e mp t  wa s mad e  t o  me a s u r e  t h e  l e ng t h  of t h e  p i l e  o n  

w o o l  g r o w t h  pa t c h e s  u s i ng t he s a me Ve r n i e r  ca l o p e r s  wh i c h  

me a s ur ed t h e  pa t c h  a r e a . T h i s  p r o v e d  u n s u c e s sfu l a nd t h e  

t e c h n i q u e  a nd me a s u r e me n t s  w e r e  a ba nd o ne d . 

4 . 2 . 4  L i ve we i gh t  

L i v e  we i g h t  was me a s u r e d  a t  f o r t n i g h t l y  i n t e r va l s  b e g i n n i n g 

w i t h t h e  f i r s t  d a y  of t h e  t r i a l . T o  m i n i m i z e l i ve we i g h t  

e r r o r s  a r i s i ng fr o m  d i ffe r e n c e s  i n  g u t  f i l l ,  s he e p  we r e  

a l wa ys we i g h e d  pr i o r t o  fe e d i ng a t  0 8: 0 0 h o u r s . L i ve 

w e i g h t s  a nd s ub s e q u e n t  me a s u r e s  of l i ve we i g h t  g a i n  i nc l ud e d  
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d i ffe r e nc e s  i n  f l e e c e  c a r r i e d . As me n t i o ne d  o b ove , i t  wa s 

n o t  p o s s i b l e  t o  p a r t i t i o n t h e  t o t a l f l e e c e  pr o d u c e d  i n  e a c h  

p e r i od a nd s u b t r a c t  t h i s  i n  o r d e r  t o  o b t a i n  f l e e c e -f r e e  l i ve 

we i g h t s . Ga i ns a r e  e x p r e s s e d as a b s o l u t e  c ha n g e s ove r 2 8  

d a y  p e r i od s  i n  o r d e r  t o  mo r e  c l e a r l y  d e mo n s t r a t e  t h e  

a s s o c i a t e d  l i ve w e i gh t  c h a n ge s . 

4 . 2 . 5  D i ge s t i b i l i t y o f  d r y  ma t t e r  a nd n i t r o g e n  

N i t r o g e n  a n d  d r y  ma t t e r  d i g e s t i b i l i ty we r e  d e t e r m i n e d  b y  t he 

t o ta l c o l l e c t i o n o f  fa e c e s  a nd u r i n e o n  e v e r y  r a m  d u r i n g 

1 0 -d a y  p e r i od s  i n  t h e  l a s t  t w o  we e ks of e a c h  d i e ta r y  p e r i od 

a s  o u t l i n e d  p r e v i o us l y .  Fa e c e s  we r e  c o l l e c t e d  d a i l y ,  s t o r e d 

a t  5 °  c, b u l k e d  ove r 5 d a ys a nd t h e n  we i gh e d . Two s u b ­

s a mp l e s , of a p p r o x i ma t e l y  2 0 0 g ,  we r e  t a k e n p e r  s he e p  f r o m  

e a c h  o f  t h e  t w o  5 -d a y  s amp l e s . Sub - s a mp l e s  we r e  we i g h e d  

befo r e  a nd a ft e r  d r y i ng a t  1 1 0° F ,  f o r  a pp r o x i ma t e l y  7 2  

h o u r s ,  t o  d e t e r mi n e  d r y  ma t t e r  c o n t e n t . S i x  t o  s eve n s ma l l  

g r a b  s a mp l e s  fr o m  e a c h  fr e s h  t o t a l 5 -d a y  o u t p u t  we r e  p o o l e d  

a n d  fr e eze - d r i e d f o r  s ubse q u e n t  n i t r o g e n  (N ) d e t e r m i n a t i o n s . 

Ur i ne wa s c o l l e c t e d  i n t o  b ucke t s  c o n t a i n i ng 1 0  m l  of 2 . 0M 

H2 S04. Ur i ne v o l u me wa s me a s u r e d  d a i l y a nd 1% o f  t h e  d a i l y 

o u t p u t  wa s s a mp l e d  t o  f o r m  a r e p r e s e n t a t i ve 5 - d a y  c o mp o s i t e 

s a mp l e , a l s o  f o r  N d e t e r m i na t i o n. Samp l e s  of f e e d , u r i ne 

a nd fa e c e s  we r e  a na l ys e d  f o r  t o ta l n i t r og e n  by t he Kje l d a h l  

me t h o d . 

4 . 2 . 6  Ana l yt i ca l  M e t h o d s  

D a t a  we r e  a n a l ys e d b y  ANOVA a nd MAN O VA (Re pe a t e d  M e a s u r e s  

Ana l ys i s )  a s  d e s c r i be d  p r e v i o u s l y. 

Seve r a l  d i ffe r e nt c ova r i a t e s  we r e  u s e d  t o  r e move 

c omp l i ca t i ng va r i a b l e s . I n i t i a l  we i g h t  a t  t h e  s t a r t  of e a c h  

p e r i od wa s u s e d  a s  a c ova r i a t e  i n  t h e  a s s e s s me n t  of 

l i vewe i g h t  g a i n .  A l t h o u g h  s h e e p  we r e  fed c o n s t a n t  a mo u n t s  of 

fe e d  d e s i gn e d  t o  b e  c omp l e t e l y  c o ns umed e a c h  d a y ,  s ome t i me s  



s i g n i f i ca n t  r e fus a l s  we r e  c o l l e c t e d  s uc h  t ha t  d r y  ma t t e r  

i n t a k e  ( DM I ) wa s u s e d  a s  a c ova r i a t e  i n  t h e  a na l ys i s  of 

a p pa r e n t d r y  ma t t e r  ( DM D I G ) , a nd n i t r o g e n  ( N D I G ) ,  

d i ge s ta b i l i t y a nd wo o l  g r o wt h . S i m i l a r l y ,  t o t a l n i t r og e n  

i n t a k e  wa s u s e d  a s  a c ova r i a t e  i n  t h e  a n a l ys i s  of t o ta l 

u r i na r y  n i t r o g e n  e xc r e t i o n ( TUN ) . 
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E a c h  pe r i od wa s a na l ys e d  s e pa r a t e l y  a t  f i r s t ,  t h e n a l l  

me a s u r e s  of w o o l  p r o d u c t i o n ,  a l l  me a s u r e s  of d i ge s t a b i l i t y 

a nd a l l  me a s u r e s  of l i vewe i g h t  ga i n  we r e  c o mb i n e d  i n  a 

r e pe a t e d me a s u r e s  a n a l ys i s  i n c l ud i ng d i e t  effe c t s  ( eve n 

t h o ug h  d i e t s  we r e  i n  e ffe c t  f o r  P 2  o n l y .  By c a r r y i ng d i e t s 

a s  a d e s i gn fa c t o r  i n  MANOVA , t h e  t r ue d i e t eff e c t  i s  

a s s e s s e d  b y  t h e  i n t e r a c t i o n o f  t i me w i t h d i e t . W i t h  s u c h  

s ma l l  n umbe r s  o f  s he e p  p e r  d i e t a nd l i n e  ( 3 ) ,  i t  ma y have 

b e e n  p o s s i b l e  t h a t  a n i ma l s w e r e  i ne ffe c t i ve l y  r a nd o m i z e d . A 

s i g n i f i ca n t  d i e t b y  t i me i n t e r a c t i o n may b e  a m o r e e ffe c t i ve 

me t h od o f  d e t e r m i n i ng n o n - pa r a l l e l  pe rfo r ma n c e  b e twe e n  t r u e  

t r e a t e d  a nd u n t r e a t e d  pe r i o d s . 

N o  f i x e d  e ffe c t  c o r r e c t i o n s ( da m  a g e , b i r t h r a n k , r e a r i ng 

r a n k ) we r e  a pp l i e d t o  t h e  d a t a  a s  t h i s  w o u l d  have r e s u l t e d  

i n  s i ng u l a r  ma t r i c e s  d u e  t o  l a r ge numb e r s  of c l a s s e s  a nd 

v e r y  few a n i ma l s p e r  c l a s s . 

T h e  mod e l c a n  b e  g e n e r a l i z e d  a s  fo l l ows : 

M od e l 4 . 1: 

w he r e ,  

y � � k  = a n  o b s e r va t i on o n  va r i o u s  pr od u c t ive t r a i t s of t he 

k t h C o r  FW o r  r a m  h o g g e t 

i n  s e l e c t i o n l i n e j ,  

� = a n  u n o b s e rved p o p u l a t i o n me a n ,  

a �  = t h e  f i x e d  effe c t  o f  t h e  i t h d i e t  



b� = t he r e g r e s s i o n o f  y � � k  o n  X l � � k  wh e r e , 

X l � � k  = t he o b s e rved i n i t i a l  w e i gh t  o f  t h e  i j k t h 

i nd i v i d ua l  a nd , 

b 2 = t h e  r e gr e s s i o n o f  y � � k  o n  x 2 � � k  wh e r e , 

x 2 � � k  = t h e  o b s e r ve d  d r y  ma t t e r i n t a k e  o f  t h e  i j k t h 

i nd i v i d ua l ,  

1 �  = t h e  f i xe d  e f f e c t  o f  t h e  j t h s e l e c t i o n l i n e , a n d  

e � � k = t h e  r a nd om r e s i d u a l a s s o c i a t e d  w i t h  t he i j k t h 

i nd i v i d ua l  

F o r  P 2 ,  i n  a dd i t i o n t o  t h e  a b ove , t h e  mod e l i nc l ud e d  f i xe d  

e f f e c t s  o f  d i e t  a nd t h e  i n t e r a c t i o n o f  d i e t  a nd s e l e c t i o n 

l i ne .  F o r  P 2  a nd P 3  a nd mu l t i va r i a t e  a na l ys i s  o f  w o o l 

g r owt h ,  w o o l  gr ow t h  i n  P l  r e p l a c e d  i n i t i a l  we i gh t  a s  a 

c ova r i a t e  a nd d r y  ma t t e r  i n t a k e  r e ma i ne d  i n  t h e  m o d e l .  
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M ANOVA o n  a c r o s s  p e r i od d a t a  u s e d  t h e  a b o ve mod e l ,  w i t h  t h e 

i nc l u s i o n o f  d i e t  a nd d i e t  X s e l e c t i o n l i n e  i nt e r a c t i o n ,  

e x t e nd e d  t o  p -d i me ns i o na l s pa c e , w h e r e  p = 3 ,  f o r  P l ,  P 2  a nd 

P 3  r e p l i ca t e s . 

4 . 3  R e s u l ts a nd d i s c u s s i o n  

T h e  b a g s  u s e d  t o  wa s h  w o o l  s a mp l e s  we r e  f o u nd t o  have t o o  

c o a r s e  a we a ve t o  e f f e c t i ve l y  c o n t a i n  s h o r t  c l i p p e d  wo o l  

f i br e s . As a l l  s a mp l e s  we r e  wa s h e d  p r i o r t o  t h i s  d i s c ov e r y ,  

s i g n i f i ca n t  l o s s  o f  f i b r e s  l i k e l y o c c u r e d  d u r i ng p r o c e s s i n g .  

T h e  l o s s  r a t e  wa s d e t e r m i n e d  b y  w a s h i ng c l e a n ,  s o lv e n t  

e x t r a c t e d  s a mp l e s  a nd c o mpa r i ng s a mp l e  w e i g h t s  b e f o r e  a nd 

a f t e r .  A s  t h e  e f f e c t o f  t h i s  e r r o r o n  t h e  e s t i ma t e s  o f  

c l e a n  w o o l  p r od u c t i o n o n  i nd i v i d ua l  s h e e p  c o u l d n o t  b e  

d e t e r m i n e d ,  g r e a s y  w o o l  p r o d uc t i o n f i g u r e s  w i l l  b e  u s e d  i n  

a l l  s u bs e qu e n t  r e s u l t s . C l e a n  w o o l  g r ow t h w i l l  b e  d i s c u s s e d 

i n  t h e  t e x t . 

N o  s i g n i f i ca n t  e f f e c t  o f  w o o l  s a mp l e  l o c a t i o n o n  w o o l  g r o w t h  

r a t e  wa s f o u nd . I t  wa s t h e n  d e c i d e d  t o  i nc l ud e  d a t a  o n  a l l  
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l o c a t i o n s  a s  r e p l i c a t e s  t o  i n c r e a s e  t h e  powe r o f  t e s t i n g f o r  

s e l e c t i o n l i n e  a nd d i e t  d i f f e r e nc e s . Wo o l  g r owt h me a ns i n  

T a b l e  4 . 1  a r e  ave r a ge d  a c r o s s  l o c a t i o n . 

L e a s t  s q ua r e s  me a n s  f o r i n i t i a l  we i g h t  ( IWT ) ,  l i vewe i g h t  

g a i n  ( L WG ) ,  g r e a s y  w o o l  p r od u c t i o n ( GWOO L ) ,  D M D IG , d a i l y 

u r i ne v o l u me ( UVOL ) ,  TUN , a nd N D IG b y  s e l e c t i o n l i n e  a nd 

d i e t  ( P 2 o n l y ) , a r e  p r e s e n t e d  i n  Ta b l e s  4 . 1  a , b a nd c f o r  

P 1 , P 2  a nd P 3 ,  r e s p e c t i ve l y . 

S h o u l d e r  g r e a s y  wo o l  p r o d uc t i o n ,  by d i e t  g r o u p ,  i n  P 1 ,  P 2  

a nd P 3  a r e  s h own i n  F i g u r e 4 . 1 .  Sh o u l d e r a nd m i d s i d e  

r e s u l t s we r e  s i m i l a r . S h o u l d e r  r e s u l t s we r e  c h o s e n  f o r  

r e p o r t i n g a s  t h e  d i me ns i o n s  o f  t h e  pa t c h , a c r o s s  s a mp l i ng s , 

r e ma i ne d  mo r e  c o n s t a n t  t h a n  m i d s i d e  p a t c h e s  a nd a p p e a r e d t o  

b e  a mor e  d i s c e r n i n g me a s u r e  o f  wo o l  g r owt h . 

4 . 3 . 1  Appa r e n t  d i g e s t i v e  a b i l i ty 

N o  s i gn i f i c a n t  s e l e c t i o n l i ne e f f e c t s  o n  t h e  a b i l i ty t o  

d i ge s t  d r y  ma t t e r ,  o r  n i t r o g e n ,  we r e  d e mo ns t r a t e d  i n  a n y o f  

t h e  p e r i od s  s t ud i e d .  Ind i v i d u a l  r a ms w i t h i n  l i n e  we r e  a 

l a r g e r  s o u r c e  o f  va r i a t i o n t h a n  s e l e c t i o n l i n e . T h i s  r e s u l t  

d o e s  n o t  a gr e e  w i t h  t h e  e a r l i e r d i ge s t L b i l i ty t r i a l  u s i ng 

r a ms o n  a d  l i b i t um f e e d i n g o f  c u t  pa s t u r e  ( Mc C l e l l a nd e t  

a l . ,  1 9 8 6 ) .  D M D IG i n  t ha t  t r i a l , c o u l d  have b e e n  a f f e c t e d  

b y  f a i l ur e  t o  a c c o u n t  f o r a l l  va r i a t i o n i n  D M I ,  b e c a u s e  o f  

t h e  r e l a t i ve l y s ma l l  n u mb e r o f  a n i ma l s  p e r  g r o up ( 8 )  a nd t h e  

r e l a t i ve l y  l a r g e  r a ng e  i n  D M I  ( 9 1 2  t o  1 6 7 6  g/d ) . R a ms we r e  

f ed e q ua l l y i n  t h i s  t r i a l  a nd r e f u s e d  f e e d wa s n o t  

s i g n i f i ca n t l y  d i f f e r e n t b e twe e n  FW a nd C r a ms ,  a s  e x p e c t e d  

t h e r e  we r e  n o  d i f f e r e nc e s  i n  D M I  o r  d i ge s t ib l e  d r y  ma t t e r  

i n t a k e  b e t we e n  l i n e s . 

T h e  r e s u l t s  o f  t h e  c u r r e n t  t r i a l  a g r e e  w i t h  t h e  c o nc l u s i o ns 

o f  P i pe r  a nd D o l l i ng ( 1 9 6 9 ) a nd W i l l i ams ( 1 9 7 9 ) w h o  f o u nd 

t h a t  t h e  a b i l i t y t o  d i g e s t  n u t r i e n t s  had n o t  b e e n  a l t e r e d  by 
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s e l e c t i o n f o r  f l e e c e  we i g h t  i n  M e r i n o s . 

S i mi l a r l y ,  n o  d i ffe r e nc e s  we r e  f o u n d  i n  ND I G ,  i n  a n y  of t he 

p e r i od s , a nd t h e r e  wa s n o  s i g n i f i ca n t  i n t e ra c t i o n b e t we e n  

s e l e c t i o n l i n e  a nd d i e t  d u r i n g P 2 . T h e  a b i l i t y of F W  r a ms 

t o  r e s p o nd t o  a d d i t i o na l d i e t a r y  s u p p l y  of a m i n o  a c i d s , i s  

t h e r ef o r e n o t  r e l a t e d  t o  t h e  p r o p o r t i o n of i ng e s t e d  

n u t r i e n t s  a bs o r be d  a nd a n y  s i g n i f i ca n t d i ffe r e n c e s  i n  w o o l  

o r  b o d y  g r o w t h a r e  l i ke l y  a t t r i bu t a b l e  t o  d i ffe r e nc e s  i n  

f e e d  c o nve r s i o n e ff i c i e nc y  

D u r i ng P 2 ,  d i e t s  d i ffe r e d  s i g n if i ca n t l y  ( p < . 0 5 )  i n  t h e  

d i g e s ta b i l i t y of n i t r o ge n ,  b u t  n o t  of d r y  ma t t e r .  

4 . 3 . 2  L i ve we i g h t  a nd l i v e w e i g h t  ga i n  

L a r g e  w i t h i n  l i n e  va r i a t i o n i n  l i ve w e i g h t  e x i s t e d . T h e  l i ne 

d iffe r e n c e s  i n  i n i t i a l  w e i gh t  a t  t h e  b e g i nn i ng of P l ,  P 2  a nd 

P 3  we r e  n o t  s i g n i f i ca n t l y  d i ff e r e n t  b e twe e n  l i n e s . T o  wha t 

e xt e nt t h e s e  d iffe r e nc e s  r ef l e c t  l i v e w e i g h t s  u n d e r  g r a z i n g 

c o nd i t i o n s  i s  n o t  k n o w n . F W  h og g e t s  h a v e , h i s t o r i ca l l y ,  

b e e n  2 k g  h e av i e r  t h a n  C h o g g e t s  a t  t h e  t i me o f  h o gg e t 

s he a r i ng ( B l a i r ,  1 9 8 6 ) .  L i ve w e i g h t  d i ffe r e n c e s  i n  s ma l l  

i nd o o r  t r i a l s  a r e  affe c t e d  b y  s a mp l i ng . 

L i ve we i gh t  ga i n ,  wa s n o t  s i g n i f i ca n t l y  d i ffe r e n t  b e t we e n  F W  

a nd C r a ms i n  Pl a nd P 2 ,  b u t  t he g r e a t e r  l i vewe i gh t  g a i n  o f  

F W  h o g g e t s  i n  P 3  wa s h i gh l y  s i g n i f i ca n t . By t h e  e nd of P 3 ,  

F W  r a ms w e i gh e d  t h e  s a me a s  C r a ms , a s  t he y  had a t  t h e  s t a r t 

o f  t h e  e x pe r i me n t . F o r  u nk n o wn r e a s o ns , FW r a ms g a i n e d  

s l i g h t l y  l e s s  t ha n  C r a ms d u r i ng P 2  b u t  t h e  d i ffe r e nc e  wa s 

n o t  s i gn i f i ca n t . 

C o mpa r i s o n s  of l i ve we i g h t  g a i n  w e r e  l i m i t e d by t h e  

r e s t r i c t e d  fe e d i ng r e g i me n  e mp l o ye d  i n  t h i s  t r i a l . T h e  

p r i ma r y  o b j e c t ive b e i ng t o  eva l ua t e  d i ge s t i ve a b i l i t y ,  i t  

wa s d e c i d e d  t o  o p t  fo r e q u a l fe e d i n g w i t h fe w r ef u s a l s . 



I n  t he t r i a l  c o nd u c t e d  i n  1 9 8 3 ,  ( Mc C l e l l a nd e t  a l . ,  1 9 8 6 ) ,  

FW a nd C r ams d i s p l a y e d  a s i m i l a r  r e l a t i o ns h i p  b e t w e e n  D M I 

a nd l i ve we i g h t  g a i n .  S u pe r i o r g r owt h r a t e s  i n  P 3  c a n  o n l y  

b e  a t t r i bu t e d  t o  i mp r ove d e ff i c i e n c y  o f  c o nve r t i ng f e e d  t o  

g a i n . 

4 . 3 . 3  Ur i ne v o l ume 
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A n  u n e x pe c t e d  r e s u l t  wa s t h e  i nc r e a s ed u r i ne o u t p u t  of FW 

r a ms r e l a t i ve t o  c o n t r o l s . T h i s  d i ffe r e n c e  wa s s i g n i f i ca n t  

a t  p < O.Ol i n  P 1 , a t  p < �DS i n  P 2  a nd a p p r o a c h e d  s i g n i f i ca n c e  

i n  P 3  ( p < 0 . 1 0 ) . A l t h o u g h  wa t e r i n t a k e  wa s n o t  me a s ur e d , i t  

i s  a s s ume d t h a t  d iffe r e nc e s  i n  u r i ne o u t pu t  r ef l e c t  

d i ffe r e n c e s  i n  wa t e r  i n t a k e . T h e  n i t r o g e n  c o n c e n t r a t i o n o f  

FW u r i ne wa s c o r r e s p o nd i ng l y  r e d uc e d  s uc h  t ha t  t h e  t o t a l  

u r i na r y  n i t r o g e n  e xc r e t i o n wa s n o t  s i g n i f i c a n t l y  d i ffe r e n t 

b e twe e n  g e n o t yp e s . 

Ge n e t i c  d i ffe r e nc e s  i n  wa t e r  c o n s umpt i o n o r  t u r n ove r have 

b e e n  d o c ume n t e d  i n  t h e  l i t e r a t ur e . D o l l i ng a nd Ca r pe n t e r  

( 1 9 63 )  a nd McFa r l a n e  e t  a l . ,  ( 1 9 6 6 ) have b o t h  r e p o r t e d  

h i g h e r wa t e r  i n t a k e s  i n  F +  M e r i n o s . McFa r l a n e  e t  a l . ,  

( 1 9 6 6 ) s ug g e s t e d  t h a t  h i gh e r  wa t e r  t u r n ove r ma y c o r r e l a t e  

w i t h t he u s e  o f  wa t e r  i n  c e l l u l a r  i n t e r me d i a r y  me t a b o l i s m  a s  

F +  s h e e p  p r o d u c e d  1 5% m o r e  wo o l  ove r t h e  s a me p e r i od i n  h i s  

t r i a l . He p o s t u l a t e s  a r e la t i o n s h i p  w i t h  t o ta l e n e r gy 

t u r n ove r a nd s ug ge s t s  t h e  p o s s i b i l i ty of g r e a t e r  r e na l  

o u t p u t  of wa t e r  i n  F +  s h e e p . 

Sub s e q u e n t  t o  t h i s  c u r r e n t  t r i a l , M c Cu t c h e o n  e t  a l . ,  ( 1 9 8 7 ) 

d e mo n s t r a t e d  a h i gh e r  c r e a t i n i ne c l e a r a n c e  r a t e  ( i n d i c a t i ve 

of g r e a t e r  g l ome r u l a r  f i l t r a t i o n r a t e } i n  FW c ompa r e d  t o  C 

r a ms . T h e  b i o l o g i ca l  s i g n i f i ca n c e  of t he s e  d i ffe r e nc e s  

r ema i ns u n c l e a r . 
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4 . 3 . 4  Wo o l  g r owt h 

M e a n  s h o u l d e r  r e s u l t s  a r e '  p r e s e n t e d  i n  F i g u r e  4 . 1 .  S i m i l a r  

t r e nd s  we r e  n o t e d  f o r  m i d s i d e  s a mp l e s . G r e a s y  wo o l  g r owt h 

of F W  r ams wa s gr e a t e r , i n  a l l  p e r i od s . C l e a n  w o o l  g r ow t h 

w a s  s i g n i f i ca n t l y  d i ffe r e n t i n  P 2  a nd P J . 

C r a ms s h ow e d  n o  s i g n i f i c a n t  r e s ponse i n  g r e a s y  o r  c l e a n  w o o l  

g r owt h t h e  c a s e i n  s u p p l e me n ta t i o n a s  t he r e g r e s s i o n o f  P 2  

w o o l  g r ow t h  r a t e  o n  P l  w o o l  g r ow t h  r a t e  wa s e qu a l f o r  a l l  

d i e t a r y  l eve l s  of c a s e i n  ( s l o p e  = 0 . 9 0 0 ± 0 . 2 9 7 ) . Amo n g s t  F W  

r a ms ,  t h e s e  r e g r e s s i o n s  we r e  h e t e r o g e n e o u s  w i t h  s t e e pe r  

s l o p e s  ( 0 . 2 6 1 ± 0 . 2 2 2 ;  0 . 6 5 2 ± 0 . 2 9 2 ;  2 . 3 2 6 ± 0 . 3 2 7  r e s pe c t i ve l y )  

a s  t h e  d i e ta r y  l eve l of c a s e i n  i nc r e a s e d  fr om 0 t o  3 0  t o  6 0  

g/d . 

I n  P l ,  t h e  r e l a t i o n s h i p  of g r e a s y  w o o l  g r owt h t o  D M I /k g 0 • 7 5 

was p o s i t i ve i n  FW r a ms b u t  n e a r  z e r o  i n  C r a ms ( p < 0 . 0 5 ) . 

I n  P 2 ,  a nd P 3  s i m i l a r  r e l a t i o n s h i ps e x i s te d  a nd a p p r o a c h e d  

s i g n i f i ca nc e  a t  p = 0 . 0 6 .  

D i ffe r e nc e s  i n  w o o l  p r o d u c t i o n b e t we e n  s h e e p  o r  b e t we e n  

l i n e s  ma y b e  d u e  t o  d i ffe r e nc e s  i n  i n ta k e , d i g e s t i ve a b i l i t y 

o r  t h e  t h e  e ff i c i e n c y  of c o nve r s i o n of fo o d  t o  w o o l . T h i s  

e x p e r i me n t  wa s c o n s i s t e n t w i t h t h e  r e s u l t s of Wod z i c k a ­

T o ma s z ew s k a  ( 1 9 6 6 ) i n  wh i c h  R omne y  s h e e p  d i ffe r e d  p r i ma r i l y 

i n  t h e  e ff i c i e nc y  of c o nve r s i o n  o f  fe e d  t o  wo o l . I n  Me r i n o  

f l o c k s ,  t h e r e  have b e e n  c o n s i s t e n t  r e po r t s  o f  h i gh e r  

e ff i c i e nc y  of c o nve r s i o n o f  f o o d  t o  wo o l  a nd o n l y  s po r a d i c  

r e p o r t s  of i nc r e a s ed f e e d  i nt a k e  a s  a r e s p o n s e  t o  s e l e c t i o n 

f o r  f l e e c e  we i g h t . 

As w i t h M e r i n o  s e l e c t i o n f l o c k s  ( W i l l i ams , 1 9 7 9 ) a nd w i t h i n ­

f l o c k  R omne y  c o mpa r i s o n s  ( C l a r k  e t  a l . ,  1 9 6 5 ) ,  d i ffe r e nc e s  

i n  w o o l  p r o d u c t i o n i nd i ca t e d  t ha t  F W  s he e p  we r e  a b l e  t o  
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d i r e c t  a h i g h e r  p r o p o r t i o n of a bs o r be d  n u t r i e n t s  t owa r d s  

f l e e c e  g r ow t h ,  t h i s  d i ffe r e n c e  b e i n g g r e a t e r  a t  h i gh e r  

i n t a k e s . S i m i l a r pa r t i t i o n i ng d i ffe r e nc e s  have b e e n  

d e mo n s t r a t e d  b e t w e e n  R omne y  s h e e p  w i t h  h i g h o r  l ow w i n t e r  

wo o l  g r ow t h  ( Hawk e r  a nd Cr o s b i e , 1 9 8 5 ) . D i ve r g i ng 

r e gr e s s i o ns o f  w o o l  g r ow t h  o n  i nt a k e  b e t w e e n  F+ a nd C s h e e p  

we r e  r e po r t e d  b y  Ha m i l t o n  a nd L a n g l a nd s  ( 1 9 6 9 ) w i t h 

i n c r e a s e d  a l l owa n c e s  f o r  s h e e p  o n  p a s t ur e . 

T h e  r e s p o ns e s  t o  c a s e i n  s u pp l e me n t a t i o n we r e  n o t  a s  l a r g e  a s  

t h o s e  r e p o r t e d  i n  M e r i n o s  ( R e i s ,  1 9 7 9 ) . R e i s  ( 1 9 7 9 ) a l s o  

s u g g e s t s  t h a t  n e a r  ma x i ma l  i n c r e a s e s  i n  w o o l  g r ow t h  r a t e  a r e  

o b t a i n e d  a t  s u p p l e me nt a t i o n s  o f  1 2 0  g/d . Se l e c t i o n l i ne b y  

d i e t  i n t e r a c t i o n s  e x i s t ed a s  C r a ms r e ce i v i n g 3 0  o r  6 0  g/d 

of c a s e i n  d i d n o t  s i gn i f i ca n t l y  o u t p e r fo r m  t h e  0 g/d 

c o n t r o l s . FW r a ms o n  c a s e i n  d i e t s i nc r e a s e d  wo o l  g r owt h 

r e l a t i ve t o  0 g/d c o n t r o l s . 

I n  t h i s  s t u d y ,  c a s e i n  s u pp l e me n ta t i o n wa s t e s t e d  ove r w i n t e r  

a nd s e ve r a l  a u t h o r s  have s h ow n  t ha t  t h e  a b i l i t y of R omne ys 

t o  r e s p o nd t o  i nc r e a s e d n u t r i t i o n i s  s u b s t a n t i a l l y r e d u c e d  

ove r w i n t e r  ( Sumne r ,  1 9 7 9 ; Haw k e r  a nd C r o s b i e , 1 9 8 5 ) . 

T h e  e x t e n t  t o  wh i c h  i nh e r  d i ffe r e nc e s  i n  t he s e a s o na l  

c yc l e  o f  w o o l  g r o w t h have b e e n  c o nf o u nd e d  w i t h  s e l e c t i o n 

l i n e  c ompa r i s o n s  i s  n o t  k nown . 
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2 9  

a .  P r e l i m i na r y  p e r i od ,  P 1  ( l O O O g/d l uc e r ne p r e s s ca k e ) 

Va r i a b l e  c FW s i g . 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

I WT ( k g )  3 0 . 1 ± 0 . 9  2 9 . 3 ± 1 . 4 2 n s  
L WG ( k g )  1 . 2 6 ± . 2 3 1 . 2 0 ± . 2 6 n s  
G WO O L  ( mg/c m2/d ) 1 . 3 1 ± . 0 6 1 . 5 0 ± . 0 9 * 
DMD I G  (% ) 5 8 . 4  ± . 4  5 7 . 5  ± .  3 n s  
ND I G  (% ) 6 6 . 6  ± . 7  6 5 . 8  ± . 8  n s  
UVOL ( ml/d ) 1 3 5 5 . ± 9 6 . 2 1 3 3 . ± 2 8 7 . * *  
TUN ( g/d ) 7 . 5 ± 0 . 1  7 . 4 ± 0 . 4  n s  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Ta b l e  4 . 1  b .  C h o p p e d  l u c e r ne ( 1 4 0 0 g/d ) ,  P 3  

Va r i a b l e  c FW s i g . 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

I WT ( k g )  4 0 . 6 ± 0 . 7  3 8 . 8 ± 0 . 9  n s  
L WG ( k g )  1 . 4 2 ± . 4 1 3 . 2 3 ± . 3 8 * * *  
GWO O L  ( mg/cm2/d ) 2 . 0 2 ± . 1 4 2 . 5 6 ± . 1 1 * *  
DMD I G  (% ) 5 9 . 4  ± . 3  5 9 . 6  ± .  4 n s  
ND I G  (% ) 6 9 . 1  ± .  5 6 9 . 9  ± .  4 n s  
UVOL ( m l/d ) 1 5 2 7 . ± 2 1 0 . 2 0 9 6 . ± 2 3 0 . p < . 1 0  
TUN ( g/d ) 9 . 5 ± 0 . 2  9 . 1 ± 0 . 4  n s  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

T a b l e  4 . 1  c .  P 2  ± F o r ma l d e hyd e  p r o t e c t e d  c a s e i n  

Va r i a b l e  c F W  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = � = =  

I WT ( k g )  3 4 . 6 ± 0 . 6  3 2 . 7 ± 0 . 9  
L WG ( k g )  1 . 6 1 ± . 4 1 0 . 6 0 ± . 3 8 

0 GWO O L  ( mg/c m2/d ) 1 . 6 2 ± . 4 7 1 . 6 8 ± . 8 3 
g/d DMD I G  ( % )  5 9 . 5  ± .  3 6 0 . 8  ± .  4 

ND I G  ( % )  6 7 . 2  ± . 7  6 8 . 1  ± . 6  
UVOL ( ml/d ) 1 4 6 3 . ± 2 1 0 . 2 5 6 7 . ± 2 3 0 . 
TUN ( g/d ) 7 . 0 ± 0 . 6  8 . 0 ± 0 . 7  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

I WT ( k g )  3 4 . 2 ± 0 . 7  3 4 . 2 ± 0 . 7  
L WG ( k g )  1 . 4 2 ± . 4 1 1 . 6 3 ± . 4 2 

3 0  GWOO L  {mg/cm2/d ) 1 . 9 1 ± . 7 6 1 . 8 6 ± . 4 5 
g/d DMD I G  (% ) 6 3 . 4  ± .  3 6 3 . 3 ± . 3  

N D I G (% ) 7 1 . 9  ± . 5 7 1 . 0  ± .  4 
UVOL ( ml/d ) 1 5 2 4 . ± 2 1 0 . 2 1 3 8 . ± 2 3 0 . 
TUN ( g/d ) 1 0 . 2 ± 0 . 7  9 . 9 ± 0 . 4  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

I WT ( k g )  3 5 . 1 ± 0 . 7  3 3 . 4 ± 0 . 9  
L WG ( k g )  1 . 9 0 ± . 2 3 3 . 2 . 3 8 

6 0  GWOOL (mg/cm2 /d ) 1 . 5 0 ± . 9 5 2 . 3 7 ± . 4 2 
g/d DMD I G  (% ) 6 3 . 6 ± . 3  6 1 . 9  ± . 7  

ND I G  (% ) 7 4 . 1  ± . 5 7 3 . 5  ± . 4  
UVOL ( ml/d ) 1 9 8 5 . ± 2 1 0 . 2 0 0 4 . ± 2 3 0 . 
TUN ( g/d ) 1 3 . 4 ± 1 . 2  1 1 . 8 ± 0 . 6  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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F i g u r e  4 . 1  Me a n  s ho u l d e r  g r e a s y  wo o l  g r ow t h  of f l e e c e  we i g h t  
s e l e c t e d  ( FW )  a nd c o n t r o l  ( C )  r a ms d u r i ng u n i f o r m  
fe e d i ng ( l k g/d ) i n  P l ,  c a s e i n  s up p l e me n ta t i o n i n  
P 2 ,  a nd u n i f o r m  fe e d i ng ( 1 . 4 k g/ d ) i n  P 3 . (  D i e t  
d e ta i l s may b e  found i n  t he t e x t ) 
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4 . 4  C o nc l us i ons 

T h e  r e s u l ts s ug ge s t  t ha t  t he adva nt a ge of FW ove r c r ams i s  

d u e , i n  pa r t ,  t o  d i ffe r e nc e s  i n  t he a b i l i t y t o  d i r e c t  

a b s o r b e d  n u t r i e n t s  t owa r d s  w o o l  g r o w t h . T h i s  d iffe r e n c e  

b e c o me s  mo r e  e v i d e n t  w i t h h i g h e r  fe e d i ng l e ve l s . T h e  C 

f l o c k  adva nt a g e  i n  di3esl'i��e a b i l i ty r e p o r t ed p r ev i o u s l y ,  wa s 

n o t  d e mo ns t r a t e d  i n  t h i s  t r i a l . T h e  p o s s i b i l i t y t h a t  

d iffe r e nc e s  i n  " f o r a g i ng a b i l i t y "  , s e l e c t i v i t y  o r  o t h e r  

a d a p t i ve c h a r a c t e r s  ma y o p e r a t e  u nd e r  p a s t u r e  c o nd i t i o ns 

c a n n o t  b e  i gn o r e d . 

T h e  p e rfo r ma nc e  of t h e s e  a n i ma l s u nd e r  p a s t u r e  c o nd i t i o n s  

n e e d s  t o  b e  mo r e  fu l l y e x p l o r e d  e s pe c i a l l y w i t h r efe r e nc e  t o  

p a t t e r ns of i ntake , wo o l  g r ow t h  a nd l i ve we i g h t  ga i n  ove r 

t h e i r  f i r s t  p r o d u c t ive ye a r . 

Fu r t h e r  i nve s t i ga t i o n s  i nt o  wa t e r  me t a b o l i s m  of FW a nd C 

s he e p  ma y a l s o  b e  wa r ra n t e d  g i ve n c o ns i s t e n t  d i ffe r e nc e s  i n  

d a i ly u r i ne o u t pu t  r e po r t e d  h e r e . 
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S EA S O NAL I T Y OF WOO L  G R O WTH 

5 . 1  I n t r od uc t i on a n d  r ev i e w  of l i t e r a t u r e  

A l t h o u g h  i t  h a s  l o n g  b e e n  r e c og n i z e d  t ha t  wo o l  g r ow t h i s  n o t  

u n i f o r m t h r o u g h o u t  t h e  ye a r ,  t h e  va r i o u s  fa c t o r s  w h i c h  

c o n t r i b u t e  t o  t h e  o b s e rve d p a t t e r n  have ye t t o  b e  f u l l y 

u n r ave l l e d. I n  t he a bs e n c e  of c o n t r o l l e d  e nv i r on me nt s  i t  

wa s d i f f i c u l t  f o r  e a r l y  w o r k e r s t o  s e pa ra t e  t h e  e ff e c t s  o f  

s e a s o na l p a s t u r e  g r owt h ,  c ha ng i n g t e mp e r a t u r e , d a y l e n g t h ,  

p r e g n a n c y  a nd l a c t a t i o n a nd t h e  e ffe c t  o f  s h e a r i ng i t s e l f  

o n  t h e  o b s e r v e d  w o o l  g r o wt h  p a t t e r ns . 

T h e  a n n u a l r h yt h m  of w o o l  g r o w t h d i s p l a ye d  by mos t  mod e r n  

b r e e d s  o f  s h e e p  i s  l a r ge l y  a ve s t i g e of t he a r c h a i c  

me c ha n i s m  o f  f l e e c e  s he d d i n g . T h i s  r hy t h m  o f  wo o l / ha i r  

g r owt h  i s  n o w  k n own t o  b e  k e p t  i n  p ha s e  w i t h s e a s o n  b y  

p h o t o pe r i od i c c o n t r o l  i n  s h e e p  a nd i n  o t h e r  ma mma l s  (s u c h a s  

m i n k , d e e r , fe r r e t s , v o l e s  a nd h a ms t e r s ) wh i c h  e xh i b i t  

c ha n g e s i n  t h e i r  p e l a ge a nd r e pr od uc t ive a c t i v i t y  a c c o r d i ng 

t o  t h e  s e a s o n . 

B r e e d s  of s h e e p ,  a s  i n  s t r a i n s of o t h e r  mamma l s ,  d i ffe r i n  

t h e i r  r e s po n s e  t o  p h o t o pe r i od i c ,  n u t r i t i o na l  a nd t h e r ma l  

s t i mu l i .  T h e s e , a nd d i ffe r e nc e s  i n  f l e e c e  c ha r a c t e r i s t i c s 

b e twe e n  a n i ma l s ,  c on t r i b u t e  t o  t h e  g e ne t i ca l l y d e t e r m i n e d  

c ompo n e n t o f  t h e  s e a s o na l c yc l e . 

T h e  p h ys i o l o g i ca l  me c h a n i s ms b y  wh i c h  p h o t o pe r i od e x e r t s  i t s  

c o n t r o l  o n  t h e  r hy t h m  of w o o l  g r owt h  a r e  p o o r l y  u nd e r s t o o d . 

As s o c i a t e d  me c ha n i s ms i nvo l v e d  i n  t h e  c o n t r o l  o f  

r e p r o d u c t i v e  c yc l e s  have o n l y  r e c e n t l y b e e n  e l u c i d a t e d . 

Ev i d e n c e  i n  b o t h  f i e l d s  wo u l d i mp l i ca t e  t he p i n e a l g l a nd a nd 

i t s e f f e c t s , v i a  l i g h t / d a r k  c o n t r o l l e d  s e c r e t i o ns , o n  t h e  

a c t i o n o f  va r i o u s  e nd o c r i n e o r g a n s  a nd t h e i r  s u b s e q u e n t  

e ffe c t s  o n  w o o l  g r ow t h  a nd r e pr od u c t i o n .  
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T h e  s e a s o na l  pa t t e r n  o f  wo o l  g r o wt h  i s  p e r t i n e n t  t o  t h e  

c o mpa r i s o n  o f  u ns e l e c t e d  a nd f l e e c e  we i g h t - s e l e c t e d s h e e p  

a s  i t  r e l a t e s  t o : s ta p l e  s t r e ng t h ; p o s s i b l e  s e a s o na l  

d i f f e r e nc e s  i n  t h e  a b i l i t y t o  d i s c r i m i n a t e  be t we e n  

g e n o t yp e s ; t h e  s e a s o na l i t y o f  r e p r o d u c t i o n ;  s e a s o na l  

p a t t e r ns o f  f e e d  i n t a k e  a nd b o d y  g r owt h a nd t h e  a b i l i ty o f  

a n i ma l s  t o  r e s p o nd t o  n u t r i t i o n a l f a c t o r s . 

5 . 1 . 1  Nu t r i t i o n a l a nd c l i ma t i c  e f f e c t s  

5 . 1 . 1 . 1  H i s t o r i ca l  

Wod z i c k a  ( 1 9 6 0 ) s umma r i z e d  e a r l y  G e r ma n  wo r k  wh i c h 

e s ta b l i s he d  t ha t  wo o l  g r o wt h  wa s g r e a t e s t  i n  t h e  s umme r 

m o n t hs a f t e r  s p r i ng s he a r i n g .  H e n c e , i t  wa s t h o u g h t  t h a t  

t h e  i r r e g u l a r i t y o f  wo o l  g r o wt h  wa s a s he a r i ng ,  r a t h e r  t h a n  

a s e a s o n a l ,  e f f e c t . O t h e r  w o r k e r s  ( Ha r d y  a nd T e n nys o n ,  

1 9 3 0 ;  B u r n s  1 9 3 la , b ; D u e r d e n  a nd Ma r e , 1 9 3 1 ) h a d  p r e v i o us l y  

c o n f i r me d  s e a s o n a l t r e nd s  b y  me a s u r i n g l e n g t h  g r o w t h  r a t e . 

S e a s o na l  t r e nd s  i n  f i b r e  d i a me t e r  we r e  a l s o  o bs e r ve d  ( Ha r d y  

a nd T e n nys o n ,  1 9 3 0 ) .  I n  t h e s e  s t ud i e s ,  n u t r i t i o n wa s 

l a r g e l y  u nc o n t r o l l e d . Ga l p i n  ( 1 9 4 8 ) r e p o r t e d  s ub s t a n t i a l 

s e a s o na l  d i f f e r e nc e s  i n  m i d s i d e  pa t c h  p r o d u c t i o n i n  R o mn e y  

s he e p  b u t  d i d n o t  r e po r t  f e e d i ng l e ve l s . 

W i l s o n ( 1 9 3 1 ) a nd B e l l  e t  a l . ( 1 9 3 6 ) r e c og n i z e d  t h e  

c o r r e l a t i o n be t we e n  wo o l  g r o wt h  r a t e  a nd f e e d a va i l a b i l i t y .  

E we s  we r e  a l s o  o bs e r ve d  t o  h a v e  r e d uc e d  wo o l  g r o w t h d u r i ng 

l a c ta t i o n ( Be l l  e t  a l . ,  1 9 3 6 ) . I n  M e d i t e r r a n e a n  

e nv i r o nme n t s , whe r e  f e e d  wa s o f t e n  s u p e r i o r i n  w i n t e r  

m o n t hs , t h e  r h y t h m  o f  wo o l  g r o wt h  wa s n o t  s h o wn ( Fr a z e r ,  

1 9 3 1 ) . 

Ca n a d i a n  wor k e r s  t h o u g h t  t ha t  t h e  b i t t e r  c o l d o f  t he 

C a n a d i a n  w i n t e r  m i g h t  b e  t he c a u s e  o f  l o w  wi n t e r  p r o d uc t i o n 

( B o ws t e a d  a nd L a r o s e ,  1 9 3 8 ;  L a r o s e  a nd Twe e d i e , 1 9 3 8 ;  
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S a c k v i l l e a nd B o ws t e a d , 1 9 3 8 ) . T h e y  k e p t Rambo u i l 1 e t  e we s  

i n  h e a t e d  a nd u n h e a t e d p e n s  f o r  u p  t o  3 mo n t h s  b u t  we r e  

u na b l e  t o  a l t e r  w i n t e r  p r o d uc t i o n . As t he f e e d i n g l e ve l s  

we r e  n o t  s t a t e d , i t  i s  d i f f i c u l t  t o  d r a w  d i r e c t  c o n c l u s i o n s  

a b o u t  t he e f f e c t s  o f  t e mpe r a t u r e  ( va r y i ng a s  mu c h  a s  2 9 ° C  

b e t we e n  p e n s ) f r om t h i s  wo r k . 

5 . 1 . 1 . 2  S he a r i ng R e s p o ns e s  

A l t h o u g h  e a r l y  r e s e a r c he r s  t h o u g h t  t h a t  s h e a r i ng h a d  a 

d i r e c t  e f f e c t  o n  wo o l  g r o wt h ,  i t  h a s  s i nc e  be e n  

d e mo n s t r a t e d  t ha t  t h e  s he a r i ng r e s p o n s e  i s  me d i a t e d  t h r o ug h  

a c ha n g e  i n  i n t a k e  f o l l o w i n g  s he a r i n g .  Ea r l y  o bs e r va t i o n s  

b y  Ca r t e r  ( 1 9 4 4 ,  u n p u b l i s he d  d a t a  ) s h owe d t h a t  a pp e t i t e 

i nc r e a s ed ma r k e d l y  a f t e r  s h e a r i ng a nd d e c l i ne d  s t e ad i l y 

u nt i l  t h e  n e x t  s he a r i ng wh e n  s h e a r i ng .  I n  o t h e r  s t ud i e s  

( Da l y a nd Ca r t e r , 1 9 5 5 ;  S c h i nc k e l ,  1 9 6 0 ;  Wod z i c k a
? 

1 �60j 
Whe e l e r , R e a r d o n  a nd L a mb o u r ne , 1 9 6 3 ;  

We s t o n ,  1 9 7 0 ;  Bo t t om 1 e y ,  1 9 7 9 ) t h e  i nc r e a s e  i n  i n t a k e  p o s t ­

s h e a r i ng h a s  b e e n  we l l  d o c ume nt e d . 

Wod z i c k a - T o ma s e ws k a ( 1 9 6 0 ) wa s u na b l e  t o  s h ow g r e a t e r  a n n ua l  

w o o l  g r o w t h  i n  f r e qu e n t l y  s h o r n  s h e e p  b u t  Mc G u i r k  e t  a l . 

( 1 9 6 6 ) a nd B i g h a m  ( 1 9 7 4 ) d e mo n s t r a t e d  t h a t  a n n ua l wo o l  

p r o d u c t i o n i nc r e a s e d  a s  s he a r i ng f r e q u e n c y  i nc r e a s e d . 

B o t t o m l e y  ( 1 9 7 9 ) r e v i e we d  t h e  f a c t o r s  a f f e c t i n g  t h e  e x t e n t  

o f  t h i s  p o s t - s he a r i ng r i s e  i n  i n t a k e . Whe e l e r  e t  a l . ( 1 9 7 7 )  

c o mpa r ed wo o l  g r o wt h  i n  c o v e r ed a nd u n c ove r e d  s he e p  a nd 

s h o we d  t ha t  a t h e r mo - r e g u l a t o r y  r e s p o ns e , r a t h e r  t h a n  a 

r e s p o n s e  t o  s he a r i ng pe r s e . wa s r e s p o ns i b l e  f o r  i nc r e a s e d 

wo o l  g r owt h a f t e r  s he a r i ng .  

5 . 1 . 1 . 3  N u t r i t i o n  

S i n c e  t h e  f i r s t  o b s e r va t i o n s  i n  t he 1 9 3 0 ' s , n u me r o u s  a u t h o r s  

h a v e  t i e d  t h e  va r i a b i l i t y i n  s e a s o na l  wo o l  g r o wt h  t o  

s e a s o na l va r i a t i o n i n  pa s t u r e  a va i l a b i l i t y ( Ma r s t o n , 1 9 4 8 ;  
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S c h i n c k e l ,  1 9 5 6 ;  H u t c h i n s o n  a nd P o r t e r ,  1 9 5 8 ;  R o e  e t  a l . ,  

1 9 5 9 ; S t e wa r t  e t  a l . 1 9 6 1 ;  S ha r k e y  e t  a l . ,  1 9 6 2 ;  Wi l l i ams 

a nd S c h i n c k e l ,  1 9 6 2 ;  Ar n o l d  e t  a l . ,  1 9 6 4 ;  McFa r l a ne ,  1 9 6 5 ;  

R e i s  a nd W i l l i a ms ,  1 9 6 5 ) . H o we ve r , Wh e e l e r  e t  a l . ( 1 9 6 3 ) 

we r e  u na b l e  t o  d e mo n s t r a t e  a c l e a r  r e l a t i o n s h i p  b e t we e n  

p a s t u r e  a va i l a b i l i t y a nd d i ge s t i b l e  o r ga n i c  ma t t e r  i n t a k e  i n  

t he M e r i n o s  t h e y  s t ud i e d . N o t w i t h s ta nd i ng t h i s  r e s u l t ,  i t  

s e e ms t ha t  t h e  wo o l  g r o w t h  r hy t h m  d i s p l a ye d  b y  M e r i n o s  i s  

mo r e  s e ns i t i ve t o  n u t r i t i o n  t ha n  t h e  r hy t h ms o f  o t h e r  b r e e d s  

i n  wh i c h a l t e r e d a n n u a l i nt a k e  pa t t e r ns d o  n o t  r e move o r  

r e ve r s e  t he n o r ma l  pa t t e r n  o f  wo o l  g r o wt h  ( Co o p , 1 9 5 3 ;  

W i l d ma n ,  1 9 5 7 ;  S t o r y  a nd R o s s , 1 9 6 0 ;  D o n e y  a n d  S m i t h ,  

1 9 6 la ;  S l e e  a n d  Ca r t e r ,  1 9 6 1 ;  Be n n e t t  e t  a l . ,  1 9 6 2a , b ;  

W i l l i a ms ,  1 9 6 4 ;  H u t c h i ns o n  1 9 6 5 ;  R o s s  1 9 6 5 ;  D o n e y  1 9 6 6 ; 

D o n e y  a nd E a d i e  1 9 6 7 ;  D o n e y  a nd Eva ns , 1 9 6 8 ;  1 9 7 0 ) . 

R yd e r  ( 1 9 5 6 ) c o n c l ud e d  t h a t  t h e  s t i mu l u s f o r f i br e  s he d d i n g  

i s  s e a s o n a l r a t h e r  t ha n  n u t r i t i o na l i n  Ma s ha m  s h e e p  

a l t h o u g h  L yn e  ( 1 9 6 4 ) wa s  a b l e  t o  i n c r e a s e  s he d d i ng i n  

M e r i n o s  f ed a p o o r  d i e t . S l e e  ( 1 9 6 5 ) s h o we d  t ha t  a l t h o ug h  

p o o r  n u t r i t i o n c o u l d i mp e d e  s he d d i ng i n  W i l t s h i r e H o r n s , 

a d e q u a t e  n u t r i t i o n  me r e l y  a l l o we d s he d d i n g t o  p r o c e e d  u nd e r  

t h e  i n f l ue nc e  o f  o t h e r  f a c t o r s . 

Ar n o l d  e t  a l .  ( 1 9 6 4 ) a nd S umne r  a nd W i c k ha m  ( 1 9 6 9 ) f o u n d  

t h a t  h i gh e r  s t o c k i ng r a t e s  a c c e n t u a t e d  t h e  r hy t hm o f  wo o l  

g r o wt h  t h r o ug h  a g r e a t e r  a nd p r o l o n g e d  w i n t e r  d e p r e s s i o n . 

P r e gn a n c y  a nd l a c t a t i o n ,  t h r o u g h  t h e i r  h i gh n u t r i t i ve 

d e ma nd s  a nd d r a i n s o n  b o d y  r e s e r ve s , a l s o  r e d u c e  w i n t e r  

wo o l  g r o w t h  f u r t h e r  a nd p o s t p o n e  t h e  r i s e  i n  s p r i ng ( C o o p , 

1 9 5 3 ;  S l e n  a nd Wh i t i ng ,  1 9 5 6 ; S t o r y  a nd R o s s ,  1 9 6 0 ;  S t e wa r t  

e t  a l . ,  1 9 6 1 ;  R o s s , 1 9 6 5 ;  H a wk e r  a nd K e n n e d y ,  1 9 7 �) .  T h e  

e f f e c t  i s  g r e a t e r  i n  e we s  b e a r i n g mo r e  t h a n  o n e  o f f s p r i n g 

( S l e n  a nd Wh i t i n g ,  1 9 5 6 ;  R os s ,  1 9 6 5 ) 

T h a t  t h e  a n n u a l r h y t h m  o f  wo o l  g r o w t h  i n  ma n y  b r e ed s  i s  n o t  
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r e mo v e d  b y  c o n s t a n t  f e ed i n g ,  o r  f e e d i ng t o  e q ua l b o d y  

we i g h t , i nd i ca t e s  i t s c o n t r o l  b y  n o n - n u t r i t i o n a l  f a c t o r s . 

N u t r i t i o n mod i f i e s  t h e  i n h e r e n t  pa t t e r n  e s t a b l i s h e d  b y  o t h e r  

e nv i r o nme n t a l a nd p hy s i o l o g i ca l  f a c t o r s . 

5 . 1 . 1 . 4  T e mp e r a t u r e  

F e r gu s o n  e t  a l . ( 1 9 4 9 ) s t ud i e d  t h e  wo o l  g r owt h r a t e  o f  

Camd e n  P a r k  Me r i n o s  a nd C o r r i e d a l e s  g i ve n  a c o n s t a n t  i n t a k e  

o f  a u n i f o r m  d i e t  a nd f o u n d  a p o s i t i ve a s s o c i a t i o n b e t we e n  

e nv i r o nme n t a l a i r  t e mp e r a t u r e  a nd f i b r e  l e ng t h  g r o wt h  r a t e . 

T h e y  s ug ge s t e d  t ha t  va s od i l a t i o n c a u s e d  i nc r e a s e d  b l o od f l o w  

t o  t h e  s k i n  wh i c h  i nc r e a s e d  wo o l  g r o w t h  i n  wa r me r  

t empe r a t u r e s . F e r g u s o n  ( 1 9 4 9 ) i n  a n  e xt e ns i o n o f  t h i s  i d e a , 

pe r f o r me d u n i l a t e r a l t h o r a c i c  s ympa t he c t om i e s  o n  s h e e p  t o  

d e s t r oy t he va s o c o n s t r i c t i o n r e s p o n s e . I nc r e a s e d  wo o l  

g r o wt h  o n  t h e  o p e r a t ed s i d e  wa s e l i c i t e d  f o r  u p  t o  1 0  we e k s . 

C o o p  ( 1 9 5 3 ) a n d  C o o p  a nd H a r t  ( 1 9 5 3 ) ,  a l s o  u s i ng e we s  o n  

c o n t r o l l e d  f e e d i ng ,  f o u n d  t ha t  s e a s o na l  c ha n g e s  i n  l e ng t h  

a n d  d i a me t e r  we r e  n o t  a f f e c t e d  b y  k e e p i ng e we s  i n  a r o o m  

1 3 oF a b o v e  o u t s i d e  t e mp e r a t ur e  d u r i ng w i n t e r . T h e y  d i d n o t e 

t he c o r r e l a t i o n b e t we e n  o u t s i d e  t empe r a t u r e  a nd d a y l e n g t h  a s  

a p o s s i b l e  f o r c e  b e h i nd s e a s o na l va r i a t i o n i n  wo o l  g r o wt h . 

Wod z i ck a  ( 1 9 6 0 ) s u p p o r t e d t he r e s u l t  o f  F e r g u s o n  e t  a l . 

( 1 9 4 9 ) i n  t h e  a b s e nc e  o f  a d e mo n s t r a t i ve e f f e c t  o f  

p h o t o p e r i od i n  h e r  e x pe r i me n t . M or r i s  ( 1 9 6 1 ) r e ve r s e d t h e 

a n n u a l t e mp e r a t u r e  c yc l e  a nd f o u n d  n o  e f f e c t  o n  t he wo o l  

g r o w t h cyc l e  i n  R om n e y  Ma r s h  s h e e p . B e nn e t t  e t  a l . ( 1 9 6 2  

a , b ) , u s i ng S o u t hd o wn s  a nd Me r i n o s , f o u nd n o  o bv i o u s  e f f e c t s  

o f  t e mp e r a t u r e  o n  wo o l  g r o wt h ,  p r o v i d i n g t ha t  t h e  s h e e p  h a d  

a d e q ua t e wo o l  c o ve r . 

A l t h o u g h  wo o l  g r o wt h  i s  n o t  u nd e r  t h e  c o n t r o l  o f  

t e mp e r a t u r e , s o me l oc a l e f f e c t s o f  t e mpe r a t u r e , a s  

e v i d e nc e d  o n  f r e q u e n t l y  c l i pp e d  p a t c he s ,  ma y e x i s t . 
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D i f f e r i n g wo o l  g r o wt h  o n  c l i p p e d  pa t c h e s  e x p o s e d  t o  na t u r a l  

o r  i nd u c e d  c o l d  c o n d i t i o n s  ( B e n n e t t  e t  a l . ,  1 9 6 2 ;  Wod z i c k a -

T o ma s e ws k a , 1 9 6 6 ;  D o n e y  a nd G r i f f i t h s , 1 9 6 7 ;  Wod z i c k a -

T o ma s e ws k a a nd B i g h a m ,  1 9 6 8 ;  D o wn e s  a nd H u t c h i ns o n ,  1 9 6 9 ; 

L yn e  e t  a l . ,  1 9 7 0 ) we r e  d u e t o  a s h o r t  t e r m  r e d uc t i o n i n  

l e n g t h  g r owt h r a t e  wh i l e f i br e  d i a me t e r  wa s l a r ge l y  

u na f f e c t e d . I n  mo s t  o f  t h e s e  s t ud i e s  t h e  s u r r o u n d i n g p i l e  

wa s k e pt s h o r t  o f f e r i ng m i n i ma l  p r o t e c t i o n t o  t h e  c l i pp e d  

p a t c h . S ha r k e y e t  a l . ( 1 9 6 2 ) o f f e r e d n o  e x p l a na t i o n a s  t o  

why t h e  a ve r a g e  d i a me t e r  o f  c l i pp e d  s a mp l e s wa s 2 m i c r o n s  

g r e a t e r  t h a n  a d j a c e n t  l o n g  s t a p l e s  i n  C o r r i e da l e s . R ud a l l  

( 1 9 3 3 ) n o t e d  i nc r e a s e  h a i r n e s s  a f t e r  s he a r i n g i n  R omne y  

l a mbs wh i c h  a p pe a r e d  t o  b e  l i n k e d  t o  l o c a l t e mpe r a t u r e  

e f f e c t s . 

C o o p  ( 1 9 5 3 ) f o u n d  n o  d i f f e r e n c e  b e t we e n  a d j a c e n t  pa t c h e s  

c l i p p e d  e i t h e r e v e r y  mo n t h  o r  e ve r y  3 mo n t h s . D o wn e s a nd 

L y n e  ( 1 9 6 1 ) ,  u s i ng r ad i o g r a p h i c  t e c h n i q u e s ,  s h owe d t h a t  

c l i p p i ng p e r  s e . h a d  n o  e f f e c t  o nc e  t e mp e r a t u r e  e f f e c t s  

we r e  m i n i m i z e d . O t h e r  r e s e a r c h e r s  h a v e  f o u n d  n o  e f f e c t  o f  

f r e q u e n t  c l i p p i n g o n  wo o l  g r o wt h  ( D o n e y  a nd S m i t h ,  1 9 6 la ; 

B i g h a m  1 9 7 4 ) o r  i n  b l o od f l o w t o  t h e  s k i n  ( S e t c h e l l  a nd 

Wa i t e s , 1 9 6 5 ) . B i g h a m  d o e s  n o t  c o mme n t  o n  t h e  c o n t r ad i c t i o n 

o f  h i s  ( 1 9 7 4 ) r e s u l t s  w i t h  t h o s e  o f  a n  e a r l i e r  s t ud y  

( Wod z i c k a -T o ma s e ws k a  a nd B i g h a m  1 9 6 8 ) .  T h e  e a r l i e r  s t ud y  

wa s d o n e  i nd o o r s  u n d e r  c o n s t a n t  f e e d i n g ,  whe r e a s  t h e  l a t e r  

wo r k  wa s d o n e  o u t d o o r s  u nd e r  f r e e  g r a z i n g c o nd i t i o n s . 

U nd e r  a d  l i b i t um f e e d i ng ,  s h e e p  a r e  a b l e  t o  ma i n t a i n  

t he r mo n e u t ra l i t y  by i nc r e a s i ng i n t a k e  a f t e r  s he a r i n g . 

L o c o m o t i o n a l s o  h e l ps t o  ma i n t a i n  d e e p  b o d y  a nd p e r i p h e r a l 

t i s s u e t e mp e r a t u r e . 

5 . 1 . 1 . 5  P h o t o pe r i od 

E a r l y  wo r k  e s ta b l i s h e d  t h a t  d a y l e n g t h  r e g u l a t e d  s e a s o na l  

s h e d d i ng a nd c o a t c h a n g e s i n  t he f e r r e t  ( B i s o ne t t e 1 9 3 5 )  a nd 

o t h e r  ma mma l s  s u c h  a s  t he s i l ve r  f o x ,  m i n k , we a s e l  a nd 
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h o r s e  ( B i s o ne t t e  a nd W i l s o n  1 9 3 9 , Ba s s e t t  e t  a l . 1 9 4 4 ,  

B i s o n e t t e  a nd B a i l e y  1 9 4 4 ,  B u r k ha r d t  1 9 4 7 ,  H a mm o n d  1 9 5 1 , 1 9 5 2 

1 9 5 3 ) . Y e a t e s  ( 1 9 5 4 a , b )  r e v i e we d  muc h o f  t h i s  e a r l y  wo r k  

a n d  i n  l a t e r  e x pe r i me n t s  ( Y e a t e s  1 9 5 5 , 1 9 5 7 ) s h o we d  t h a t  

mo u l t i n g cyc l e s  i n  c a t t l e we r e  a s s o c i a t e d w i t h  d a y l e n g t h . 

I n  s he e p ,  a s  me n t i o n e d p r e v i o u s l y ,  C o o p  a nd H a r t  c o o p e r a t e d  

o n  o n e  o f  t h e  f i r s t  wo o l  g r o wt h  a nd p h o t o pe r i od 

e x pe r i me n t s . A n u mb e r  o f  r e p o r t s  we r e  p u b l i s he d  ( Ha r t  1 9 5 3 ;  

C o o p  1 9 5 3 ;  C o o p  a nd H a r t  1 9 5 3 ) s h o w i n g  t h a t  we t C o r r i e d a l e  

e we s  e xp o s e d  t o  8 h o u r s  o f  l i gh t  ( L ) : 1 6 h o u r s  o f  d a r k  ( D )  

g r e w  mo r e  wo o l  i n  w i n t e r  a nd s p r i ng t h a n e we s  u nd e r  n a t u r a l  

l i g h t  o n  a s i m i l a r  d i e t . T h e  r hyt h m  o f  wo o l  g r o w t h  i n  t h e  

c o n s t a n t d ay l e n g t h  g r o u p  pe r s i s t e d  f o r  o ve r 2 ye a r s . 

As s um i n g  t ha t  t h e  e ye wa s t he r e c e p t i ve o r ga n ,  H a r t  ( 1 9 5 5 )  

h o o d e d  s he e p  f o r  a p e r i od o f  t wo ye a r s . T h e  a n i ma l s  we r e  

s t i l l  s u b j e c t e d  t o  t he a n n u a l t e mpe r a t u r e  r hy t h m  b u t  t h e  

r hy t h m  o f  wo o l  g r o wt h  d i s s a p p e a r e d  a f t e r 1 . 5  ye a r s . 

W i l d ma n ( 1 9 5 7 ) s u b j e c t e d  r a ms a nd we t h e r s  t o  a n  8 L : 1 6 D 

c o ns t a n t  r e g i me f o r  a bo u t  2 yea r s  a nd f o u nd i nc r e a s e d  

p r od u c t i o n i n  a l l  s e a s o n s , wh i ch i s  i n  c o n t r a s t  t o  p r e v i o us 

a nd s u b s e q u e n t  wo r k  b y  o t h e r s . Mo r r i s  ( 1 9 6 1 ) wa s a b l e  t o  

r e ve r s e  t h e  a nn u a l c y c l e  o f  wo o l  g r o wt h by a c c e n t ua t i ng a nd 

r e ve r s i ng d a y l e ng t h .  T h e  a mp l i t u d e  o f  s e a s o na l wo o l  g r o wt h  

wa s i n c r e a s ed i n  t h e  a c c e n t ua t e d c yc l e . T h e  f a c t  t h a t  2 

ye a r s  we r e  r e q u i r e d  t o  r e ve r s e  t h e  r h y t h m  wa s u s e d  t o  

e x p l a i n  t h e  f a i l u r e  o f  Wod z i ck a  ( 1 9 6 0 ) t o  a l t e r  wo o l  g r o w t h 

d u r i n g 1 2  mo n t hs o f  c o n s t a n t  d a y l e n g t h . 

I n  a n  e x t e n s i o n o f  h i s  e a r l i e r  wo r k ,  Ha r t  ( 1 9 6 1 ) i nc l ud e d  

d r y  e we s  i n  t h e  8 L : l 6 D  g r o u p ,  h o o d e d  e we s ,  e we s  u nd e r  

c o n t i n u ous l i g h t  a n d  e we s  o n  a 2 L : 4 D cyc l e . C o n t i nu o u s  

l i g h t , s u pp l i e d b y  a r t i f i c i a l  l i g h t i n g ,  h a d  n o  e f f e c t  o n  t h e  

wo o l  g r owth r hy t h m ,  s u g g e s t i n g t h a t  s h e e p c o u l d  d i s t i n q u i s h 

b e t we e n  l i g h t  o f  va r y i n g  i n t e ns i t y .  Fa i l u r e  t o  p r o v i d e  

a d e q ua t e  i nt e n s i ty o f  l i g h t  may a l s o  have c a u s e d  m i s l e a d i ng 
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r e s u l t s  i n  o t h e r s t ud i e s . T h e  l a t e n t  p e r i od o f  r e s p o n s e  t o  

o t h e r  t r e a t me n t s  wa s 3 - 5  mo n t h s a nd e we s  o n  t h e  2 L : 4 D 

s c h e d u l e  r e s p o nd e d  q u i c k e r  t h a n  t h o s e  o n  8 L : l 6 D ,  e ve n  t h o u g h  

b o t h  g r o u p s  r e c e i ve d  e qu a l d a i l y h o u r s  o f  l i gh t  a nd d a r k . 

H a r t  ( 1 9 6 1 ) s ug g e s t e d  t ha t  t h e  t hyr o i d  g l a nd ma y b e  i nv o l ve d  

i n  t h e  r e g u l a t i o n o f  wo o l  g r o wt h . O t h e r wo r k e r s  ( Be nn e t t  e t  

a l . 1 9 6 2  a , b ; Ha r t  e t  a l . 1 9 6 3 ;  W i l l i ams 1 9 6 4 ,  H u t c h i ns o n  

1 9 6 5 ) c o n f i r me d  t h e  r e s po n s e  o f  wo o l  g r o wt h  t o  p h o t o pe r i od i c  

c h a n g e s . D i f f e r e nc e s  i n  l i g h t  i n t e ns i t y we r e  be l i e ve d  t o  

a f f e c t  t h e  s ha p e  o f  t h e  a t t a i n e d  c u r ve a nd t h e  i mme d i a c y  o f  

i t s e s t a b l i s h me n t . 

R o u g e o t  ( 1 9 5 7 , 1 9 6 1 ) s h owed t h a t  t he s he d d i n g a nd g r o w t h 

c yc l e s  o f  t h e  k e mp f o l l i c l e s  o f  L i mo u s i ne s h e e p  c o u l d  b e  

r e a d i l y c o n t r o l l e d  b y  d a y l e ng t h .  R e v i e ws o f  p h o t o p e r i od i c 

e f f e c t s  o n  wo o l  g r o w t h  a nd s he d d i ng a r e  g i ve n  b y  H u t c h i ns o n  

( 1 9 6 5 ; 1 9 7 6 ) ,  R yd e r  a nd S t e ph e n s o n  ( 1 9 6 8 ) ,  Na g or� a ( 1 9 7 9 ) a nd 

P a na r e t t o  ( 1 9 7 9 ) .  

M o r e  r e c e n t l � R yd e r  a nd L i n c o l n  ( 1 9 7 6 ) s t ud i e d t he e f f e c t  o f  

a l t e r na t i ng p e r i od s  o f  s h o r t  ( 8 L : l 6 D )  a nd l o n g  ( 1 6 L : 8 D )  

d a ys o n  f l e e c e  g r o w t h  a nd s h e d d i n g i n  S oa y  s h e e p . D e l a ys 

i n  r e s p o n s e  we r e  2 - 3  mo n t h s a f t e r c h a n g i ng d a y l e ng t h . E i gh t  

t o  1 2  we e k s  o f  l o n g  d a ys wa s s u f f i c i e n t  t o  a c t i va t e  

f o l l i c l e s  i n  a l l  a n i ma l s ,  wh e r e a s  4 we e k s  e x p o s u r e  t o  s h o r t  

d a ys wa s e n o u g h  t o  r ed uc e  f o l l i c u l a r  a c t i v i t y .  L i nc o l n  e t  

a l . ( 1 9 8 0 ) f o u nd b o t h  wo o l  a nd h o r n  g r o wt h  i n  t h i s  b r e ed t o  

b e  u n d e r  p h o t o p e r i od i c  c o n t r o l . K a y  a nd Ryd e r  ( 1 9 7 8 ) we r e  

a b l e  t o  e l i c i t  a t w i ce a n n ua l s h e d d i ng a nd r e g r owt h  o f  h a i r  

i n  R e d  d e e r  e x p o s e d  t o  a s i x  mo n t h  c yc l e  o f  d a y  l e n g t h . 

S h o r t e n i n g o f  t h e  c yc l e wa s wh o l l y b r o u g h t  a b o u t  b y  r e d u c i ng 

t h e  r e t e n t i o n t i me o f  t h e  ma t u r e  c o a t . 

I t  h a s  b e e n  we l l  d e mo ns t r a t e d , b o t h  i n  s h e e p  a nd i n  o t h e r  

ma mma l s  t ha t  p h o t o p e r i od i s  t h e  c e n t r a l  r e g u l a t o r  o f  wo o l  

a nd h a i r  g r o wt h . T h e  r e s p o n s e s  t o  a c ha ng e  i n  p h o t o pe r i od 

a r e  n o t  i mmed i a t e  a nd g e n e t i c  d i f f e r e nc e s  b e t we e n  a n i ma l s  
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c a n  a l t e r  t he e x p r e s s i v i t y o f  t h e  wo o l  g r o wt h  r h yt h m . t h e  

i n t e r pr e t a t i o n o f  l i g h t  r hyt hms a nd t h e i r  e f f e c t s  o n  t he 

e nd o c r i ne s ys t e m  a r e  d i s c u s s ed i n  S e c t i o n s 5 . 3 a nd S . 4 .  

T h e  e f f e c t  o f  i nd i v i d ua l  h o r mo n e s  o n  wo o l  g r owt h i s  

d i s c u s s e d l a t e r . 

5 . 1 . 2  H a i r  a nd wo o l  g r owt h c yc l e s  

5 . 1 . 2 . 1  S he d d i n g 

S e ve r a l f o r ms o f  h a i r  g r o wt h c yc l e  e x i s t . Ma n y  f u r  b e a r i ng 

a n i ma l s  a nd u n g u l a t e s  s uc h  a s  d e e r , c a t t l e a nd p r i m i t i ve 

s h e e p  u n d e r g o  a c omp l e t e  mo u l t  e i t h e r  o n c e  a ye a r  ( i n 

s p r i ng )  o r  t w i c e  a ye a r  ( i n s p r i ng a nd a u t umn ) . R yd e r  a nd 

S t e ph e n s o n  ( 1 9 6 8 ) h a ve d i s c u s s e d  t h e s e  mo u l t i n g c yc l e s  i n  

s ome d e ta i l . A l t h o u g h  mo s t  b r e ed s  o f  s he e p  d o  n o t  h a ve a 

d e f i n i t e mo u l t ,  ma n y  s h e e p  d o  s h o w  a pp r e c i a b l e  s he d d i ng ,  

e i t h e r o f  wo o l  o r  k e mp f i b r e s . 

I n  d ome s t i c  b r e e d s , t he p r o p o r t i o n o f  f i br e s  u n d e r g o i ng 

r e p l a c e me n t i s  l o we r a nd s p r e ad o ve r  a l o ng e r  t i me t h a n  i n  

w i l d  s h e e p  a nd s o  n o  d e f i n i t e mou l t  i s  a p pa r e n t . 

D i f f e r e nc e s  i n  s he d d i ng be t we e n  b r e e d s  i s  pa r t i a l l y d u e  t o  

d i f f e r i ng p r o p o r t i o n s  o f  t he ma i n  f i br e  t yp e s . S e a s o na l 

c ha n g e s  i n  t he r a t e  o f  wo o l  g r o wt h  r e p r e s e n t  a l e s s  d r a ma t i c  

ma n i f e s t a t i o n o f  a n c i e n t  s he d d i ng c yc l e s  ( H u t c h i n s o n  a nd 

Wod z i c k a  - T o ma s e ws k a  1 9 6 2 ,  H u t c h i ns o n  1 9 6 5 , 1 9 7 6 ;  R yd e r  a nd 

S t e ph e n s o n  1 9 6 8 ) . Ma r g o l e na ( 1 9 6 0 ) r e l a t e d  r e d u c e d  w i nt e r  

wo o l  g r o w t h  t o  a r e d u c t i o n i n  t h e  r a t e  o f  c e l l  d i v i s i o n i n  

t he f o l l i c l e  b u l b .  

5 . 1 . 2 . 2  Na t u r a l  a d a p t i o n 

J o h n s o n  ( 1 9 8 4 ) ,  a mo n g  o t h e r s , h a s  r e v i e we d  t h e  a d a p t i ve 

n a t u r e  o f  s e a s o na l c o a t  c ha n g e s  i n  ma mma l s . I n  w i l d  

a n i ma l s ,  t h e  mo s t  d r a ma t i c  s e a s o na l c ha ng e s i n  p e 1 a g e  

i nv o l ve a c ha n g e  o f  c o l o u r  wh i c h  a i d s  i n  b o t h  t e mp e r a t u r e  
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r e g u l a t i o n a nd p r o t e c t i ve c a mo u f l a ge . Whe t h e r  o r  n o t  a 

c o l o u r  c h a n g e  o c c u r s ,  s e a s o n a l mo u l t i n g p r o d u c e s  c oa t s  o f  

v a r y i n g  d e n s i t y a nd s t r u c t u r e  wh i c h  a r e  a d a p t e d  t o  t h e  

e nv i r o nme n t . D o me s t i ca t i o n t e nd s  t o  d i s e n g a g e  t h e  s e a s o na l ,  

h o r mo na l a nd mo u l t  c yc l e s . I n  t he e x t r e me c a s e  o f  

l a b o r a t o r y  r od e n t s  t h e r e  i s  n o  s e a s o na l  mo u l t  a nd n o  

s e a s o na l  c h a n g e s  i n  t h e  e nd o c r i ne s ys t e m  a l t h o ug h  h a i r  

g r o w t h c a n  s t i l l  b e  i n f l u e nc e d  b y  h o r mo ne s . 

I n  b r e e d s  o f  s h e e p  wh i c h  u nd e r g o  a n n ua l s h e d d i ng o f  t h e  

e n t i r e  f l e e c e  s u c h  a s  t h e  M o u f l o n  ( Ryd e r  1 9 6 0 ) ,  t he 

W i l t s h i r e H o r n  ( S l e e  1 9 6 3 , 1 9 6 5 ;  R yd e r  1 9 6 9 , 1 9 7 3 ) ,  t h e  

S h e t l a nd ( Ryd e r  a nd S t e ph e n s o n  ( 1 9 6 8 ) a nd t h e  S oa y  ( B o yd e t  

a l . 1 9 6 4 ,  R yd e r  a nd S t e p h e n s o n  1 9 6 8 ;  Ryd e r  1 9 7 1 ;  R yd e r  a nd 

L i nc o l n  1 9 7 6 ) ,  t h e  mo u l t  p r o g r e s s e s  i n  s u c h  a wa y a s  t o  

n e v e r  l e a ve t h e  a n i ma l  w i t h o u t  p r o t e c t i ve c o ve r i ng .  

P r e v i o u s l y  d ome s t i ca t e d  p o p u l a t i o n s  o f  s h e e p  wh i c h b e c ome 

f e r a l d i f f e r  f r o m  t h e i r  pa r e n t s t o c k s  i n  ma n y  a s p e c t s  o f  

wo o l  p r od u c t i o n . F l e e c e  we i g h t s , f o l l i c l e  d e n s i ty a n d  

s e c o n d a r y : p r i ma r y  ( S : P )  r a t i o  a nd s t a p l e  l e n g t h  a r e  r e d u c e d  

i n  f e r a l  p o pu l a t i o n s . T o  a l e s s e r  e x t e n t , s e l f- s h e d d i ng i s  

a l s o  o f t e n  r e - e s ta b l i s he d  ( R u d g e , 1 9 8 4 ;  B i g ham a nd C o c k r e m ,  

1 9 8 4 ) .  

T h e  a d a p t i ve a d va n t a g e  o f  f l e e c e  s h e d d i n g i n  s pr i ng c o u l d  b e  

r e l a t e d t o  t h e r ma l  r e g u l a t i o n o r  t o  t h e a d va n t a g e s  o f  n o t  

c a r r y i ng a n  e ve r - i nc r e a s i n g a mo u n t  o f  wo o l  wh i ch wou l d  

a b s o r b  l a r ge a mo u n t s  o f  wa t e r ,  r e d u c e  f r e e d o m o f  mo v e me n t  

a nd b e  a r i s k t o  s k i n  h e a l t h  a nd b e  a phys i ca l  ba r r i e r  t o  

b r e e d i ng .  H u t c h i n s o n  a nd Wod z i c k a - T oma s e ws k a ( 1 9 6 1 )  h a v e  

r e v i e we d  t h e  f u n c t i o n i n g o f  t h e  f l e e c e  i n  t h e r ma l  

r e g u l a t i o n . 

5 . 1 . 2 . 3  B r e e d  f o r ma t i o n 

R yd e r  a nd S t e ph e n s o n  ( 1 9 6 8 ) a nd R yd e r  ( 1 9 8 4 ) d i s c u s s e d  t h e  
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e vo l u t i o n a nd d o me s t i ca t i o n  o f  s h e e p  w i t h  r e f e r e n c e  t o  

g e ne t i c v a r i a t i o n i n  ha i r  a nd wo o l  g r owt h cyc l e s . E v o l u t i o n 

i n  s he e p ,  wh i c h  h a s  b e e n  e n g i ne e r e d  b y  ma n t h r o u g h  s e l e c t i ve 

b r e e d i ng ,  h a s  c ha n g e d  o n l y  t h e  pa r t  o f  t h e  s h e e p ' s  c oa t  

wh i c h  i s  va l ua b l e  t o  h i m ;  wh e r e a s , t h e  r e s t  o f t e n  c o n t i n u e s  

w i t h  s he d d i ng c yc l e s . T h e  r e l a t i ve e mp h a s i s  p l a c e d  o n  me a t , 

wo o l  a nd c l i ma t i c  a d a p ta t i o n d u r i n g b r e e d  f o r ma t i o n ,  a nd 

s u b s e q u e n t  s e l e c t i o n ,  h a s  a l s o  a l t e r e d  t h e  r e s p o n s i ve n e s s  o f  

s he e p  t o  c l i ma t i c  a nd e n v i r o n me n t a l s t i mu l i  a nd t h e  

p r o p o r t i o n o f  p r i ma r y  a nd s e c o n d a r y  f o l l i c l e s  i n  t he s k i n . 

R yd e r  ( 1 9 6 0 ) s t ud i e d  t h e  s e a s o na l  c h a n g e s i n  t h e  c oa t  o f  

w i l d  M o u f l o n  s h e e p  f r o m wh o m  mo s t  d o me s t i c  s h e e p  a r e  

t h o u g h t  t o  ha ve b e e n  d e r i ve d . A l t h o ug h  t h e  e n t i r e  f l e e c e  

wa s s h e d  i n  s pr i ng o n l y  4 0 - 6 0 %  o f  t h e  s e c o nd a r y  f i br e s  

s h owe d b r u s h  e nd s  a t  t h i s  t i me .  T h i s  i nd i ca t ed t ha t  t h e  

u n d e r wo o l  o f  w i l d  s h e e p  a l r e a d y  s h o we d  a t e nd e n c y  t owa r d s  a 

g r o wt h  p h a s e  l o n g e r t h a n  o n e  ye a r . T h e  o u t e r  k e mps 

( c o r r e s p o n d i ng t o  p r i ma r i e s ) f o r me d  b r u s h  e nd s  i n  t h e  a u t u mn 

wh i c h  we r e  s he d  t he f o l l o w i n g  s p r i ng a s  f o l l i c u l a r  a c t i v i t y 

r e s ume d . S i m i l a r  p a t t e r ns o c c u r  i n  B r i t i s h  b r e e d s  wh i c h 

s he d  t h e i r  f l e e c e . D o me s t i ca t i o n pe r s e  h a s  n o t  a l wa ys 

a l t e r e d  t h i s  a n c i e n t  c yc l e ,  a s  s h e d d i ng r e l i e v e s t he n e e d  

t o  s he a r  s h e e p  a nd f i n e  u nd e r wo o l  c a n  e a s i l y b e  h a r ve s t e d  

b y  h a n d  i n  e a r l y s p r i ng ,  b e f o r e  p r i ma r y  f i br e s  a r e  s he d  

( Ryd e r  a n d  S t e p h e n s o n  1 9 6 8 ) . 

T h e  e x t e n t  o f  f i br e  s he d d i ng i n  a va r i e ty o f  Br i t i s h  b r e e d s  

h a s  be e n  r e v i e we d  b y  R yd e r  ( 1 9 5 7 , 1 9 5 8 ) a nd Ryd e r  a nd 

S t e ph e n s o n  ( 1 9 6 8 ) .  I n  h i l l  b r e ed s  s u c h  a s  t h e  S c o t t i s h  

B l a c k f a c e  a nd t h e  H e r d w i c k , s he d d i n g o f  b o t h  p r i ma r y  a nd 

s e c o nd a r y  f i br e s  r e a c h e d  a s  h i g h a s  6 0 % i n  l a t e  w i n t e r . 

D o wn b r e e d s  s uc h  a s  t he S u f f o l k  a nd S h r o ps h i r e a l s o  had 

r e l a t i ve l y h i g h  ( 3 0 - 8 4 % ) p r o p o r t i o n s  o f  s h ed f i b r e s . L e s s  

s he d d i n g s e e ms t o  o c c u r  a mo n g s t L o ngwo o l  b r e e d s , b u t  

e v i d e nc e  i s  l i m i t e d . I n  Me r i n o s , f i b r e  s h e d d i n g i s  

e x t r e me l y r a r e  ( 1 % )  ( Ryd e r ,  1 9 6 2 ) i nd i c a t i n g a g r o wt h  c yc l e  
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o f  a b o u t  8 ye a r s . 

5 . 1 . 2 . 4  B r e e d  d i f f e r e n c e s  i n  s e a s o na l i ty o f  wo o l  g r o w t h  

F r om t h e  a b o ve e v i d e nc e , i t  wo u l d a p p e a r  t ha t  wh e r e  

c ha r a c t e r i s t i c s o t h e r  t h a n  wo o l  h a v e  be e n  f a vo u r e d  i n  b r e e d  

f o r ma t i o n  t he r e  i s  a g r e a t e r p e r s i s t e n c e  o f  s he d d i ng . 

B r e e d s  t ha t  s he d  t h e  mo s t  a l s o  s h o w  t h e  g r e a t e s t  s e a s o na l 

va r i a t i o n  i n  wo o l  g r o wt h . N a g o� k a  ( 1 9 7 9 ) s umma r i z e d  

s e a s o na l va r i a t i o n i n  wo o l  g r owt h d i s p l ayed by a n u mb e r o f  

b r e e d s  i n  va r i o u s  l o ca t i o n s  wh e r e  t h e a mo u n t  o f  f o od ,  o r  

l i ve we i g h t , had r e ma i ne d  c o n s t a n t  t h r o u g h o u t  t he ye a r . T h e  

u n i t  o f  c ompa r i s o n  wa s a mp l i t ud e , d e f i n e d  b y  H u t c h i n s o n  a nd 

Wod z i c k a - To ma s e ws k a  ( 1 9 6 1 ) a s  ( H - L ) / ( ( H + L ) / 2 )  whe r e  H a n d  L 

a r e  t h e  h i gh e s t  a nd l o we s t  r a t e s  o f  wo o l  g r o wt h , 

r e s p e c t i ve l y .  

A l t h o u g h  t h e  Me r i n o a nd t h e  R a mb o u i l l e t  s h ow m i n i ma l  

s he d d i n g o f  f l e e c e  wo o l ,  l e g  k e mp s  d o  g o  t h r o u g h  a s h e d d i n g 

c yc l e  ( B e nn e t t  e t  a l . ,  1 9 6 2 a , b ) . F o r  t h i s  r e a s o n ,  

H u t c h i n s o n  ( 1 9 6 5 )  s ug g e s t e d  t h a t  t h e  t wo c yc l e s  ma y b e  u nd e r 

s e pa r a t e  c o n t r o l . 

T h e  e x i s t e nc e  o f  s e a s o n a l p a t t e r n s o f  c l e a n  wo o l  g r o wt h  i n  

t h e  a bs e nc e  o f  n u t r i t i o n a l o r  t e mpe r a t u r e  e f f e c t s  ha ve b e e n  

d e mo n s t r a t e d  i n  p r e v i o u s  s e c t i o n s . T h i s  v a r i a t i o n i s  d u e  t o  

c o n c o m i t a n t  c h a n g e s  i n  l e ng t h  a nd d i a me t e r ,  a l t h o ug h  

m i n i mu m  a nd ma x i mu m  t i me s f o r  l e ng t h  o f t e n  p r e c e d e  t h o s e  o f  

f i b r e  d i a me t e r  ( S t o r y  a nd R o s s, 1 9 6 0 ) .  S e a s o na l c ha ng e s 

a l s o  o c c u r  i n  t h e  p r o d uc t i o n o f  a s s o c i a t e d  s k i n  s e c r e t i o n s  

a nd i n  t h e  s u l p h u r  ( S )  c o n t e n t  o f  wo o l . I n  s o  muc h a s  S ­

c o nt e n t  a nd wa x a nd s u i n t p r o d u c t i o n a r e  u n d e r  g e n e t i c  

c o n t r o l ,  b r e e d c yc l e s  i n  c h e m i ca l c o m p o s i t i o n o f  t he g r e a s y  

f l e e c e  may r e f l e c t  d i f f e r e n t  r e s p o n s e s  t o  s e a s o n a l 

e n v i r o nme nt s . 

5 . 1 . 2 . 5  As s o c i a t e d  s e c r e t i o n s  
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B o t h  p r i ma r y  a nd s e c o nd a r y  f o l l i c l e s  h a v e  a s s o c i a t e d  

s e ba c e o u s  g l a nd s  t ha t  p r o d u c e  wo o l  wa x o r  g r e a s e ; h o we v e r ,  

s ud i f e r o u s  g l a nd s , wh i c h  p r o d u c e  s u i n t ,  a r e  o n l y  a s s o c i a t e d  

w i t h  p r i ma r y  f o l l i c l e s . Da l y  a nd Ca r t e r  ( 1 9 5 5 ) o bs e r ve d  i n  

f o u r  b r e e d s ,  t ha t  wa x a nd s u i n t p r o d u c t i o n i n c r e a s e d w i t h  

i n t a k e . F u r t h e r mo r e , wa x o u t p u t  d e c r e a s e d  a s  t e mp e r a t u r e  

r o s e  a nd s u i n t o u t p u t  i nc r e a s e d a s  t h e  f l e e c e  g r e w .  

S t o r y  a nd R o s s  ( 1 9 6 0 ) f o u n d  t h a t  wa x a n d  s u i n t c o n t e n t  o f  

mo n t h l y  c l i p p e d  s a mp l e s  f r om g r a z i ng R o mn e ys f o l l o we d  a 

s i m i l a r , a l t h o u g h  l e s s  ma r k e d , p a t t e r n  t o  wo o l  g r o wt h . 

T h i s  d i f f e r e nc e  i n  a mp l i t ud e  r e d u c e s  t h e  c l e a n  y i e l d o f  

w i n t e r  g r o wn wo o l  r e l a t i ve t o  t h a t  g r o wn i n  s umme r . T h e s e  

t r e nd s  ma y b e  d i f f i c u l t  t o  d e t e c t  i n  f i e l d s t ud i e s  u nd e r  

h i g h  r a i n f a l l  c o nd i t i o n s . H u t c h i ns o n ( 1 9 6 2 ) c o mp a r e d  wa x a nd 

s u i n t p r od uc t i o n b e t we e n  g r a z i ng a nd c o n s t a n t  d i e t  p e n - f e d  

M e r i n o s . I n  b o t h  g r o u p s  t he p r od uc t i o n o f  wa x a nd s u i n t 

f o l l o we d t ha t  o f  wo o l  g r o wt h ,  a l t h o u g h  s u i n t p r od uc t i o n d i d 

s o  t o  a l e s s e r  e x t e nt t ha n  wa x .  T h e  p r o d u c t i o n o f  s u i n t wa s 

p o s s i b l y  a f f e c t e d  mo r e  b y  t e mpe r a t u r e  t h a n  wa x p r o d uc t i o n . 

5 . 1 . 2 . 6  S u l p h u r  c o n t e n t  o f  wo o l  

E a r l y wo r k  o n  t h e  s u l p h u r  c o n t e n t  o f  wo o l  h a s  b e e n  r e v i e we d  

b y  R o s s  ( 1 9 6 1 c ) a nd R e i s  ( 1 9 6 5 ) . As e a r l y  a s  1 9 2 6 ,  t h e  

s u l p h u r  c o n t e n t  o f  va r i o u s  s a mp l e s  o f  c l e a n ,  d r y  wo o l  wa s 

f o un d  t o  va r y  b e t we e n  3 - 4 . 1 % ( Ba r r i t t a nd K i n g 1 9 2 6 , 1 9 2 9 ) .  

C h a n g e s  i n  s u l p h u r  c o n t e n t  a l o n g  t h e s t a p l e  we r e  r e l a t e d  t o  

t h e  a va i l a b i l i t y  a nd q ua l i t y o f  pa s t u r e  a nd m i n i ma l  c h a n g e s  

we r e  d i s p l a ye d  b y  s h e e p  o n  a c o n s t a n t  d i e t  ( B o n s ma ,  1 9 3 1 ) . 

O t h e r  wo r k e r s  ( Ma r s t o n ,  1 9 2 8 ;  F l e t c h e r  e t  a l . ,  1 9 6 3 ) f o u n d  

l i t t l e o r  n o  s e a s o n a l c ha n g e  i n  s u l p h u r  c o n t e n t  o f  wo o l .  

C o p pe r d e f i c i e nc y  wa s a l s o  r e l a t e d  t o  a r e d u c t i o n i n  t he 

s u l p h u r  c o n t e n t . 

L a t e r , R o s s  ( 1 9 6  f o u nd a s e a s o n a l r hy t h m  i n  wo o l  s u l ph u r  



4 5  

c o n t e n t  i n  f o u r - mo n t h l y  s a mp l e s  f r o m g r a z i n g R o mn e ys t h a t  

i nv e r s e l y  f o l l owe d t h e  s e a s o na l wo o l  p r o d u c t i o n .  I n  

a n o t h e r  s t ud y , ( R o s s , 1 9 6 4 )  t h e  s u l p h u r  c o n t e n t  wa s 

f r e q u e n t l y , b u t  n o t  i n v a r i a b l y ,  i nve r s e l y  r e l a t e d  t o  wo o l  

g r o wt h . R o s s  ( 1 9 6 4 ) c o nc l ud e d  t h a t  p r o n o u n c e d  i nd i v i d ua l  

d i f f e r e nc e s  i n  s u l ph u r  c o n t e n t  e x i s t e d  a nd t ha t  t h e  

a va i l a b i l i t y o f  s u l p h u r  wa s p r o ba b l y  n o t  a f a c t o r  l i m i t i ng 

p r od uc t i o n .  

R e i s  a nd S c h i nc k e l  ( 1 9 6 �,1 9 6 4 )  s h o we d  t ha t  wo o l  g r o w t h  a n d  

t h e  s u l p h u r  c o n t e n t  o f  wo o l  we r e  i nc r e a s e d  wi t h  a d d i t i o na l 

a b o ma s a l  s u pp l i e s o f  s u l ph u r - c o n t a i n i ng a m i n o  a c i d s . R e i s  

( 1 9 6 5 ) c o n f i r me d  t h i s  r e l a t i o n s h i p .  R e i s  a nd W i l l i a ms 

( 1 9 6 5 ) ,  a l s o  u s i n g M e r i n o s , s h o we d  t h a t  t he p o s i t i ve 

r e l a t i o n s h i p  b e t we e n  wo o l  g r o wt h  a nd wo o l  s u l p h u r  c o n t e n t  i n  

g r a z i n g s he e p  wa s r e l a t e d  t o  n u t r i t i o n a l ,  n o t  c l i ma t i c ,  

c yc l e s . T h e y a l s o  s ug g e s t e d  t ha t  t h e  s u l p h u r  c o n t e n t  o f  

wo o l  ma y h a ve a n  i n t r i n s i c  m i n i mu m ,  s u c h  t ha t  d i e t a r y  

d e f i c i e n c i e s  c o u l d  r e d u c e  wo o l  g r o wt h  f u r t h e r ,  w i t h o u t  

r e d u c i ng s u l ph u r  c o n t e n t  b e yo nd t h i s  m i n i mum . S u mn e r  ( 1 9 7 9 ) 

f o u nd a p o s i t i ve a s s o c i a t i o n b e t we e n  wo o l  g r o wt h ,  f i b r e  

d i a me t e r , a n d  s u l ph u r  c o n t e n t  i n  a va r i e t y  o f  b r e e d s  

ma i n t a i ne d  i nd o o r s  i n  l o n g t e r m  s t ud i e s . 

O t h e r s  h a ve c ompa r e d  t h e  s e a s o n a l c yc l e  o f  s u l p h u r  c o n t e n t  

i n  va r i o u s  b r e e d s  s ub j e c t e d  t o  a l t e r e d  n u t r i t i o n a l r e g i me s  

( R e i s a nd W i l l i a ms , 1 9 6 5 ;  P i pe r  a nd D o l l i ng7 1 9 6 6 ;  D o n e y  a nd 

E va n s , 1 9 6 8 , 1 9 7 0 ) . T h e s e  s t ud i e s  w i l l  b e  r e v i e we d  i n  t he 

f o l l o w i ng s e c t i o n .  

5 . 1 . 3  Ge n e t i c  d i f f e r e nc e s  i n  r e s po n s e t o  s e a s o na l a nd 
n u t r i t i o n a l c yc l e s . 

5 . 1 . 3 . 1  P h o t o p e r i od i c  s e n s i t i v i t y 

P h o t o p e r i od i c s e n s i t i v i t y p l a ys a s u bs t a n t i a l r o l e  i n  

p r od u c i ng wo o l  g r o w t h pa t t e r n s c h a r a c t e r i s t i c  o f  e a c h  

b r e e d . T h e  r e d u c e d  d e pe nd e nc e  o f  t h e  Me r i no c yc l e  h a s  b e e n  
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d e mo n s t r a t e d  e a r l i e r  a n d  i s  p e r ha p s a p r od uc t  o f  i t s 

me d i t e r r a n e a n  o r i g i n s a nd a d a p t a t i o n ( na t u r a l  o r  d i r e c t e d ) 

t o  s e a s o na l m i g r a t i o n  a nd a u t u mn l a mb i n g ( R yd e r  a nd 

S t e p h e n s o n  1 9 6 8 ) .  A l t h o u g h  o t h e r  e q ua t o r i a l  b r e e d s  s ha r e  

t h e  Me r i n o ' s  a b i l i t y t o  b r e e d  ye a r - r o u nd , l i t t l e i s  k n o wn o f  

t h e  wo o l  g r o wt h  c yc l e  i n  t h e s e  b r e e d s . 

T h e  n o r t h e r n  e x c e p t i o n  t o  s t r o n g l y  p h o t o pe r i od i c 

r e p r o d u c t i o n i s  t h e  D o r s e t  H o r n . N o  p ub l i s he d  e s t i ma t e s  o f  

i t s s e a s o na l  wo o l  g r o wt h  pa t t e r n  we r e  f o u nd . T h e  

d e v e l o pme n t  o f  a n  e x t e nd e d  b r e e d i ng s e a s o n ,  r e n o wn e d  a s  

e a r l y  a s  t he 1 7 0 0 ' s  ( R yd e r  a nd S t e p h e n s o n  1 9 6 8 ) i s  c u r i o u s  

g i ve n  i t s s u pp o se� c l o s e  a n c e s t r y  t o  t h e  S oa y . 

E v i d e n c e  f r om n o r t h e r n  a nd s o u t h e r n  s t r a i n s o f  wh i t e - f o o t e d 

m i c e  ( C o n n e c t i c u t  a nd Ge o r g i a ) s h owe d t h a t  me l a t o n i n ,  a 

p i ne a l i nd o l - a m i n e  i nv o l ve d  i n  p h o t o p e r i od i c r e g u l a t i o n ,  

h a d  l i t t l e  e f f e c t  o n  mo u l t i n g o r  r e pr o d uc t i ve pa t t e r ns i n  

t h e  s o u t h e r n  m i c e , b u t  wa s c a pa b l e  o f  i nd u c i ng mo u l t  t o  

w i nt e r  p e l a g e  a nd l o s s  o f  r e p r o d u c t i v e  c o mpe t e nc e  i n  t h e  

n o r t h e r n  m i c e  ( H e a t h  a nd L yn c h  1 9 8 2 ) .  I t  i s  p o s s i b l e  t h a t 

s i m i l a r  i nt r a - s pe c i f i c  d i f f e r e n c e s  i n  t h e  s e n s i t i v i ty o f  

t h e  e nd oc r i ne s ys t e m t o  me l a t o n i n  o c c u r  w i t h i n  o r  b e t we e n  

b r e e d s  o f  s h e e p ,  b u t  e x pe r i me n t s  t o  t h i s  e nd h a v e  n o t  b e e n  

r e p o r t e d . G e ne t i c d i f f e r e n c e s  i n  t h e  s e a s o na l  r e s p o n s e  o f  

wo o l  g r o wt h  t o  e nv i r o n me n t a l e f f e c t s  s e e m  t o  b e  r e l a t e d  t o  

t h e s e  d i f f e r e nc e s  i n  p h o t o pe r i od i c  s e n s i t i v i t y ,  a l t h o u g h  t he 

p r e c i s e me c ha n i s ms a r e  u nc l e a r . 

5 . 1 . 3 . 2  B r e e d  b y  s e a s o n  i n t e r a c t i o n s i n  r e s p o n s e  t o  
n u t r i t i o n a l e f f e c t s  

Wo o l  g r o wt h  

T h e  i n t e r pr e t a t i o n o f  a n n u a l r hyt hms o f  woo l g r o wt h  i n  

d i f f e r e n t  b r e e d s  a nd d i f f e r e n t e n v i r o nme n t s  i s  ma d e  

d i f f i c u l t  b y  t h e  i na b i l i t y t o  s e pa r a t e  p o s s i b l e  s e asona l 
i n t e r a c t i o n s  b e t we e n  b r e e d s  a nd n u t r i t i o na l a nd s e a s o na l 
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Wh e n  Da l y  a nd Ca r t e r  ( 1 9 5 5 } i mp o s e d  p r o g r e s s i ve l y  

r e s t r i c t i ve i n t a k e s  o n  M e r i n o ,  P o l wa r t h ,  C o r r i e d a l e  a n d  

L i nc o l n e we s  t h e y  o bs e r ve d  ( i n d e s c e nd i ng o r d e r  o f  

ma g n i t ud e ) a r e d u c t i o n i n  c l e a n  wo o l  g r o wt h . I n  t h i s  

e x p e r i me n t , g e ne r o u s  f e e d i n g wa s p r o v i d e d  i n  t h e  Aus t r a l i a n  

w i n t e r  ( J u l y )  a nd f u l l r e s t r i c t i o n wa s c omp l e t e  b y  s umme r 

( De c e mbe r ) .  F r om o t h e r  s t ud i e s ,  i t  i s  l i k e l y t h a t  t h e  

L i nc o l n  s h e e p  we r e  b e i ng r e l a t i ve l y  mo r e  h e l d  ba c k  ( i n 

J u l y )  by n o n - n u t r i t i o n a l f a c t o r s  a nd t h u s , we r e  l e s s  

a f f e c t e d  ove r a l l ,  b y  t h e  r e d u c t i o n i n  n u t r i t i o n f r om w i n t e r  

t o  s umme r . 

D o n e y  ( 1 9 6 6 ) a d d r e s s e d  t h i s  t o p i c  d i r e c t l y  b y  o f f e r i ng 

C he v i o t s  a nd 3 / 4  Me r i no s  e i t h e r  l e ve l ,  n a t u r a l o r  r e ve r s e d 

a n n u a l i n t a k e  c yc l e s . I n  M e r i n o s , t h e  b e t we e n  s he e p  

va r i a t i o n  i n  i n t a k e  wa s r e f l e c t e d  by d i f f e r e n c e s  i n  wo o l  

g r o w t h i n  a l l  p e r i od s ,  b u t  i n  C h e v i o t  s h e e p  i n t a k e  a nd wo o l  

g r o wt h  we r e  r e l a t e d  i n  s umme r b u t  n o t  i n  w i n t e r . T h e  

e f f e c t  o f  a d d i t i o n a l n u t r i t i o n i n  w i n t e r  o n  wo o l  g r o wt h  h a s  

b e e n  s h o wn t o  b e  m i n i ma l  i n  S c o t t i s h  B l a c k f a c e  s he e p  ( Do n e y  

1 9 6 4 ) a n d  i n  t h e  S oa y  ( D o n e y ,  u n p u b l i s he d ) .  H i s  r e s u l t s 

s ug g e s t e d t ha t  t h e  g e ne t i c d i f f e r e nc e s  i n  me t a b o l i c 

r e s p o n s e s  t o  ' ' u n s p e c i f i e d s e a s o n a l f a c t o r s "  m i g h t  b e  

r e mo v e d  b y  i n t e ns i ve s e l e c t i o n f o r  i nc r e a s e d  wo o l  g r o wt h . 

I n  a l a t e r  s t ud y ,  D o n e y  a nd E v a n s  ( 1 9 7 0 ) f e d  R omne y  a nd 

B l a c k f a c e  e we s  t o  a c h i e ve d i f f e r e n t  pa t t e r ns o f  l i ve - we i g h t  

c h a n g e  f r om ma t i ng t o  pa r t u r i t i o n a n d  a c h i e v e d  a wo o l  

g r o w t h  r e s po n s e  i n  R o mn e ys , b u t  n o t  i n  t h e  B l a c k f a c e  s he e p . 

A l t h o ug h  b r e e d  r e s p o n s e s  t o  n u t r i t i o n h a v e  be e n  s h o wn t o  

va r y  i n  t h e  wi n t e r ,  D o n e y  a nd Ead i e  ( 1 9 6 7 ) a nd B i g h a m  e t  a l . 

( 1 9 7 8 a , b )  h a v e  s h own t h a t  wo o l  g r o wt h  o v e r  t h e  s u mme r p e r i od 

va r i e d  mos t ,  b o t h  w i t h i n  a n d  b e t we e n  b r e e d s  o n  pa s t u r e . 

A l s o ,  s umme r n u t r i t i o n h a d  a g r e a t e r  i n f l u e n c e  o n  t o t a l 
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f l e e c e  p r o d uc t i o n t h a n  p e r f o r ma n c e  i n  w i n t e r . B i g h a m  e t  a l .  

( 1 9 7 8 ) c o n c u r r e d  w i t h  S umn e r  ( 1 9 7 7 , 1 9 7 9 ) t h a t  b r e e d  

c o mpa r i s o ns i n  s h o r t  t e r m s t ud i e s  ma y d e pe nd g r e a t l y o n  t h e  

t i me o f  t he ye a r  d u r i n g wh i c h  t h e  s t ud i e s  a r e  c o nd u c t e d . 

I n - d e p t h  c ompa r i s o n s  o f  s e a s o na l  wo o l  g r o wt h  i n  s e l e c t i o n 

l i ne s  h a v e  n o t  b e e n  r e p o r t e d . U s i ng s h e e p  w i t h  p r e v i o u s l y  

h i g h  o r  l o w f l e e c e  we i g h t  ( 6  s h e e p  e a c h ) o n  two pa s t u r e  

t yp e s ,  R e i s  a nd W i l l i a ms ( 1 9 6 5 )  s h ow e d  g r e a t e r  s e a s o n a l 

va r i a t i o n i n  c l e a n  wo o l  g r o w t h  i n  p h e n o t yp i ca l l y h i g h  t h a n  

l ow p r o d u c i n g s h e e p ,  t h e  a bs o l u t e  d i f f e r e nc e  b e i ng g r e a t e r  

i n  p e r i od s  o f  h i g h  r a t he r  t h a n  l o w p r o d uc t i o n . 

H a wk e r  e t  a l . ( 1 9 8 5 ) ,  o n  t h e  b a s i s  o f  f o u r  s a mp l e s  p e r  ye a r , 

c o u l d  n o t  d e t e c t  a d i f f e r e n c e  i n  t h e  a n n ua l pa t t e r n  o f  wo o l  

g r o wt h  b e t we e n  c o nt r o l  a nd h i g h h o g g e t g r e a s y  f l e e c e we i g h t  

s e l e c t i o n l i n e s , a s  t h e  e n t i r e  c u r ve s e e me d  t o  b e  l i f t e d  i n  

t h e  s e l e c t i o n l i n e .  H a wk e r  a n d  C r o s b i e  ( 1 9 8 5 ) , s e pa r a t e d  

R omn e y  a nd P e r e nd a l e  e we s  wh i c h h a d  e i t h e r h i g h  ( W+ )  o r  l o w 

( W- )  w i n t e r  wo o l  g r o wt h , a n d  f e d t h e m  a t  e i t h e r  h i g h o r  l ow 

l e v e l s  i n  t he f o l l o w i ng s umme r a nd w i n t e r . T h e r e  we r e  

ma r k e d  wo o l  g r owt h d i f f e r e n c e s  i n  w i n t e r  b e t we e n  W+ a nd W ­

e we s . Wo o l  g r o wt h  d i f f e r e nc e s  d i d n o t  e x i s t  i n  t h e  s umme r . 

T h e  W+ e we s  a l s o  r e s p o n d e d  t o  h i gh l e ve l s  o f  w i n t e r  

f e e d i ng wh i l e W- e we s  d i d n o t . T h u s , p h e n o t yp i c  s e pa r a t i o n ,  

o n  t h e  b a s i s  o f  w i n t e r  wo o l  g r o w t h , wa s s uc c e s s f u l  i n  

i d e n t i f y i ng s he e p  w i t h  d i f f e r e n t s e a s o na l r e s p o n s e s  t o  

n u t r i t i o n a nd r e p e a t a b l e  d i f f e r e nc e s  i n  w i n t e r  wo o l  

p r o d uc t i o n . 

S u l ph u r  c o n t e n t  

T h e  f i r s t  e v i d e nc e  t ha t  t h e  s u l p h u r  c o n t e n t  o f  wo o l  ma y b e  

u nd e r g e n e t i c  c o n t r o l  wa s f o u nd b y  G i l l e s p i e  ( 1 9 6 5 )  i n  t h e  

e xa m i na t i o n o f  mu t a n t  a n d  n o r ma l  wo o l  f i br e s  p r o d u c e d  b y  

f l e e c e mo s a i c i s m ,  a s oma t i c  mu t a t i o n t h o ug h t  t o  o c c ur i n  

e a r l y e mb r yo n i c  d e ve l o pme n t  ( La n g  1 9 5 2 ,  F r a s e r  a n d  S h o r t  
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1 9 5 8 ) . M u t a n t  ( l o n g ) f i b r e s  h a d  h i g h e r  p e r c e n t a g e s  o f  

s u l p h u r  ove r a l l ,  c h a r a c t e r i z e d  by a l owe r p r o p o r t i o n  o f  

h i g h  s u l p h u r  p r o t e i n s a nd a h i g h e r p r o p o r t i o n o f  me d i um 

s u l ph u r  p r o t e i n s t ha n  t h e  n o r ma l  s h o r t e r  wo o l  f i b r e s . 

G i l l e s p i e  ( 1 9 6 5 )  a l s o  f o u n d  t ha t  l u s t r e  mu t a n t  Me r i n o s  

( S h o r t  1 9 5 8 ) i n c o r p o r a t e d  mo r e  h i g h s u l p h u r  p r o t e i n s i n t o  

wo o l  f i b r e s  t h a n  n o r ma l  s i b s o n  s i m i l a r  d i e t s . T h i s  

d i f f e r e n c e  wa s t h o u g h t  t o  b e  d u e  t o  a l a r g e r  p r o p o r t i o n o f  

p a r a  c o r t e x  i n  t h e s e  l u s t r o us f i b r e s , t h e  p a r a  c o r t e x  b e i ng 

t h e  s e gme n t  i n  n o r ma l  Me r i n o  wo o l  t h o ug h t  t o  b e  r i c h e s t  i n  

h i g h  s u l p h u r  p r o t e i ns . 

R e i s  a nd W i l l i a ms ( 1 9 6 5 ) ,  c ompa r i n g t he i r r e s u l t s  o n  t h e  

s e a s o na l i t y o f  wo o l  s u l p h u r  c o n t e n t  w i t h  t h o s e  o f  R o s s  

( 1 9 6 1 , 1 9 6 4 ) ,  c o n c l ud e d  t h a t  d i f f e r e n c e s  b e t we e n  t h e  r e s u l t s  

ma y b e  d ue t o  t h e mo r e  s e ns i t i ve s e a s o na l i t y o f  wo o l  g r o wt h  

i n  R omne ys c ompa r e d  t o  Me r i n o s  i e . e f f e c t s  o t h e r t h a n  l ow 

d i e ta r y  s u l p h u r  c o n t e n t  d e p r e s s e d  wo o l  g r o wt h  i n  R o mn e y  

s h e e p . R e i s  a n d  W i l l i ams ( 1 9 6 5 ) a l s o  f o u n d  t ha t  h i gh 

p r o d u c i n g s h e e p  h a d  h i g h e r f e e d  e f f i c i e nc i e s  a nd l o we r 

s u l ph u r  c o n t e n t  i n  t h e  wo o l . T h e  h i gh p r od u c e r s  h a d  g r e a t e r  

s e a s o na l  va r i a t i o n i n  s u l p h u r  c o n t e n t ,  p o s s i b l y  d ue t o  a 

h i g h e r l e ve l o f  s u l ph u r  s u b s t r a t e s  b e i ng a va i l a b l e  t o  l ow 

p r od u c e r s . D u r i ng t i me s  o f  n u t r i t i o n a l s t r e s s , t h e  s u l p h u r  

c o n t e n t  f r om h i g h  p r od u c e r s  f e l l  t h e  mo s t ,  a s  h i g h p r od u c e r s  

ma i n ta i ne d  g r e a t e r  wo o l  g r o wt h  u nd e r  t h e s e  c o nd i t i o ns .  

P i pe r  a nd D o l l i n g ( 1 9 6 6 ) c ompa r e d  h i g h  a n d  l ow f l e e c e  we i g h t  

s e l e c t i o n l i n e s  g r a z e d  t o g e t h e r o n  l o w q ua l i t y pa s t u r e s . 

T h e  c o r r e l a t i o n b e t we e n  s u l ph u r  c o n t e n t  a n d  wo o l  g r o wt h  wa s 

( - . 6 9 a nd + . 2 8 )  w i t h i n  l o w  a nd h i g h  s e l e c t i o n l i n e s ,  

r e s pe c t i ve l y .  T h e  l ow l i n e a l s o  h a d  l a r g e r  va r i a t i o n i n  

s u l p h u r  c o n t e n t  a nd a s  s u l p h u r  wa s l i k e l y  n o t  l i m i t i ng 

t h e i r  wo o l  g r o w t h  t h e y  d i s p l a ye d  t h e  n o r ma l  wo o l  g r owt h ­

s u l p h u r  c o n t e n t  r e l a t i o ns h i p .  I n  c o n t r a s t ,  t h e  h i g h  f l e e c e 

we i gh t  l i n e  wa s l i k e l y n e a r  i t s m i n i mu m  l e ve l  o f  wo o l  

s u l p h u r  c o n t e n t . T h e s e  r e s u l t s s u g g e s t e d  d i f f e r e nc e s  i n  t h e  
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e f f i c i e nc y  o f  u t i l i z a t i o n o f  s u l p h u r  a t  t h e  f o l l i c u l a r  

l e ve l . G i l l e s p i e  ( 1 9 6 5 )  i n  a r e v i e w o f  mu c h  o f  h i s  o wn 

wo r k ,  s h o we d  t h a t  h i g h  pr o d u c e r s  had l o we r  ove r a l l  wo o l  

s u l ph u r  c o n t e n t  c h a r a c t e r i z e d  by l owe r p r o p o r t i o n s  o f  h i g h 

s u l p h u r  p r o t e i n s i n  t h e  f i b r e  ma t r i x .  

D o n e y  a nd E va n s  ( 1 9 6 8 ; 1 9 7 0 ) c ompa r e d  Me r i n o  w i t h  C h e v i o t 

s he e p  a nd S c o t t i s h  B l a c k f a c e  w i t h  R o mn e y  s he e p  f o r  t h e i r  

wo o l  g r o wt h  a nd wo o l  s u l p h u r  c o n t e n t u nd e r  va r i o u s  

n u t r i t i o n a l p l a n e s o v e r w i n t e r . S i gn i f i ca n t  b r e e d  

d i f f e r e nc e s  i n  t h e  wo o l  g r o wt h - s u l ph u r  c o n t e n t  r e l a t i o n s h i p  

we r e  r e p o r t e d  wh i c h s u p po r t e d  t h e  c o nc l us i o n s o f  R e i s  a nd 

W i l l i a ms ( 1 9 6 5 ) . I n  a l l  r e p o r t e d  s t ud i e s ,  l a r g e w i t h i n  

g r o u p  d i f f e r e nc e s  i n  s u l p h u r  c o n t e nt e x i s t e d  a nd we r e , i n  

ma n y  c a s e s , g r e a t e r  t ha n  t h e  d i f f e r e nc e s  b e t we e n  g r o u p s . 

5 . 1 . 4  H o r mo na l e f f e c t s  

R e v i e ws o f  t he h o r mo na l r e g u l a t i o n o f  wo o l  g r owt h h a v e  b e e n  

p r e pa r e d  by D o wn e s  a n d  Wa l l a c e  ( 1 9 6 5 ) , F e r g u s o n ,  Wa l l a c e  

a n d  L i nd l e r  ( 1 9 6 5 ) ,  R yd e r  a n d  S t e ph e n s o n  ( 1 9 6 8 ) a nd Wa l l a c e  

( 1 9 7 9 ) . E b l i n g a nd H a l e  ( 1 9 8 3 )  h a ve a l s o  r e v i e we d  t h i s  

t o p i c  b u t  w i t h  e m p ha s i s  o n  s pe c i e s d i f f e r e n c e s  a nd h uma n 

h a i r  g r o wt h . 

F e r g u s o n  ( 1 9 5 8 ) d i s t i ng u i s h e d  b e t we e n  t h r e e  t yp e s  o f  h o r mo n e  

a c t i o n . F i r s t ,  h o r mo n e s  ma y h a ve a pe r m i s s i ve r o l e , whe r e  

s e c r e t i on s  a r e  n e c e s s a r y  f o r wo o l  g r o wt h  t o  t a k e  p l a c e  b u t  

va r i a t i o n i n  s e c r e t i o n  i s  w i t h o u t  e f f e c t . S e c o nd l y ,  t h e r e  

i s  a r e g u l a t o r y  r o l e  wh e r e  va r i a t i o n i n  s e c r e t i o n r a t e  

c o n t r o l s t he l e ve l o f  wo o l  p r o d uc t i o n a nd p r o ba b l y  

s h e d d i ng .  T h i r d l y ,  s ome h o r mo n e s  a r e  c a pa b l e  o f  e l i c i t i n g a 

p h a r ma c o l og i c a l e f f e c t  a nd c a n p r omo t e  wo o l  g r o w t h  i f  

a d m i n i s t e r e d  a r t i f i c i a l l y i n  a mo u n t s  gr e a t e r  t h a n  t h o s e  i n  

n o r ma l  s e c r e t i o n .  I n  e a r l y  s t ud i e s  t he e f f e c t s  o f  g l a nd 

r e mo v a l a n d  s u bs e q u e n t  r e p l a c e me n t  t h e r a py y i e l d e d  mu c h  

k n o w l e d ge b u t  wa s h a mp e r e d  b y  h e t e r o ge ne o u s  h o r mo n e  



p r e pa r a t i o n s  a nd t h e d i f f i c u l t y o f  me a s u r i ng s pe c i f i c 

h o r mo n e  c o n c e n t r a t i o n s  i n  p l a s ma . 

5 . 1 . 4 . 1  P i t u i t a r y  a nd a s s o c i a t e d  t a r g e t g l a nd h o r mo ne s  
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T h e  p i t u i t a r y  i s  t he c e n t r a l g l a nd o f  t h e  e nd o c r i ne s ys t e m .  

S ome o f  t h e  p i t u i ta r y  h o r mo ne s  a c t  by s t i mu l a t i ng o t h e r  

e nd o c r i ne g l a nd s . F o r  t h i s  r e a s o n ,  t h e  t a r g e t  t i s s u e s  a n d  

t he i r  s e c r e t i o ns w i l l  b e  d i s c us s e d a l o n g  w i t h  t h e i r  

c o n t r o l l i ng p i t u i t a r y  h o r mo n e s .  

F e r g u s o n  ( 1 9 5 1 )  d e s c r i be d  a t e c h n i q u e  f o r  h yp o p hys e c t o my i n  

t h e  s h e e p  a n d  f o u nd t ha t  wo o l  g r o wt h  wa s r e d uc e d  t o  v e r y  

l o w  l e ve l s  f o l l o w i ng t h i s  p r o c e d u r e . I n  mo s t  ca s e s  wo o l  

g r o w t h c e a s e d  c o mp l e t e l y a f t e r  4 - 2 6  we e k s  ( Fe r g u s o n  e t  a l . 

1 9 6 5 ;  G i r a r d  1 9 6 9 ) i nd i ca t i ng t h a t a t  l e a s t o ne o f  t he 

p i t u i t a r y  h o r mo n e s  mu s t  b e  p r e s e n t f o r  wo o l  gr o w t h  t o  

o c c u r . 

T h yr o i d  s t i mu l a t i ng h o r mo n e  ( TS H ) a nd t hyr o i d  h o r mo n e s  

T h e  t hyr o i d  g l a nd r e a c t s  t o  t h e  p i t u i ta r y  h o r mo n e  T S H  b y  

r e l e a s i ng T h yr o x i ne ( T 4 )  a n d  T r i o d o t hyr o n i n e ( T 3 ) . T 3  i s  

mo r e  b i o l og i ca l l y a c t i ve t h a n  T 4  a nd T 4  i s  a l t e r e d  t o  T 3  b y  

b o d y  t i s s u e s  ( F i s h e r  e t  a l . 1 9 7 2 ) .  I n  h y p o phys e c t o m i z e d  

s he e p ,  d a i l y s u b c u t a n e o us a d m i n i s t r a t i o n o f  T 4  c a n  r e s t o r e  

wo o l  g r o wt h  t o  p r e - o p e r a t i ve l e ve l s ,  b u t  c a n n o t  r a i s e  i t  

a b o ve t h i s  ( F e r g u s o n  e t  a l . 1 9 6 5 ) . T h e  wo o l  g r o wt h  o f  

t hyr o x i n e -ma i n t a i n e d  h yp o p h ys e c t om i z e d  s h e e p  s t i l l  va r i e s 

b e t we e n  i nd i v i d ua l s , b e i ng p r o p o r t i o na l t o  p r e - o p e r a t i ve 

l e ve l s ;  t h e r e f o r e , t h i s  va r i a t i o n mu s t  b e  d u e t o  

d i f f e r e nc e s  i n  t h e  s t r uc t u r e  o r  d e n s i t y o f  f o l l i c l e s  i n  t he 

s k i n  o r  o t h e r  s ys t e m i c  f a c t o r s . 

T h yr o i d e c t o my r e d u c e s  wo o l  g r o wt h  t o  a p p r o x i ma t e l y  6 0 %  o f  

p r e - o p e r a t i ve l e v e l s ,  d u e  e nt i r e l y  t o  a r e d u c t i o n i n  f i b r e  

l e n g t h  g r o w t h  r a t e  ( S i mp s o n , 1 9 2 4 ;  Ma r s t o n  a nd P i e r c e , 



5 2  

1 9 3 2 ;  F e r g us o n ,  1 9 5 1 ;  Th e r i e z  a nd R o u g e o t ,  1 9 6 2 ) .  I n  

c o n t r a s t  t o  h y p o p h ys e c t o m i z e d  s h e e p ,  wo o l  g r owt h i n  

t h yr o i d e c t om i z e d  s h e e p  c a n b e  r a i s e d  a b o v e  p r e - o pe r a t i ve 

r a t e s  by i n c r e a s i n g t h e  d o s e  o f  T 4  ( Fe r g u s o n  e t  a l . 1 9 6 5 ) ,  

s ug g e s t i ng t h a t  s ome o t h e r  p i t u i ta r y  h o r mo n e  i s  n e c e s s a r y  

f o r t hyr o i d  h o r m o n e s  t o  e x p r e s s  t h e i r  f u l l  p h ys i o l o g i c a l  

a c t i v i t y .  D o wn e s  a nd Wa l l a c e  ( 1 9 6 5 ) d e mo n s t r a t e d  a d i r e c t  

e f f e c t  o f  t hyr o x i n e o n  wo o l  g r o wt h , s ug ge s t i n g t ha t  

t h yr o x i ne c a n i nc r e a s e  t h e  o u t p u t  o f  wo o l  f o l l i c l e s  a p pa r t  

f r o m s ys t e m i c e f f e c t s  s uc h  a s  c h a n g e s  i n  a pp e t i t e o r  g e n e r a l  

me t a b o l i s m .  N o t  a l l  a t t e mp t s  t o  mod i f y t h yr o x i ne l e ve l s  

h a v e  r e s u l t e d i n  c h a n g e s  i n  t h e  a c t i v i t y o f  t h e  wo o l  

f o l l i c l e ( Ryd e r  1 9 7 3 , 1 9 7 9 ) .  

C o o p  a nd C l a r k  ( 1 9 5 8 ) s h o we d  s e a s o na l  e f f e c t s  o n  t h yr o x i n e 

r e s p o n s e  w i t h  e f f e c t s  b e i n g s h o wn i n  m i d s u mme r t o  a u t umn , 

b u t  n o t  i n  m i d w i n t e r  o r  e a r l y  s umme r . H a r t ( 1 9 6 1 )  f o un d  

d i f f e r e nc e s  i n  t h e t h yr o i d g l a nd s  o f  va r i o u s  l i g h t  t r e a t me n t  

g r o u p s , b u t  a s  t h e  g l a nd we i g h t s  a nd wo o l  g r o wt h we r e  n o t  

a l wa ys p o s i t i ve l y r e l a t e d  h e  c o nc l ud e d  t ha t  t h e r e  mus t  b e  a 

l a t e nc y  o f  r e s p o n s e . Wa l l a c e  ( 1 9 7 9 ) c o nc l ud e d  t h a t  t h yr o i d 

h o r mo n e s  we r e  n o t  i n v o l v e d  i n  t h e  s e a s o na l i t y o f  wo o l  

g r o wt h  wh i l e R yd e r  ( 1 9 7 9 ) a nd L i nc o l n  e t  a l . ( 1 9 8 0 ) f o u n d  a 

s t r o n g  p o s i t i ve c o r r e l a t i o n b e t we e n  wo o l  g r owt h a nd 

c i r c u l a t i ng l e ve l s  o f  t h yr o x i ne . R o ug e o t  e t  a l . ( 1 9 8 4 ) 

q u o t e  a s s oc i a t i o n s  b e t we e n  t h yr o x i ne a nd mo u l t i n g p e r i od s  

i n  t h e  m i n k  a nd i n  t h e  h a r b o u r  s e a l . K ha t e e b  a nd J o h ns o n  

( 1 9 7 1 ) c o nc l ud e d  f r o m wo r k  w i t h  v o l e s  t ha t  t h e  s e a s o na l  

r e g u l a t i o n o f  h a i r  a c t i v i t y i s  d u e  t o  t h e  i n t e r a c t i o n o f  

t hy r o x i ne w i t h  o t h e r  h o r mo n e s  s u c h  a s  a d r e na l  a nd g o na d a l 

s t e r o i d s . 

T h e s e  r e s u l t s  s u g g e s t  t h a t  t hyr o x i n e e x h i b i t s p e r m i s s i ve ,  

r e g u l a t o r y  a nd p ha r ma c o l o g i ca l  e f f e c t s o n  wo o l  g r o wt h . 

P h o t o pe r i od i c  c o nt r o l  o f  t hyr o i d h o r mo n e s  w i l l  b e  d i s c u s s e d  

i n  s u bs e q ue n t  s e c t i o ns . 
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Ad r e n o c o r t i c o t r o p h i c  h o r mo n e  ( AC T H ) a nd C o r t i s o l  

ACT H e x e r t s i t s p h ys i o l o g i c a l  a c t i o n b y  i nc r e a s i n g t h e  

s e c r e t i o n  o f  s t e r i od s  f r o m t h e  a d r e na l  g l a nd . O n e  c l a s s  o f  

t h e s e  s t e r o i d s , t h e  g l u c o c o r t i c o i d s , ma y s t i mu l a t e  wo o l  

g r o wt h  wh e n  p r e s e n t  i n  ve r y  s ma l l  a mo u n t s  ( D o wn e s  a nd 

Wa l l a c e  1 9 6 5 ;  Cha pma n a nd B a s s e t t  1 9 7 0 ) a n d  wh e n  g i ve n  i n  

t he wh o l e a n i ma l  ( r a t he r t ha n  l o c a l l y t o  t h e  d e r m i s ) ma y 

d e pe nd o n  t h e  a b i l i ty t o  i n c r e a s e  f e e d i n t a k e . At h i gh e r 

l e ve l s , c o r t i c o s t e r o i d s  i n h i b i t  f o l l i c u l a r  a c t i v i t y 

r e s u l t i n g i n  d e c r e a s e d  f i br e  d i a me t e r  a n d  l e n g t h  g r owt h 

r a t e  a nd i nc r e a s e d  s he d d i n g ( L i nd l e r  a nd F e r g u s o n  1 9 5 6 ;  

F e r g u s o n  e t  a l . 1 9 6 5 ;  P a na r e t t o  e t  a l . 1 9 7 5 ) . I nc r e a s e d  

a d r e n o - c o r t i ca l  a c t i v i t y i n  t i me s o f  p h ys i ca l  o r  

p s yc h o l o g i ca l  s t r e s s  c a n  b e  s ome t i me s  r e s p o n s i b l e  f o r 

" b r e a k " o r  " t e nd e r ne s s " i n  t h e  f l e e c e . P a na r e t t o  a nd 

Wa l l a c e  ( 1 9 7 8 a , b )  i nve s t i ga t e d  t h e  u s e  o f  p o we r f u l  s yn t h e t i c  

a na l o g u e s  o f  c o r t i c o s t e r o i d s  f o r c h e m i c a l d e f l e e c i ng b u t  

t he i r  r e s u l t s we r e  n o t  s u f f i c i e n t l y p r e d i c t a b l e  f o r 

c o mme r c i a l u s e . 

E b l i n g a nd H a l e  ( 1 9 8 3 ) c omme n t e d  t h a t  t h e  a b i l i t y  o f  

c o r t i c o s t e r o i d s  t o  a f f e c t  f o l l i c u l a r  a c tivity we�s s u r p r i s i ng i n  

l i g h t  o f  Wa r d  a nd Ka s ma r i k ' s  ( 1 9 7 9 ) r e s u l t  t ha t  wo o l  r o o t s  

we r e  u na b l e  t o  me t a b o l i z e  c o r t i s o l  a s  t h e y  l a c k  l l B ­

h yd r o x ys t e r o i d d e hyd r o g e n a s e  wh i c h i s  p r e s e n t  i n  o t h e r  

pa r t s  o f  t h e  s k i n . T h e  1 7 B  f o r m  i s ,  h o we ve r ,  u b i q u i t o us . 

Wa l l a c e  ( 1 9 7 9 ) q u o t e d  h i s  o wn u n p u b l i s h e d  wo r k  s h o w i n g  t ha t  

c o r t i s o l  d e p r e s s e s  t he u p t a k e  o f  c ys t e i n e i n t o  wo o l  f i b r e s . 

L i nd l e r  a nd F e r g u s o n  ( 1 9 5 6 )  s ug g e s t e d  t h a t  a d r e n o c o r t i c a l  

a c t i v i t y ma y b e  r e s po n s i b l e  f o r t he d e c r e a s e d  wo o l  g r o wt h  

i n  w i n t e r  b u t  a d r e na l e c t o m i s e d  e we s  o n  c o n s t a n t  r e p l a c e me nt 

t h e r a py s t i l l  e x h i b i t e d  s o me s e a s o na l i t y o f  wo o l  g r o wt h . 

R i  v i  e r e  e t  a l . ( 1 9 7 7 ) a t t r i b u t e d  t h e  m o u l t i n g p e r i od i n  

h a r b o u r  s e a l s  t o  f l uc t ua t i o n s  i n  t h e  ba l a nc e  o f  c o r t i s o l  

a nd t hyr o x i ne ,  w i t h  t hyr o x i n e i n c r e a s i n g f r om J u ne t o  J u l y  



( t h e  mo u l t i ng p e r i od )  a nd c o r t i s o l  d e c r e a s i n g o v e r t h i s  

p e r i od .  F e r g u s o n  e t  a l . ( 1 9 6 5 ) a l s o  s h o we d  t h a t  c o r t i s o l  

i n f l ue nc e d  t h e  wo o l  g r o wt h  r e s p o n s e  t o  t h yr o x i ne wh e r e as 

c o r t i s o l  a t  h i g h e r  c i r c u l a t i n g l e v e l s  p r e ve n t e d  a ny 

r e s p o n s e  t o  t h yr o x i n e . 

G r o w t h H o r mo n e  
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G r o wt h  h o r m o n e  i s  n o t  t h o u g h t  t o  a c t  t h r o u g h  a s e c o n d a r y  

o r ga n ,  b u t  i t  d o e s  s t i mu l a t e  t h e  s e c r e t i o n o f  o n e  o r  mo r e  

p o l yp e p t i d e s , k n ow n  a s  s o ma t ome d i n s ,  p r i ma r i l y f r om t h e  

l i ve r b u t  a l s o  f r om m o s t o t h e r  t i s s ue s  e xa m i n e d . G r o wt h  

h o r m o n e  c a n n o t  i n i t i a t e  wo o l  g r o wt h  i n  h yp o p h ys e c t o m i s e d  

s he e p  ma i n t a i n e d  o n  T 4  ( Fe r g us o n  e t  a l . 1 9 6 5 ) . I n  n o r ma l  

s h e e p  g r o wt h  h o r mo n e  wa s a b l e  t o  s t i mu l a t e  wo o l  g r o wt h  a f t e r  

t he g r o w t h  h o r m o n e  i n j e c t i o n s  c e a s e d  ( Fe r g us o n ,  1 9 5 1 ; 1 9 5 4 ;  

F e r gu s o n  e t  a l . ,  1 9 6 5 ;  Wh e a t l e y  e t  a l . ,  1 9 6 6 ;  R e k l e ws k a ,  

1 9 7 4 ;  Wyn n e t  a l . ,  1 9 7 9 ) . T he s e  c h a n g e s  o c c u r e d  p r i ma r i l y 

t h r o u g h  a n  i nc r e a s e  i n  f i br e  d i a me t e r . C o n t r a r y  t o  t h e  

r e s u l t s o f  L a b ba n  ( 1 9 5 7 ) ,  g r o wt h  h o r mo n e  d i d n o t  c h a n g e  t h e  

n umbe r  o f  f o l l i c l e s  i n  a ny o f  t h e  a b o v e  s t ud i e s . Ma n y  

s t ud i e s s h o we d  a d e p r e s s i o n i n  wo o l  g r o wt h  d u r i ng t h e  p e r i o d  

o f  h o r mo n e  i n j e c t i o n s . Wyn n  e t  a l . ,  ( 1 9 7 9 ) a t t r i b u t e d  t h i s  

t o  a n  i nc r e a s e  i n  t i s s u e p r o t e i n  r e t e n t i o n d u r i n g t r e a t me n t 

f o l l owe d b y  p r o t e i n  m o b i l i za t i o n a f t e r  g r o wt h  h o r mo n e  

i n j e c t i o n s  c e a s e d . 

I n t r a d e r ma l  i n j e c t i o n s  o f  g r o w t h h o r mo n e  ( D o wn e s a nd Wa l l a c e  

1 9 6 5 )  d i d n o t  a l t e r  wo o l  g r o wt h  r a t e , t h e r e f o r e , g r o wt h  

h o r mo n e  i s  u n l i k e l y  t o  h a v e  a d i r e c t  e f f e c t  o n  t h e  

f o l l i c l e . I t  a l s o  s e e ms u n l i k e l y  t ha t  g r o wt h  h o r mo n e  i s  

i nv o l ve d  i n  t h e  s e a s o na l i t y o f  wo o l  g r owt h ( Wa l l a c e  1 9 7 9 ) .  

P r o l a c t i n  

Wa l l a c e  ( 1 9 7 9 ) c o n c l ud e d  t ha t  p r o l a c t i n  wa s u n l i k e l y  t o  b e  

i nv o l ve d  i n  wo o l  g r o wt h . T h e  i n j e c t i o n o f  pr o l a c t i n  i n t o  
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n o r ma l  o r  h yp o p h ys e c t o m i s e d  s h e e p  ( Fe r g u s o n  e t  a l . 1 9 6 5 )  

d i d n o t  a f f e c t  wo o l  g r o wt h . Ve r y  l o w a nd v e r y  h i g h 

i n t r a d e r ma l  i n j e c t i o n s  o f  p r o l a c t i n  i nc r e a s e d  l e n g t h  g r o wt h  

r a t e  o f  wo o l  f i br e s ,  wh i l e i n t e r me d i a t e  l e ve l s  r e s u l t e d  i n  a 

d e c r e a s e  ( D o wn e s  a nd Wa l l a c e , 1 9 6 5 ) . P r o l a c t i n  c yc l e s  i n  

t h e  f i e l d a r e  p o s i t i ve l y a s s o c i a t e d  w i t h  t h e  a n n u a l 

t e mp e r a t u r e  c yc l e ,  a nd w i t h  t h e  wo o l  g r o w t h  cyc l e  b u t  S m i t h  

e t  a l . ( 1 9 7 7 ) we r e  mo r e  w i l l i n g t o  a c c e p t  t h e  f o r me r ,  r a t h e r  

t ha n  l a t t e r , a s  t h e d i r e c t  a s s o c i a t i o n . 

R o ug e o t  e t  a l . ( 1 9 8 4 ) c o n s i d e r e d p r o l a c t i n  t o  b e  i nv o l v e d  i n  

t h e  wo o l  g r o wt h  c yc l e . I n  m i n k  a nd i n  s h e e p ,  s p r i n g mo u l t  

c o i nc i d e d  w i t h  a s e a s o na l i n c r e a s e  i n  p l a s ma p r o l a c t i n  

( Ma r t i n e t  e t  a l . ,  1 9 8 2 ;  R a va u l t ,  1 9 7 6 ) a nd a u t u mn m o u l t  i n  

m i n k  i s  a s s o c i a t e d  w i t h  l o w o r  d e c r e a s i ng l e v e l s  o f  

p r o l a c t i n . I n  e x p e r i me n t a l  c o nd i t i o n s , m i n k  k e p t u nd e r  

1 6 L : 8 D f r om s umme r s o l s t i c e  u n d e r we n t  a mo u l t  b u t  t o  

a n o t h e r  s umme r c oa t . U nd e r  s i m i l a r  c o nd i t i o ns , b u t  w i t h  

d a i l y i n j e c t i o n s  o f  e r g o c r i pt i n  ( a  p r o l a c t i n  i n h i b i t o r ) a 

n o r ma l  a u t umn mo u l t  o c c u r r e d . U nd e r  8 L : l 6 D  pr o l a c t i n  wa s 

u na b l e  t o  e l i c i t  a s p r i ng ,  r a t h e r  t ha n  a u t umn , m o u l t . 

G o na d o t r o p h i c  h o r mo n e s  

T h e  g o na d o t r o p h i n s s t i mu l a t e  t h e  o va r i e s a n d  t e s t e s  t o  

s e c r e t e  p h ys i o l o g i ca l l y a c t i ve s t e r o i d s . Ve r y  l i t t l e  wo r k  

h a s  b e e n  d o ne o n  t h e  e f f e c t s  o f  s e x  h o r mo n es o n  w o o l  g r o wt h  

i n  s h e e p . G o n a d a l  a nd wo o l  g r o wt h  c yc l e s  a r e  b o t h  

i n f l ue nc e d  by p h o t o pe r i od ,  b u t  n o  e v i d e n c e  s u g g e s t s t h a t  

s e x  h o r mo n e s  d i r e c t l y  a f f e c t  w o o l  g r o wt h  o t h e r  t h a n  t h r o u g h  

a r e s p o n s e  i n  f e e d  i n t a k e . 

F e r g u s o n  ( 1 9 5 1 )  f o u nd n o  e f f e c t  o f  o r c h i d e c : o my o n  wo o l  

g r o wt h  o r  f r om t e s t o s t e r o n e  i mp l a n t s  i n  s h e e p  f e d  a 

c o n s t a n t r a t i o n . S l e n  a nd C o n n e l l  ( 1 9 5 8 )  f o und n o  e f f e c t s  

d u e  t o  t he a d m i n i s t r a t i o n o f  t e s t o s t e r o n e  o r  p r o g e s t e r o n e . 

A l t h o ug h  S l e n  a nd C o n n e l l  f o u nd o e s t r a d i o l  t o  r e d uc e  l e n g t h  
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g r o wt h  r a t e , i t  i s  d i f f i c u l t  t o  s e pa r a t e  d i r e c t  e f f e c t s  a nd 

t h o s e  me d i a t e d  t h r o ug h  a c c o mpa ny i n g  c h a n g e s  i n  t h e  

p i t u i t a r y  a nd a d r e n a l g l a nd s . D r a p e r e t  a l .  ( 1 9 6 6 ) f o u nd 

t h a t  o e s t r ad i o l r e d uc e d  wo o l  g r o wt h  o n l y  wh e n  f e e d wa s 

r e s t r i c t e d . 

F e r g u s o n  e t  a l . ( 1 9 6 5 ) c o n c l ud e d  t h a t  o e s t r o g e n s , a nd r o g e n s  

a nd p r o g e s t e r o n e , a t  p h ys i o l o g i ca l  c o n c e n t r a t i o n s , a r e  

u n l i k e l y t o  a f f e c t  wo o l  g r o wt h . 

O t h e r p i t u i ta r y  h o r mo n e s  

T h e r e  i s  n o  e v i d e nc e  t ha t  o x yt o c i n  o r  va s o p r e s s i n ,  s e c r e t e d 

b y  t he p o s t e r i o r l o be o f  t h e  p i t u i t a r y ,  a f f e c t  wo o l  g r o wt h  

( Wa l l a c e  1 9 7 9 ) .  F e r g u s o n  e t  a l . ( 1 9 6 5 ) s h o w e d  e v i d e n c e  t ha t  

a p i t u i ta r y  f r a c t i o n ,  d e vo i d  o f  o t h e r  p i t u i t a r y  h o r mo n e  

a c t i o n wa s a b l e  t o  s t i mu l a t e  wo o l  g r o w t h  i n  t h e  

h yp o p h ys e c t om i z e d  s he e p . 

5 . 1 . 4 . 2  Ca t e c h o l am i n e s  

Ca t e c h o l a m i n e s s uc h  a s  a d r e na l i n e  a nd n o r a d r e na l i ne a r e  

s e c r e t e d  i n  r e s p o n s e  t o  n e u r a l  s t i mu l a t i o n . F e r g u s o n  

( 1 9 4 9 ) ,  s h owe d t ha t  wo o l  g r o w t h i nc r e a s e d  a f t e r  

s ympa t h e c t o my i n  s he e p .  B l o od f l o w t o  t he s k i n  i nc r e a s e d  

d u e  t o  va s od i l a t i o n ,  a f t e r  t h e  va s o c o n s t r i c t i ng e f f e c t s  o f  

n o r ad r e na l i ne f r om t he n e r v e  e nd i ng s  c e a s e d . Ad r e na l e c t o my 

d o e s  n o t  a f f e c t  wo o l  g r o wt h  ( Fe r g us o n  e t  a l . 1 9 6 5 )  b u t  t h e  

a mo u n t  o f  n o r a d r e na l i ne s e c r e t e d  a t  t h e  s ympa t he t i c n e r ve 

e nd i ng c o u l d  c o n t r o l  wo o l  g r o w t h  t h r o u g h  va s o c o ns t r i c t i o n 

o f  t h e  s k i n ' s  b l o od v e s s e l s  ( Wa l l a c e  1 9 7 9 ) .  O t h e r 

u n p ub l i s h e d  e v i d e n c e , c i t e d  by Wa l l a c e  ( 1 9 7 9 ) ,  i nd i ca t e d  

t h a t  i n t r ad e r ma l  i n j e c t i o n s  o f  a d r e na l i n e o r  n o r ad r e na l i n e 

d e p r e s s  t h e  r a t e  o f  u p t a k e  o f  L 3� S - c ys t i n e i n t o  wo o l  f i br e s  

p l u c k e d  f r o m a r o u n d  i n j e c t i o n s i t e s . T h e  r e s u l t s s ug ge s t e d  

t ha t  i t s e f f e c t  wa s v i a  a t e mp o r a r y  r e d u c t i o n i n  b l o od f l ow .  



5 7  

5 . 1 . 5 R o l e  o f  t h e p i ne a l  g l a nd i n  wo o l  g r o wt h  c yc l e s  

Ma n y  o f  t he r e v i e ws o n  h o r mo n e s  a nd wo o l  g r o wt h  h a v e  i g n o r e d  

t h e  p i n e a l  g l a nd , a l t h o u g h  p i n e a l e c t o my h a s  b e e n  u s e d  i n  

s t ud i e s  w i t h  s h e e p  s i nc e  t h e  l a t e  1 9 6 0 ' s .  E x i s t e nc e  o f  t h e  

p i ne a l  g l a nd h a s  b e e n  r e c o g n i z e d  f o r  c e n t u r i e s  b u t  s e r i o us 

e nd o c r i n o l o g i c a l wo r k  w i t h  t h i s  g l a n d  b e ga n o n l y  i n  t h e  

1 9 5 0 ' s . P i n e a l r e s e a r c h ,  t h o ug h  f a r  f r om c o mp l e t e , h a s  

b e g u n  t o  el u c i d a t e  t h e  me c ha n i s ms o f  p h o t o pe r i od i c  c o n t r o l  

o f  e nd o c r i ne s ys t e ms a nd t he i r  r e l a t i o n s h i p  t o  c yc l e s  o f  

w o o l / h a i r  g r o wt h  a nd r e pr o d u c t i o n .  

5 . 1 . 5 . 1  T h e  d i s c o ve r y  o f  p i n e a l f u n c t i o n 

P r i o r t o  1 9 5 4 ,  t h e  t wo c o mmo n l y  k n o wn f a c t s  a b o u t  t h e  p i n e a l  

g l a nd we r e  t ha t  i t  t e nd s  t o  c a l c i f y ,  a nd t h us c a n  b e  u s e d  

a s  a l a nd ma r k  i n  b r a i n  X - r a ys , a nd t ha t  D e s ca r t e s  h a d  

b e s t o we d  o n  i t  t h e  h o n o u r  o f  b e i n g t h e  s e a t  o f  ma n ' s  s o u l . 

O t h e r w i s e  i t  wa s g e n e r a l l y b e l i e v e d  t o  b e  a f u n c t i o n l e s s , 

e vo l u t i o na r y  ve s t i ge . B r a i na r d ( 1 9 7 8 ) r e v i e we d  p i ne a l 

r e s e a r c h  i n  wha t h e  r e f e r s  t o  a s  " t h e  d e c a d e  o f  

t r a ns f o r ma t i o n "  f r om 1 9 5 4  t o  1 9 6 5 .  

I nt e r e s t  i n  t h e  p i ne a l  g l a nd i n c r e a s e d a f t e r  t h e  p u b l i ca t i o n 

o f  a n  e xt e ns i ve r e v i e w  ( K i t a y  a nd A l t s c h u l e  1 9 5 4 ) wh i c h  

s umma r i z e d  m o r e  t ha n  1 8 0 0  r e f e r e nc e s . T h e y  c o n c l ud e d  t h a t 

t h e  p i n e a l wa s i n v o l ve d  i n  g o na d a l f u n c t i o n ,  i n  l i g h t ­

i nd u c e d  p i gme n t a t i o n r e s p o n s e s  a nd p o s s i b l y  i n  b r a i n ­

b e ha v i o r a l  a n o ma l i e s . I nd e pe nd e n t l y ,  a nd unawa r e  o f  K i t a y  

a nd A l t s c h u l e s ' b o o k , L e r n e r  b e g a n  i nv e s t i ga t i o n s  i n  1 9 5 1  

t o  i s o l a t e  a p i n e a l h o r mo n e . H i s wo r k  wa s ba s e d  o n  a n  

e a r l i e r  r e p o r t  ( Mc Co r d  a n d  A l l e n  1 9 1 7 ) t ha t  p i n e a l  e x t r a c t s  

c o u n t e r a c t e d  t h e  d a r k e n i n g e f f e c t  o f  me l a n o p h o r e  

s t i mu l a t i ng h o r mo n e  i n  f r o g s k i n . H i s  p u b l i ca t i o n ( L e r n e r  

e t  a l . ,  1 9 5 8 ) i d e n t i f i e d a p o t e n t  p i n e a l h o r mo n e , 

me l a t o n i n ,  a s  t h e  me t h o xy d e r i va t i ve o f  s e r o t o n i n ,  a nd s e t  

i n t o  mo t i o n a g r e a t  n u mb e r o f  s t ud i e s  o f  p i n e a l  s t u c t u r e  



a nd f u n c t i o n ,  t h e  mome n t u m o f  wh i c h  h a s  n o t  v i s i b l y  

d i m i n i s h e d . 

By 1 9 6 5 ,  t h e  i n n e r va t i o n o f  t h e  p i n e a l  b y  s ympa t he t i c  

n e r ve s ; t h e  d e p r e s s a n t  a c t i o n o f  me l a t o n i n  o n  t h yr o i d 

s e c r e t i o n ;  t h e  l i g h t  d e pe nd a n t  n a t u r e  o f  p i n e a l e n z yma t i c  

r e a c t i o n s  a nd t h e  a b i l i t y o f  p i n e a l e c t omy t o  r e mo v e  s h o r t  

p h o t o pe r i od i nd u c e d  g o na d a l c h a n g e s  we r e  we l l  e s t a b l i s h e d , 

s uc h  t h a t  t h e  p i n e a l  wa s t e r me d  a " n e u r o e nd o c r i ne 

t r a n s d uc e r " b y  Wu r t ma n  a nd A l e x r od ( 1 9 6 5 ) . 
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Wu r t ma n ( 1 9 7 8 ) e mp ha s i z e d  t ha t t h e  mo s t  r e g r e t t a b l e  a s pe c t  

o f  mu c h  p i ne a l r e s e a r c h  h a d  b e e n  t h e  c o n c e n t r a t e d  u s e  o f  

r a t s  a s  t he e x pe r i me n t a l  a n i ma l s . S e l e c t i ve br e e d i ng a nd 

i n b r e e d i ng o f  t h e s e  s t o c k s  h a ve r e s u l t e d  i n  a n  a n i ma l  o f  

n e g l i g i b l e  p h o t o p e r i od i c  s e ns i t i v i t y ,  a nd t h e r e f o r e  i t  ma y 

n o t  c o n s t i t u t e  t h e  mo s t  a p p r o p r i a t e  a n i ma l  mod e l .  O t h e r  

s e a s o na l a n i ma l s ma y h a ve e l i c i t e d  b e t t e r  r e s u l t s . T h e  f a c t  

t h a t  mu c h  e v i d e n c e  a r i s e s  f r o m l o ng - d a y  b r e e d i n g s pe c i e s  h a s  

a l s o ,  a t  t i me s ,  c o n f us e d  t h e  s t o r y  o f  t h e  r o l e o f  me l a t o n i n  

i n  r e p r o d u c t i o n a nd h a i r  g r o wt h . 

E x c e l l e n t  r e v i e ws o f  p i ne a l a na t o my a nd funct i o n  c a n  b e  f o u n d  

i n  N i r , R e i t e r  a nd Wu r tma n ( 1 9 7 8 ) a nd R e l k i n  ( 1 9 8 3 ) . Ma n y  

o f  t he s e  r e v i e ws c o n c e n t r a t e  o n  g o na d o t r o p h i c  r e s po n s e s  i n  

l a b o r a t o r y  a nd w i l d  a n i ma l s ,  a nd a p p l i ca t i o n s  t o  h uma n 

p h ys i o l og y . A l t h o u g h  t he p i n e a l  i nd o l e , me l a t o n i n ,  h a s  

r e c e i ve d  mo s t  o f  t h e  p ub l i c i t y o t h e r  p i ne a l  i nd o l e -a m i n e s  

a nd p o l yp e p t i d e s  a r e  s e c r e t e d  b y  t h e  p i n e a l g l a nd b u t  t he i r  

p h ys i o l o g i c a l  a c t i o n s  h a ve n o t  b e e n  a s  w i d e l y  s t ud i e d . 

5 . 1 . 5 . 2  Me l a t o n i n  a nd p h o t o pe r i od i c t i me -me a s u r e me n t  

I t  ma y b e  wo r t h w h i l e t o  s p e nd a s ma l l  a mo u n t  o f  t i me 

o u t l i n i n g t h e  wa ys i n  wh i c h  me l a t o n i n  i s  i n vo l v e d  i n  

p h o t o p e r i od i c  t i me - me a s u r e me n t . Two d i s t i nc t  hyp o t h e s e s  

ha ve b e e n  p r o p o s e d . I n  t h e  f i r s t , i t  i s  t h e  t o ta l d u r a t i o n 
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o f  me l a t o n i n  e x p o s u r e e a c h  d a y  wh i c h  d i c t a t e s  t he r e s p o n s e . 

T h e  s e c o nd h yp o t h e s i s  h a s  t h e  t i m i n g  o f  a da i l y r hy t h m  i n  

s e ns i t i v i t y t o  me l a t o n i n  r e l a t i ve t o  t h e  p e r i o d o f  me l a t o n i n  

s e c r e t i o n d e t e r m i n i n g t he r e s p o ns e . 

T h e  f i r s t  hyp o t h e s i s  i s  s u p p o r t e d  by e x p e r i me n t s  i n  wh i c h 

e x og e n o u s  me l a t o n i n  h a s  b e e n  g i ve n  t o  i nc r e a s e  t h e  d u r a t i o n 

o f  e x p o s u r e  t o  me l a t o n i n . Ca r t e r  a nd G o l d ma n  ( 1 9 8 1 )  a nd 

G o l d ma n  ( 1 9 8 2 ) ,  wo r k i n g w i t h  D j u n ga r i a n  hamp s t e r s , a nd 

B i t t ma n e t  a l . ( 1 9 8 2 ) w i t h  S u f f o l k  s h e e p  have u s e d  

p r o g r a mmed i n f u s i o n s  o f  me l a t o n i n  t o  s h ow t h a t  wh e n  b l o o d  

l e ve l s a r e  c o n t i n ua l l y e l e va t e d  f o r  mo r e  t ha n  1 2  h o u r s  e a c h  

d a y  f o r s e ve r a l we e k s , a s h o r t  d a y  r e s p o n s e  i s  s e e n . 

R e me mb e r t h a t me l a t o n i n  i s  r e l e a s e d  f r om t h e  p i n e a l d u r i n g 

d a r k ne s s  h o ur s . I f  b l o o d  l e v e l s  a r e  e l e va t e d  f o r s h o r t  

p e r i od s , e v e n i f  m o r e  t h a n  o nc e  p e r  d a y ,  t h e n  a l o n g  d a y  

r e s p o n s e  i s  s e e n . 

Tama r k i n  e t  a l . ( 1 9 7 6 ) s h o we d  t h a t  t h e  t i m i n g  o f  i n j e c t i o n s  

wa s c r uc i a l ,  w i t h  a f t e r n o o n  r a t he r t h a n  mo r n i n g e x t e n s i o n s  

b e i n g r e q u i r e d . A l me i d a a nd L i nc o l n  ( 1 9 8 2 ) s u p p o r t e d  t h e  

i nv o l vme n t  o f  c i r c a d i a n  r h yt hms . R o l l a g  a nd N i s we nd e r  

( 1 9 7 6 ) a nd K e n n a wa y  e t  a l . ,  ( 1 9 8 3 ) f o u n d  t ha t  me l a t o n i n  

s e c r e t i o n c o n t i n u e d  t o  '' f r e e  r u n "  t o  a 2 4  h o u r  r hy t h m  i n  

c o n s t a nt d a r k n e s s , b u t  wa s s up p r e s s e d b y  c o n t i n u o us l i g h t . 

T i m i ng e f f e c t s h a v e  a l s o  b e e n  n o t e d  by Wa t s o n - Wh i t me ye r a nd 

S t e t s o n ( 1 9 8 3 ) . I n  p i n e a l e c t om i z e d  hamps t e r s  n o  t i me e f f e c t  

wa s o b s e r ve d  ( Ta ma r k i n  e t  a l . ,  1 9 7 7 ;  G o l d ma n  e t  a l . ,  1 9 7 9 ) .  

5 . 1 . 5 . 3  Me l a t o n i n  a nd h a i r , wo o l  a nd h o r n  gr o wt h  c yc l e s 

P i n e a l i nv o l ve me n t ( v i a  me l a t o n i n ) i n  t h e  r e g u l a t i o n o f  h a i r  

g r o wt h  i n  m i c e  wa s d e mo n s t r a t e d  b y  H o u s s a y  e t  a l . ( 1 9 6 6 ) 

wh o o bs e r ve d  t h a t  p i ne a l e c t o my a c c e l e r a t e d  t h e  pa s s a ge o f  

wa v e s  o f  ha i r  g r o wt h ,  a nd s u b c u t a n e o u s  me l a t o n i n  i n j e c t i o n s  

t o  i n t a c t  o r  p i ne a l e c t o m i z e d  a n i ma l s  r e t a r d e d  t h e m .  R u s t 

a n d  M e ye r ( 1 9 6 9 ) i nd u c e d  me l a t o n i n  i mp l a n t e d  we a s e l s  t o  



m o u l t  t o  a w i n t e r  c oa t  wh e n  a n i ma l s we r e  h e l d  i n  

p h o t o pe r i od s  wh i c h  p r o mo t e d  s u mme r c oa t  f o r ma t i o n i n  

c o n t r o l  a n i ma l s . S i m i l a r l y ,  me l a t o n i n  i mp l a n t e d  wh i t e ­

f o o t e d m i c e  h e l d  i n  s umme r e nv i r o n me n t a l c o nd i t i o n s  

u nd e r we n t  a n  " a u t umn " mo u l t  t o  w i n t e r  c oa t s  ( L y n c h  a nd 

E p s t e i n ,  1 9 7 6 ;  H e a t h  a nd L yn c h , 1 9 8 1 ; 1 9 8 2 ) .  

6 0  

H o f f ma n n ( 1 9 7 3 )  d e l a ye d , b u t  d i d  n o t  p r e ve n t ,  a s p r i ng mo u l t  

i n  w i n t e r - ma i n t a i ne d , me l a t o n i n - i mp l a n t e d , S i be r i a n  

h a m p s t e r s  e x p o s e d  t o  l o ng p h o t o pe r i od s . T h e  r e p l a c e me n t  

c oa t , a l t h o u g h  c l o s e r  t o  s u mme r s t r uc t ur e ,  wa s wh i t e  

( w i n t e r ) c o l o u r e d . I n  a n i ma l s ma i n ta i ne d  o n  s h o r t  

p h o t o pe r i o d s  t h e r e  we r e  n o  d i f f e r e n c e s  b e t we e n  me l a t o n i n ­

t r e a t e d  a nd c o n t r o l  a n i ma l s . L o g a n a nd We a t h e r he a d  ( 1 9 8 0 ) 

c o n c l ud e d  f r o m s t u d i e s o f  c u l t u r e d h a m p s t e r  f o l l i c l e s ,  t h a t  

p i n e a l i nd o 1 e - am i n e s  ma y a c t  d i r e c t l y  o n  me l a n o g e ne s i s ,  b u t  

o t h e r  p h o t o pe r i od r e l a t e d e f f e c t s  o n  h a i r  g r o w t h  a r e  l i k e l y 

me d i a t e d  v i a  t h e  p i t u i t a r y  a nd o t h e r  e nd o c r i ne o r ga n s . 

M i n k ,  s u b c u t a n e o u s l y  i mp l a n t e d  w i t h  me l a t o n i n ,  we r e  d e l a y e d  

i n  t h e  s p r i ng mo u l t  o r  we r e  e a r l y  i n  t he a u t umn mo u l t  a l s o  

d e mo n s t r a t i ng t h e  a b i l i t y o f  me l a t o n i n  t o  m i m i c t h e  a c t i o n 

o f  s h o r t  d a ys ( A l l a i n  a nd R o u g e o t ,  1 9 8 0 ;  A l l a i n  e t  a l . ,  

1 9 8 1 ;  R o u g e o t  e t  a l . ,  1 9 8 4 ;  R o s e  e t  a l . ,  1 9 8 4 ) 

P i ne a l r e s e a r c h  i n  s h e e p  h a s c o n c e n t r a t e d  o n  i t s r o l e  i n  

s e a s o na l r e p r od u c t i o n a n d  t he o n s e t  o f  p u be r t y . Wo o l  

g r o wt h  r e s e a r c h  h a s  b e e n  q u i t e i nc o mp l e t e . I t  s e e ms 

r e g r e t t a b l e  t ha t  w o o l  g r o w t h s t ud i e s  h a v e  n o t  b e e n  c o up l e d  

w i t h  mo s t  o f  t h e s e  r e p r o d u c t i ve p r o j e c t s . 

L i n c o l n  e t  a l . ( 1 9 8 0 ) ,  u s i ng S oa y  r ams , s t ud i e d  t h e  e f f e c t s  

o f  s u p e r i o r c e r v i ca l  ga ng l i o n e c t o my ( wh i c h  d e s t r o ys 

i n n e r va t i o n o f  t he p i ne a l g l a nd ) o n  wo o l  a n d  h o r n  g r o wt h  i n  

a l t e r na t i ng 1 6 - we e k  p e r i od s  o f  s h o r t  ( 8 L : 1 6 D )  a nd l o n g  

( 1 6 L : 8 D )  d a ys f o r  t hr e e  ye a r s . I n  i n t a c t  rams b o t h  wo o l  

a nd h o r n  g r o w t h  f o l l o we d  t h e  i mp o s e d  l i g h t  r e g i me s . D u r i n g 

s h o r t  d ays , t he r a t e  o f  wo o l  a nd h o r n  g r o wt h  d e c l i ne d  a n d  
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d u r i n g l o n g  d a ys , mo u l t i n g o f  t h e  o l d c o a t  c o i n c i d e d  w i t h  

t he p ha s e  o f  i nc r e a s i ng wo o l  gr o wt h . I n  g a ng l i o n e c t om i z e d  

r a ms , wo o l  a nd h o r n  g r o wt h  d i d n o t  r e s p o nd t o  p h o t o pe r i od i c 

c h a n g e s  b u t , r a t he r ,  f o l l o we d l o n g  t e r m  c h a n g e s  i n  p l a s ma 

l e ve l s  o f  va r i o u s  p i t u i t a r y  h o r mo n e s .  O r a l l y a d m i n i s t e r e d  

me l a t o n i n  ha s b e e n  s h o wn t o  i nd uc e  a n t l e r  ma t u r a t i o n i n  

wh i t e - ta i l ed d e e r  ( B u b e n i k ,  1 9 8 3 ) .  

L i nc o l n  ( 1 9 8 3 ) n o t e d  t ha t  a l t h o u g h  me l a t o n i n  wa s a 

c o n ve n i e n t  me t h o d  o f  i nd u c i ng w i n t e r  c h a n g e s  d u r i ng t h e  

s umme r ,  t h e  r e ve r s e  e f f e c t s  we r e  n o t  s o  s i mp l y  a c h i e v e d . 

Ac c o r d i ng l y ,  s o me me t h o d  o f  b l oc k i ng t h e  a c t i o n  o f  me l a t o n i n  

i n  t h e  b r a i n ,  o r  t o  i n h i b i t  i t s r e l e a s e  wa s n e e d e d  t o  

c o u n t e r a c t  t h e  e f f e c t s o f  n a t ur a l  w i n t e r . 

5 . 1 . 5 . 4  P i ne a l - h o r mo n e  i n t e r a c t i on s  

T h e  o ve r a l l  e f f e c t  o f  t h e  p i ne a l g l a nd o n  t h yr o i d f u n c t i o n 

w o u l d  a p p e a r  t o  b e  i n h i b i t o r y . S e ve r a l  s t ud i e s  w i t h  

l a b o r a t o r y  s p e c i e s , r e v i e we d  by R e l k i n  ( 1 9 8 3 ) s h owe d t ha t 

t h e  a d m i n i s t r a t i o n o f  me l a t o n i n  t o  r a t s  r e d u c e d  t hyr o i d 

we i g h t s  a nd d e c r e a s e d  t h e  s e c r e t i o n r a t e  o f  t h yr o x i ne . 

P i n e a l e c t o my l e a d s  t o  t hyr o i d hype r t r o p hy a nd i nc r e a s e d  

t hyr o x i ne s e c r e t i o n .  T h e s e  wor k e r s  t h o ug h t  t ha t me l a t o n i n  

a c t e d  d i r e c t l y  o n  t h e  t hyr o i d . O t h e r  s t u d i e s  i n  R e l k i n ' s  

r e v i e w , h a ve s h o wn me l a t o n i n  t o  a c t  o n  t h e  h y p o t ha l a m i c ­

p i t u i t a r y  l e ve l w h e r e  T R H  r e l e a s e  a n d  s ub s e q u e n t  e f f e c t s  o n  

T S H  we r e  r e d u c e d  b y  t h e a d m i n i s t r a t i o n o f  me l a t o n i n . O t h e r  

s t u d i e s f o u n d  a p o s i t i ve f e e d ba c k  o f  t h e  t hyr o i d  o n  t h e  

p i ne a l . I n  g e n e r a l ,  l o n g  d a ys s h o u l d  r e s u l t  i n  h i g h e r 

t hyr o x i n e l e ve l s  t h a n  s h o r t d ays . T h i s  h a s  b e e n  v e r i f i e d by 

R yd e r ( 1 9 7 9 ) a nd L i nc o l n  e t  a l . ( 1 9 8 0 ) . 

T h e  e f f e c t  o f  t h e  p i n e a l o n  t h e a d r e na l s  i s  u n c l e a r  a nd ma y 

b e  s p e c i e s d e p e nd a n t . I n  r a t s , t h e  p i ne a l i n h i b i t s b o t h  

a d r e n a l  c o r t i c o s t e r o i d  s y n t h e s i s  a n d  s e c r e t i o n ,  t h e  l a t t e r  

d e c r e a s e  be i ng pa r t l y t h e  r e s u l t  o f  a c c e l e r a t e d  d e g r ad a t i o n . 
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M e l a t o n i n  a p p e a r s  t o  e x e r t  i t s e f f e c t s b o t h  d i r e c t l y  a nd v i a  

t h e  f e e d ba c k  r e s po n s e  o n  ACTH . 

T h e  e f f e c t s  o f  me l a t o n i n  o n  d i u r na l  va r i a t i o n h a v e  b e e n  

c o n f l i c t i n g ( R e l k i n ,  1 9 8 3 ) .  T h e  s e a s o na l  e f f e c t s  o n  s e r u m 

c o n c e n t r a t i o n s  o f  g l uc oc o r t i c o i d s  i n  l a r g e  a n i ma l s  a r e  n o t  

we l l  e s t a b l i s he d  o w i n g  t o  c o n f o u n d i ng e f f e c t s  o f  s t r e s s  a nd 

d i u r na l  va r i a t i o n ( Th un e t  a l . ,  1 9 8 1 ) . L o ng d a ys l o we r e d  

s e r um g 1 u c o c o r t i c o i d s  i n  c a t t l e  ( L e i n i n g e t  a l . ,  1 9 8 0 ) a nd 

i n  s he e p  ( Br i n k l o w  a nd F o r b e s , 1 9 8 4 a ) . P i n e a l e c t omy r e d u c e d  

t h i s  d e c l i ne i n  s he e p  ( B r i n k l o w a nd F o r b e s , 1 9 8 4 b ) . O t h e r  

s t ud i e s  h a ve r e p o r t e d  l i t t l e  o r  n o  p h o t o pe r i od i c e f f e c t s  i n  

s h e e p  ( K e n na wa y  e t  a l . ,  1 9 8 1 ;  L i n c o l n  e t  a l . ,  1 9 8 2 ) . L o ng 

d a ys e l e va t e d  s e r um g l uc o c o r t i c o i d s  i n  p i g s  ( Ba r n e t t  e t  a l . ,  

1 9 8 1 ;  K r a e l i n g e t  a l . ,  1 9 8 3 ) .  

P h o t o pe r i o d i c  e f f e c t s o n  g r o wt h  h o r mo ne a l s o  va r y  g r e a t l y 

b e t we e n  r e po r t s a nd b e t we e n  s pe c i e s . I n  r a t s ,  e n ha n c e d  

p i n e a l  a c t i v i t y r e d uc e d  t h e  p r o d u c t i o n a nd r e l e a s e  o f  

g r o w t h  h o r mo n e  i n  s ome s t ud i e s  ( Re l k i n ,  1 9 8 3 ) . I n  c a t t l e , 

p h o t o pe r i od h a s  n o t  h a d  a ny d e mo ns t r a t i ve e f f e c t  o n  g r o wt h  

h o r mo ne ( P e t e r s  a nd T u c k e r , 1 9 7 8 ) . I n  n o n - pr e g n a n t  g oa t s ,  

g r o wt h  h o r mo ne c o n c e n t r a t i o n s we r e  h i g h e r i n  l o n g  t h a n i n  

s h o r t  d a y  t r e a t me n t s  ( Te r gu i  e t  a l . ,  1 9 8 4 ) .  R e s u l t s  f r om 

d e e r  a r e  c o n f l i c t i ng . 

P r o l a c t i n  i s  c o n s i d e r e d  t o  b e  t h e  me t a b o l i c h o r mo n e  mo s t  

r e s p o ns i ve t o  s e a s o na l  i n f l ue nc e s  ( T u c k e r ,  1 9 8 2 ) . S t ud i e s 

i n  r a t s  a nd m i c e , r e v i e we d  b y  R e l k i n  ( 1 9 8 3 ) h a v e  p r o d u c e d  

c o n f l i c t i ng r e s u l t s . Und e r  n a t u r a l c o n d i t i o ns , e l e va t e d  

s e r um c o n c e n t r a t i o n s  o f  p r o l a c t i n  h a v e  b e e n  a s s o c i a t e d  w i t h  

s p r i n g a nd s umme r a nd d e p r e s s e d  c o n c e n t r a t i o ns h a v e  b e e n  

o b s e r v e d  d u r i ng a u t umn a nd w i n t e r i n  c a t t l e  ( K o p r o ws k i a nd 

T uc k e r ,  1 9 7 3 ) ,  s he e p  ( Ra va u l t ,  1 9 7 6 ;  Mu n r o  e t  a l . ,  1 9 8 0 ;  

B a s e  e t  a l . ,  1 9 8 2 ) ,  g o a t s  ( B u t t l e ,  1 9 7 4 ) ,  d e e r  ( M i r a r c h i  e t  

a l . ,  1 9 7 8 ) a nd w i l d p i gs ( Ra va u l t  e t  a l . ,  1 9 8 2 ) .  P r o l a c t i n  

c o n c e nt r a t i o n s  i n  h e i f e r s , u nd e r  c o n s t a n t  p h o t o pe r i od ,  r i s e 
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a nd f a l l  w i t h  s i m i l a r  c h a n g e s i n  t e mp e r a t u r e  ( We t t e ma n a nd 

T u c k e r ,  1 9 7 4 ) .  B u l l  c a l ve s , ma i n t a i n e d  a t  c o n s t a n t  

t e mp e r a t u r e , a l s o  va r i e d  p r o l a c t i n  c o nc e n t r a t i o n s  w i t h  

d ay l e n gt h . S i m i l a r  s t u d i e s  w i t h  s h e e p  h a v e  s h o wn t ha t  

p r o l a c t i n  c o n c e n t r a t i o n s  i n c r e a s e  w i t h  i nc r e a s e d  d a y l e ng t h  

( P e 1 l e t i e r ,  1 9 7 3 ;  F o r b e s  e t  a l . ,  1 9 7 5 ; 1 9 7 9 ; L i n c o l n  e t  a l . ,  

1 9 7 8 ) . S u pe r i o r  g a n g l i o ne c t o my r e d uc e s  o r  r e mo v e s t h e  

p h o t o pe r i od i nd u c e d  p r o l a c t i n  r e s p o n s e  i n  s h e e p  ( Ba r r e l l  

a nd L a pwo od ,  1 9 7 9 ; B r o wn a nd F o r be s ,  1 9 8 0; L i n c o l n  e t  

a l . ,  1 9 8 2 ;  B r i n k l ow a nd F o r b e s ,  1 9 8 4 a�) . C o n t i n u o u s  l i gh t  i s  

n o t  n e c e s s a r y  f o r  s t i mu l a t i o n  o f  p r o l a c t i n  r e l e a s e  a s  a 

p h o t o i nd u c i b l e  p ha s e  o f  p r o l a c t i n  s yn t h e s i s  e x i s t s  a b o u t  1 7  

h o u r s  a f t e r  d a wn i n  s h e e p  ( Ra va u l t  a nd O r t a va n t , 1 9 7 7 ;  

T h i mo n i e r  e t  a l . ,  1 9 7 8 ;  S c h a n ba c h e r  a nd C r o u s e , 1 9 8 1 ;  

B r i n k l o w a nd F o r b e s , 1 9 8 4 a . b ) . 

5 . 1 . 5 . 5  S u mma r y  

T h e  me c ha n i s ms t h a t  r e g u l a t e  t h e  p h o t o pe r i od i c  r hy t h m  o f  

wo o l  g r o wt h  i n  s h e e p  a r e  p o o r l y u nd e r s t o o d . Wha t  d o e s  s e e m  

l i k e l y  i s  t h a t  t h e  p i n e a l  g l a nd i nt e r a c t s  w i t h  t h e  e nd oc r i n e 

s ys t e m  t o  a l t e r  t h e  c i r c u l a t i ng l e ve l s o f  me t a b o l i c h o r mo n e s  

wh i c h t h e n  a f f e c t  w o o l  g r o w t h . E xa c t l y  wh i c h h o r mo n e s  a nd 

wh i c h a s p e c t s  o f  t h e i r  l e ve l s  a r e  i mp o r t a n t  h a ve n o t  b e e n  

c l e a r l y  s h o wn . F r o m  t h e  e v i d e nc e  p r e s e n t e d , t h e  t hy r o i d  

g l a nd , p o s s i b l y  i n t e r a c t i ng w i t h  t h e  a d r e na l s ,  s e e ms t h e  

mo s t  l i k e l y i n f l u e n c e  o n  s e a s o n a l wo o l  g r o wt h . T h e  r o l e  o f  

p r o l a c t i n  c e r t a i n l y  n e e d s  t o  b e  mo r e  c l e a r l y  d e f i n e d . 

S t r a i ns o f  s h e e p ,  w i t h  d i f f e r i ng p h o t o pe r i od i c s e ns i t i v i t y 

s h o u l d  b e  s t ud i e d  t o  d e t e r m i n e a t  wh i c h  l e ve l  t h i s  

s e ns i t i v i t y i s  b e i n g ma n i f e s t . I s  i t  a d i f f e r e n c e  i n  p i n e a l  

a c t i v i t y ,  a d i f f e r e n c e  i n  t h e  r e s p o n s e  o f  t h e e nd oc r i ne 

s ys t e m  t o  p i n e a l  s e c r e t i o n s , o r  i s  i t  a t  t h e  l e v e l o f  t h e  

p r o d u c t i ve t i s s u e s ? 

5 . 1 . 6  Mea s u r i ng t h e  s e a s o na l i ty o f  wo o l  gr o w t h  



6 4  

T h r e e  ma i n  t e c h n i q u e s  e x i s t  f o r  me a s u r i n g wo o l  g r o wt h  o ve r 

s h o r t p e r i od s . Wh o l e  a n i ma l  s h e a r i n g i s  i na p pr o pr i a t e  a s  i t  

ma y c o mp l i ca t e  na t u r a l  c yc l e s  w i t h  t h e  a d d i t i o n a l i n f l u e n c e s  

o f  t e mp e r a t u r e  r e g u l a t i o n ,  a l t e r e d  i n t a k e ,  a nd d a ma g e  t o  t h e  

s k i n .  C h a n g e s  i n  t h e  r a t e  o f  w o o l  g r o wt h  i n  e x p e r i me n t a l 

s h e e p  a r e  u s ua l l y me a s u r e d  b y  c l i p p i n g t h e  wo o l  a t  r e g u l a r  

i n t e r va l s  f r om a d e f i n e d  a r e a  o f  s k i n ;  b y  d ye - ba nd i n g t h e  

w o o l a t  s k i n  l e v e l w i t h  p e r ma n e n t  d ye ; o r  by l a be l l i n g t h e  

wo o l  w i t h  3 5 8 - l a be l l e d  c ys t e i ne v i a  i n t r a ve n o u s  i n j e c t i o n . 

A l l me t h od s  have i n h e r e n t  a d va n t a g e s  a nd d i s a d va nt a g e s  a n d  

t he e f f i ca c y  ma y d e pe nd o n  t i me i n t e r va l s  i n vo l ve d  a nd t h e  

u n i f o r m i t y  o f  f i br e  g r o wt h  i n  t h e  f l e e c e . 

5 . 1 . 6 . 1  T h e  tatto o e d  pa t c h  t e c h n i q u e  

T h e  t a t t o o e d  pa t c h  t e c h n i q u e  i nv o l ve s  r e g u l a r  ( u s ua l l y 

m o n t h l y )  c l i p p i n g o f  a l l  w o o l  o n  a d e l i n e a t e d  pa t c h  

( a p p r o x i ma t e l y  1 0 0 c m2 ) . C o n t i n u o us s a mp l i n g o f  t he 

p r od uc t i o n o f  t h e  s a me f o l l i c l e s  i nc r e a s e s  t h e  a c c u r a c y o f  

w i t h i n  s h e e p  c ompa r i s o n s . T h e  wh o l e  f l e e c e : pa t c h  p r o d u c t i o n 

c a n  b e  u s e d  t o  pa r t i t i o n wh o l e f l e e c e  g r o wt h ,  wh i c h  i s  

a pp r o p r i a t e  f or b o t h  w i t h i n - a nd b e t we e n - a n i ma l  c ompa r i s o n s . 

F a i l u r e  t o  r e ta i n a c o n s t a n t  p a t c h  s i z e a l t e r s  t he r a t i o  o f  

p a t c h : f l e e c e  p r o d u c t i o n . 

A l t h o u g h  c l i p p i ng p e r s e  h a d  n o  e f f e c t  o n  t h e r a t e  o f  wo o l  

g r owt h o n  m i d s i d e  pa t c he s , D o wn e s  a nd L y n e  ( 1 9 6 1 ) a nd 

W od z i c k a - T oma s z e ws k a  a nd B i g h a m  ( 1 9 6 8 ) c o n c l ud e d  t ha t  l o c a l 

c o o l i n g o f  t h e  pa t c h  c o u l d r e d u c e  wo o l  g r owt h  a n d  

e xa g g e r a t e  t h e  s e a s o na l  a mp l i t ud e  o f  wo ol g r o wt h . H o we ve r , 

i n  t h e  l a t t e r  o f  t h e s e  s t u d i e s  t h e  wh o l e  a n i ma l  wa s s h o r n  

e ve r y  1 6  wk s ,  a nd t h i s  wo u l d p r e v e n t  t h e  r e s t  o f  t h e  f l e e c e 

f r om i n s u l a t i n g t h e  pa t c h . T h e  p a t c h  t e c h n i q u e  a l s o  l a g s  

b e h i nd f o l l i c l e o u t p u t  d u e t o  t h e  5 - 1 0  d a y  eme r ge nc e  t i me o f  

t h e  f i b r e  ( D o wn e s  a nd S h a r r y ,  1 9 7 1 ) . 
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5 . 1 . 6 . 2  Dye - ba nd i n g 

D ye - b a n d i n g wa s d e ve l o pe d  b y  Cha p ma n  a nd Wh e e l e r  ( 1 9 6 3 ) 

u s i n g a we a k  a q u e o u s s o l u t i o n  o f  D u r a f u r  B l a c k  R wh i c h  h a s 

t h e  c a p a c i t y t o  d ye g r e a s y  wo o l  a t  s k i n  t e mp e r a t u r e . Dye ­

b a n d i n g a l s o  l e a v e s  t h e  p r o p r i o c l i ma t e o f  t he s k i n  

u nd i s t u r be d . As d i s c u s s e d  b y  S qu i r e s  ( 1 9 6 4 ) a n d  C l a r k  a n d  

K o h n ( 1 9 6 4 ) a c o r r e l a t i o n o f  0 . 8 8 - 0 . 9 7  e x i s t s b e t we e n  d y e ­

b a n d i n g a nd c l i pp i ng r e s u l t s i n  M e r i n o s h e e p . Dye - b a nd i n g 

g i ve s  e a s y  r e a d i n g s  o f  f i b r e  l e ng t h  a n d  i n t e r va l  d i a me t e r s  

c o u l d  b e  o b t a i n e d  b y  s a mp l i ng d y e d s t a p l e s . 

H owe ve r , L a n g l a n d s  a nd Wh e e l e r  ( 1 9 6 8 ) a nd Wh e e l e r  e t  a l . 

( 1 9 7 7 ) e mp h a s i z e d  t h e  d i f f i c u l t y o f  p r e d i c t i n g t h e  we i gh t  o f  

wo o l  f r om l e n g t h  a nd d i a me t e r  me a s u r e me n t s . T he t e c h n i q u e  

i s  a l s o  a f f e c t e d b y  s he d d i ng ,  we a r  a nd t h e  t e nd e nc y  o f  

i nd i v i d ua l  f i b r e s  i n  t he s t a p l e  t o  g r o w  a t  d i f f e r e n t  r a t e s . 

Wh e e l e r  e t  a l . ( 1 9 7 7 ) s u g g e s t  t ha t  t h e  t e c h n i q u e  may b e  

u n s a t i s f a c t o r y  f o r  c oa r s e , o p e n o r  me d u l l a t e d  f l e e c e s . 

5 . 1 . 6 . 3  Rad i o i s o t o p e  l a be l l i n g 

L a be l l i ng o f  wo o l  w i t h  r a d i o i s o t o p e s  wa s f i r s t  d e s c r i be d  b y  

D own e s  a nd L y n e  ( 1 9 5 9 ) . F u r t h e r  e va l ua t i o n o f  t h i s  

r a d i o a u t o g r a p h i c  t e c h n i q u e  u s i n g 3 5 S - c ys t e i n e wa s ca r r i e d  

o u t  b y  D owne s a nd L y n e  ( 1 9 6 1 ) a nd D o wn e s  a nd S ha r r y  ( 1 9 7 1 ) .  

T h e  a d va n ta g e  o f  t he t e c h n i qu e s  l i e s  i n  v e r y  s h o r t t e r m  

s t ud i e s  i n  wh i c h a c c u r a t e  i n f o r ma t i o n o n  d a i l y i nc o r p o r a t i o n 

o f  n u t r i e n t s i n t o  f i b r e s  i s  r e q u i r e d . As t h e  wo o l  i s  

l a b e l l e d  i n  t h e  f o l l i c l e , s a mp l e s  f o r s t ud y  a r e  n o t  r e mo v e d  

u n t i l  s o me t i me a f t e r  t h e  e nd o f  t h e  e x p e r i me n t . P e r i od s  a s  

s h o r t  a s  f o u r  d a ys c a n  b e  me a s u r e d . T h e  d i s a d va n t a g e , a s i d e  

f r o m c o s t ,  i s  t ha t  me a s u r e me n t s  a r e  r e q u i r e d  o n  s e ve ra l 

h u nd r e d  i nd i v i d ua l  f i br e s  a s  s ome f i b r e s  g r o w  a t  3 x  t h e  r a t e  

o f  o t h e r s . T h e  o t he r  s h o r t c o m i n g  i s  t h a t  i n f us i o n s  o f  

l a b e l l e d  c ys t e i n e ma y t h e ms e l v e s  a l t e r  t h e  n o r ma l  g r o w t h  o f  

f i b r e  by p r o v i d i n g s ub s t r a t e s  a t  r a t e s  o r  l e ve l s  n o t  
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p h ys i o l og i c a l l y n o r ma l . 

5 . 1 . 7 .  S u mma r y  

T h e  a n n u a l va r i a t i o n i n  wo o l  g r o w t h  i s  s i g n i f i ca n t  f o r a 

n u mb e r o f  r e a s o ns . T h e  s e a s o na l i t y o f  wo o l  g r o wt h  a p p e a r s  

t o  b e  c o n t r o l l e d  b y  a n u mb e r o f  p hys i o l o g i c a l s ys t e ms wh i c h  

u l t i ma t e l y  a r e  r e f l e c t e d  i n  t h e  e n t i r e a n i ma l . H o r mo na l 

i nv o l vme n t  i n  t h e  a n n u a l  c yc l e  i s  n o t  l i k e l y  l i m i t e d  t o  

l o c a l e f f e c t s  o n  t he ski n , b u t  i s  i nv o l ve d  o n  a l a r ge r 

s c a l e  w i t h  i nt a k e  a nd me t a b o l i c f un c t i o n .  

S t u d i e s d e a l i n g w i t h  d i f f e r e n t  b r e e d s , o r  s e l e c t e d  l i n e s  ma y b� 
a f f e c t e d  b y  s e a s o na l d i f f e r e n c e s  i n  t h e  r e l a t i ve l e v e l o f  

p e r f o r ma nc e . S e a s o n a l i t y  o f  wo o l  g r o wt h  i s  a l s o  l i k e l y  

r e f l e c t e d  i n  o t h e r  s e a s o na l t r a i t s s u c h  a s  r e pr o d u c t i o n ,  

e f f i c i e n c y  a nd i n t a k e . T h e  u nd e r l y i ng s e a s o na l i t y o f  ma n y  

a s p e c t s  o f  s he e p  p e r f o r ma nc e , a nd d i f f e r e n c e s  i n  s e a s o na l 

r e s p o n s e s  b e t we e n  g r o u p s , i s  e s s e n t i a l t o  s t u d y i ng mo s t  

a s p e c t s  o f  s h e e p  p e r f o r ma n c e . 

5 . 1 . 8  O b j e c t i ve s  o f  t h e  c u r r e n t  t r i a l  

T h e  o b j e c t i ve s  o f  t h e  c u r r e n t  t r i a l  we r e : 

1 )  t o  d e t e r m i n e t h e  c o r r e l a t e d  r e s p o n s e s  i n  t h e  s e a s o na l i t y 

o f  wo o l  g r o w t h  t o  s e l e c t i o n f o r h i g h  h o g g e t g r e a s y  f l e e c e  

we i g h t ; 

2 )  t o  q u a n t i f y t he i mp o r t a n c e  o f  s o u r c e s  o f  va r i a t i o n s u c h  

a s  s e x ,  b i r t h  r a n k , d a m  a g e , a nd s e l e c t i o n l i n e ; a nd ,  

3 )  t o  p r o v i d e  a d a t a b a s e  f o r  l a t e r  c o mpa r i s o n  w i t h  

s e a s o na l i t y o f  r e p r od u c t i o n ,  t h e  e s t i ma t i o n  o f  f e e d  i n t a k e  

a nd t h e me a s u r e me n t  o f  s t a p l e  s t r e n g t h . 

5 . 2  Ma t e r i a l s  a nd M e t h o d s  

5 . 2 . 1  Expe r i me n t a l  p l a n  
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T h e  s t u d y  wa s c o nd u c t e d  be t we e n  D e c e mb e r 1 1 t h ,  1 9 8 4  a nd 

O c t o b e r  2 3 r d ,  1 9 8 5  o n  1 9 8 4  b o r n  r a m  a nd e we h o g g e t s  f r om 

t h e F W  a nd C l i n e s . T h e s e  s h e e p  we r e  a b o u t  4 mo n t hs o l d a t  

t h e  s t a r t  o f  t h e  t r i a l  a nd 1 4  mo n t h s  o l d a t  t h e  c o nc l u s i o n . 

O n  D e c e mb e r 1 1 t h ,  1 9 8 4  wo o l  wa s r e mo v e d  f r o m a r i g h t  m i d s i d e  

p a t c h  ( a p pr o x i ma t e l y 8 cm by 8 c m ) o n  a l l  a va i l a b l e  F W  a nd C 

l a mbs . F l e e c e s  we r e  we i g h e d  a t  l a mb s h e a r i n g o n  D e c e mb e r 

1 2 , 1 9 8 4 . O n  D e c e mb e r  1 3 t h ,  1 9 8 4  a dye b a n d  wa s a p p l i e d a l o n g  

a n  8 c m  l i n e  a p p r o x i ma t e l y 2 c m  d i r e c t l y  a bo v e  t h e  d o r s a l 

e d g e  o f  t h e  m i d s i d e  p a t c h . 

Wo o l  s a mp l i n g ,  d ye ba nd i ng a nd me a s u r e me n t s  o f  l i v e  we i gh t  

we r e  c o n d u c t e d  e ve r y  4 we e k s  b e t we e n  l a mb a nd h o g g e t 

s he a r i n g o n  O c t o b e r  2 3 r d , 1 9 8 5 .  O n l y  t h o s e  s h e e p  wh i c h 

s u r v i ve d  u n t i l  t h e  c on c l u s i o n o f  t h e  e xp e r i me n t  we r e  

c o n s i d e r e d i n  t h e  a na l ys i s ,  a s  pa t c h  p r o d u c t i o n wa s u s e d  t o  

pa r t i t i o n t h e  h o g g e t f l e e c e  we i g h t  i n t o  2 8 - d a y  u n i t s . 

C o mp l e t e  me a s u r e me n t s  we r e  a l s o  n e e d e d  f o r  t he e s t i ma t i o n o f  

a mp l i t u d e  t r a i t s . T h r o u g h o u t  t h e  e xp e r i me n t  s h e e p  we r e  l o s t  

d u e  t o  d e a t h  a nd m i s p l a c e me n t . T he f i n a l d a t a s e t  c o n s i s t e d  

o f  5 4  C o n t r o l  ( C )  a nd 7 2  F l e e c e  we i g h t  s e l e c t e d  ( FW )  

h o g ge t s . As e we a nd r a m  h o gg e t s  we r e  g r a z e d  s e pa r a t e l y  r a ms 

a nd e we s  we r e  s a mp l e d o n  a d j a c e n t  d a ys . 

5 . 2 . 2  S a mp l i ng r o u t i ne 

B e t we e n  1 5 : 0 0 a nd 1 7 : 0 0 h o u r s  o n  t h e  d a y  b e f o r e  s a mp l i n g ,  

h o g g e t s  we r e  p u t  i n  a s h e d  o ve r n i g h t  w i t h o u t a c c e s s  t o  f o o d  

o r  wa t e r . B e t we e n  0 8 : 3 0 a nd 0 9 : 3 0 h o u r s l i ve we i gh t s  we r e  

t a k e n  a nd r e c o r d e d  o n  a l l  s he e p . Wo o l  s amp l i ng b e ga n  a t  

0 9 : 3 0 h o u r s  a nd c o n t i n u e d  t h r o u g h o u t  t h e  d a y . S a mp l i n g wa s 

c omp l e t e d  b e t we e n  1 5 : 0 0 a nd 1 7 : 3 0 h o u r s  a t  wh i c h t i me t h e  

s h e e p  we r e  r e t u r n e d  t o  pa s t u r e . 

E a c h  s h e e p  wa s l a i d  o n  i t s s i d e  o n  a t a b l e  f o r  s a mp l i ng .  
<'rl·, qside po.tc.h, tben patch 

Wo o l  wa s c l i pp e d  f r om t h eA s i z e wa s me a s u r e d  w i t h  c a l p e r s . 

At n o  t i me wa s t h e  pa t c h  a r e a  d i f f i c u l t  t o  i d e n t i f y a nd 
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e x t r e me ca r e  wa s t a k e n  n o t  t o  e x p a n d  t h e  pa t c h  a r e a  d u r i n g 

c l i p p i ng . As a p r e c a u t i o n ,  t h e  b o u n d a r i e s  o f  e a c h  p a t c h  

we r e  d e f i n e d  b y  t a t t o o i n g i n  m i d - F e b r ua r y . 

T h e  l e ng t h  o f  wo o l  g r o w n  d u r i n g t h e  p e r i od wa s me a s u r e d  t o  

t he n e a r e s t  mm a s  t he d i s t a n c e  b e t we e n  t h e  s k i n  a nd t h e  

b o t t om o f  t h e  p r e v i o u s  d ye ba n d  o n  u ns t r e t c h e d  s ta p l e s . A 

n e w  d ye b a nd wa s a p p l i e d  a nd t he s h e e p  wa s r e l e a s e d . Dye wa s 

p r e pa r e d  a c c o r d i n g t o  ( 1 9 63 )  a n d  a p p l i e d w i t h 

a s t a nd a r d  P a s t u e u r  p i pe t t e  d r a wn a l o ng t h e  s k i n . E xc e s s 

d ye wa s r e mo v e d  b y  s u c t i o n a f t e r  t h e  p i pe t t e  h a d  b e e n  

e mp t i e d o f  r e ma i n i n g d ye . Ap p r o x i ma t e l y  . 5  ml o f  d ye wa s 

a pp l i e d t o  e a c h  s he e p .  

5 . 2 . 3  S a mp l e  pr o c e s s i ng a nd c a l c u l a t e d  va r i a b l e s  

W o o l  s a mp l e s  we r e  c o nd i t i o n e d , we i g h e d , s c o u r e d  a nd 

r e we i g h e d  a s  o u t l i n e d  i n  c h a p t e r  4 . 2 . 3  e x c e p t  t h a t  f i n e l y  

w o v e n s i l k b a g s  r e p l a c e d t h e  me s h  b a g s  u s e d  i n  t ha t  

e x p e r i me n t . R e s i d ua l g r e a s e  me a s u r e me n t s  o b t a i ne d  f r o m e t he r  

e x t r a c t i o n o f  s c o u r e d  s a mp l e s  y i e l d e d b e t we e n  0 . 6 % a nd 2 . 2  % 

r e s i d ue i nd i ca t i n g t h a t  t h e  s c o u r i n g p r o c e d u r e  wa s a d e q ua t e . 

C l e a n  s a mp l e s  we r e  t h e n  c a r d e d  o n  ha nd c a r d e r s  t o  f r e e  

ma t t e d  f i b r e s . F i b r e  d i a me t e r  wa s d e t e r m i n e d  by t h e  A i r ­

f l ow me t h od ( An d e r s o n ,  1 9 5 4 ) .  F i b r e  d i ame t e r  wa s r e c o r d e d  

a s  t he me a n  o f  2 r e a d i ng s  o n  o ne s u bs a mp l e . D u r i n g w i n t e r 

mo n t h s  s ome o f  t h e  c l e a n  s a mp l e s  we i g h e d  l e s s  t h a n  2 gms s o  

t he a d a p t e d  a i r  f l o w  a p pa r a t us a nd me t h od d e s c r i be d  b y  

S um n e r ( 1 9 6 9 ) f o r 1 g m  s a mp l e s  we r e  u s e d . F i br e  d i ame t e r  

o f  t h e s e  " l i g h t " s a mp l e s  wa s r e c o r d e d  a s  t h e  me a n  o f  f o u r  

r e a d i n g s  o n  o n e  s u b s a mp l e . 

C o mp l e t e  d ye - ba nd e d  s t a p l e s  we r e  r e mo v e d  f o r  r e f e r e nc e  f r o m 

h a l f  t he dye - b a n d e d  a r e a  o n  Ma y 3 0 t h  a nd 3 1 s t , 1 9 8 5 . T h e  

s e c o nd ha l f - ye a r ' s  d ye ba nd e d  s ta p l e s  a nd f u l l yea r  d ye ­

b a n d e d  s t a p l e s  a n d  s u r r o u nd i ng wo o l  we r e  r e mo v e d  a t  t he 



l a s t  s amp l i ng o n  t h e  1 6 t h  a nd 1 7 t h  o f  O c t o b e r , 1 9 8 5  t o  

p r e v e n t  c o n t a m i na t i o n o f  t h e  f l e e c e w i t h  b l a c k  f i br e s . 

T h e s e  s t a p l e s  we r e  s a v e d  a nd u s e d  t o  e s t i ma t e s t a p l e  

s t r e n g t h  ( Ch a p t e r  8 ) . 

C l e a n  wo o l  g r o w t h  ( g  p e r  d a y ) i n  e a c h  mo n t h  o f  t h e  ye a r  

6 9  

wa s e s t i ma t e d  f r o m  mo n t h l y  c l e a n  s a mp l e s . Ea c h  mo n t h ' s  

c l e a n  pa t c h  wo o l  we i g h t  wa s e x pr e s s e d  a s  a pr o p o r t i o n o f  t he 

t o t a l  c l e a n  wo o l  g r o wn b y  t h e  pa t c h . T h e  c l e a n  f l e e c e  

we i g h t  wa s t h e n  mu l t i p l i e d b y  e a c h  mo n t h ' s  pr o p o r t i o na l  

g r o wt h . 

G r e a s y  f l e e c e we i gh t  wa s mu l t i p l i e d b y  t he s e  s ame 

p r o p o r t i o n s  t o  e s t i ma t e  t h e  m o n t h l y  c ha nge i n  g r e a s y  f l e e c e 

we i g h t . T h e s e  va l u e s  we r e  u s e d  t o  o bt a i n  f l e e c e - f r e e  l i v e  

we i g h t s  a t  e a c h  s a mp l i ng .  L i v e  we i g h t s  a nd l i ve we i g h t  

c h a n g e s  r e p o r t e d  s ub s e q ue n t l y  a r e  o n  a f l e e c e - f r e e  b a s i s  

u n l e s s  o t h e r w i s e  i nd i c a t e d . 

O t h e r  t r a i t s ca l c u l a t e d  f r om t he d a t a  i nc l ud e d  t h e  a mp l i t ud e  

( H - L ) / ( ( H + L ) / 2 ) ,  whe r e  H a n d  L r e f e r  t o  t h e h i g h e s t  a nd 

l owe s t  va l u e s  f o r  a pa r t i c u l a r  t r a i t  w i t h i n  a n i ma l . 

Amp l i t ud e s  o f  s e a s o na l  c h a n g e s  i n  c l e a n  wo o l  p e r d a y  ( CP D ) ,  

f i b r e  d i a me t e r  ( FD )  a n d  l e ng t h  p e r d a y  ( L P D ) a r e  d e s i g na t e d  

a s  C P D AMP , FDAMP a nd L P D AM P . O t h e r  va r i a b l e s  i nc l ud e d  t h e  

m o n t h  o f  t h e  l owe s t  va l u e s  f o r p a r t i c u l a r  t r a i t s a n d  a r e  

M L CP D ,  ML L P D ,  a nd ML F D . 

5 . 2 . 4  S ta t i s t i ca l  M e t h od s  

D a t a  f o r s i ng l e  me a s u r e me n t  t r a i t s s u c h  a s  g r e a s y  f l e e c e 

we i g h t  ( GF W ) , l a mb f l e e c e  we i g h t  ( L F W ) , we a n i n g we i g h t  ( WW ) , 

p o s t  s h e a r i ng l i ve we i g h t  ( P S L W ) , C P DAMP , F D AMP , L P DAM P , 

M L CP D ,  MLL P D  a n d  M L F D  we r e  a na l ys e d  by a na l ys i s  o f  va r i a n c e  

a c c o r d i ng t o  t h e  f o l l o wi n g  mod e l :  
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M od e l 5 . 1  

wh e r: e  
y i � k � = = a n  o bs e r va t i o n o f  wo o l  o r  we i g h t  c ha r a c t e r i s t i c  o n  

t h e  mt n s he e p  o f  s e x  k ,  s e l e c t i o n  l i n e 1 ,  d a m  a g e  j 
a n d  b i r t h  r a n k  i 

� = a n  o ve r a l l  me a n ,  

b � = t h e  r e g r e s s i o n c o e f f i c i e n t  o f  y i � k � = o n  x i � k � = 

wh e r e ,  

x i � k � m  = a n  o bs e r v e d  i nd i v i d ua l  b i r t h d a t e , 

r .�.  = t h e  f i xe d  e f f e c t  o f  t h e  i t h  b i r t h r: a n k c l a s s  

d � = t h e  f i xe d  e f f e c t  o f  t h e  · t n  a g e  o f  d a m  c l a s s  J ft.. t k  "' +h<!.. .(C.·,xe.o( e -ff- e c.  t o-f +-he. k S e.lt, 
1 �  = t h e  f i xe d  e f f e c t  o f  t h e  l t h  s e l e c t i o n l i n e , a nd 

e i � k � m = t h e  r a nd o m r e s i d ua l  a s s o c i a t e d  w i t h  a n  o bs e r va t i o n 
o n  t h e  mt n  s he e p  o f  s e x  k ,  s e l e c t i o n l i n e  l ,  w i t h  
d a m  a g e  

' 

a nd b i r t h  r a n k  i .  J 

M u l t i va r i a t e  a na l ys e s  we r e  c o nd u c t e d  o n  m o n t h l y  b o d ywe i g h t s , 

a nd mo n t h l y  me a s u r e me n t s  o f  CP D ,  L P D ,  F D . T h e  u nd e r l y i n g 

l i n e a r  mod e l wa s s i m i l a r  t o  M o d e l 5 . 1  b u t  i n c l ud e d  p ­

d i me n s i o na l  t i me e f f e c t s  a n d  t h e  i n t e r a c t i o n s  b e t we e n  t i me 

a nd d e s i gn f a c t o r s . I n  mo s t  c a s e s , i n t e r a c t i o ns b e t we e n  

ma i n  e f f e c t s  we r e  n o n s i gn i f i c a n t  a n d  we r e  d r o pp e d  f r om t h e 

m od e l ,  w i t h  t h e  e x c e p t i o n o f  l i n e  X s e x ,  wh i c h  i s  r e p o r t e d  

w he r e  s i g n i f i c a n t . N u l l h y p o t h e s e s  we r e  t e s t e d  u s i ng t h e  

C h i - s q ua r e d  s ta t i s t i c  a s  d e s c r i be d  b y  M o r r i s o n  ( 1 9 7 6 ) . 

5 . 3  R e s u l t s  a nd d i s c us s i o n 

5 . 3 . 1  L i ve we i g h t  

T h e  l e a s t  s q u a r e s  me a n s  ( by s e l e c t i o n l i n e )  f o r wea n i ng 

we i g h t  ( WW ) , p o s t - s he a r i ng l i ve we i g h t  ( P S L W ) , a nd mo n t h l y  

we i g h t s  d u r i n g J a n u a r y  t h r o ug h  t o  O c t o b e r  a r e  g i ve n ,  a l o ng 

w i t h  t h e i r  s t a nd a r: d  e r: r o r s  a nd i nd i c a t i o ns o f  s i g n i f i ca nc e , 

i n  Ta b l e  5 . 1 .  

5 . 3 . 1 . 1  F i xe d  e f f e c t s  
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A l t h o u g h  me a n  l i ve we i g h t s  a r e  n o t  p r e s e n t e d  f o r e a c h  mo n t h  

f o r e a c h  l e ve l o f  f i xe d  e f f e c t s , t he r e l a t i ve i mp o r t a nc e  o f  

t he s e  e f f e c t s  a nd t he a s s o c i a t e d  c ha n g e s  w i t h a d va nc i n g l a mb 

a g e  c a n  b e  d e r i v e d  f r o m t h e  r e pe a t e d me a s u r e s  a na l ys i s o f  

va r i a n c e . As t h e s e  e f f e c t s we r e  n o t  o f  c e n t r a l i n t e r e s t  i n  

t h i s  s t ud y ,  i t  wa s f e l t  t h a t  p r e s e n t a t i o n o f  a l l  s ub c l a s s  

me a n s wo u l d  b e  n e e d l e s s l y  r e pe t i t i ve . 

Da t e  o f  b i r t h  wa s a s i g n i f i c a n t  ( p < 0 . 0 0 1 ) c o va r i a t e  f o r 

l i ve we i g h t  t h r o ug h o u t  t he me a s u r e me n t  p e r i od .  T h e  

r e g r e s s i o n c o e f f i c i e n t  d i d  n o t  c ha ng e  s i g n i f i ca n t l y  

( 0 . 0 5 < p < O . l 0 )  a c r o s s  t i me .  Va l u e s  o f  t h i s  r e g r e s s i o n va r i e d 

f r om a l ow o f  1 4 1 ± 4 0  g / d a y  o f  a g e  i n  F e b r u a r y  t o  a h i g h o f  

2 2 7 ± 6 0  g / d a y  o f  a g e  i n  Ap r i l .  T h e  c o va r i a t e r e f l e c t s  

d i f f e r e nc e s  i n  c u mu l a t i ve we i g h t  p e r d a y  o f  a g e  a nd wa s n o t  

e xp e c t e d  t o  va r y  w i d e l y  g i ve n  t h e  r e l a t i v e l y  f l a t  g r o wt h  

c u r v e s  p r e s e n t e d  i n  Ta b l e  5 . 1 .  

S i n g l e - b o r n  l a mbs we r e  c o n s i s t e n t l y  h e a v i e r  ( p < O . O O l ) t h a n  

t w i n - b o r n  l ambs a l t h o ug h  t h e ma g n i t ud e  o f  t h i s  d i f f e r e nc e  

va r i e d a c r o s s  t i me ( p < O . O l )  a nd r a n g e d  f r o m 3 . 8 ± . 8  k g  a t  

we a n i ng t o  a l ow o f  2 . 1 ± . 6  k g  i n  J u l y  a nd Au g u s t .  B y  t h e  

t i me o f  h o gg e t s h e a r i ng ,  t he a ve r a ge d i f f e r e nc e  b e t we e n  

s i ng l e - a n d  t w i n - b o r n  l a mb s  h a d  r i s e n  t o  2 . 9 ± . 7  k g . S i m i l a r  

r e s u l t s h a ve b e e n  r e p o r t e d  b y  C h ' a ng ( 1 9 6 7 ) ,  S umne r  ( 1 9 6 9 ) 

a nd B i gharn e t  a l . ( 1 9 7 8� . 

L a mb s  b o r n  t o  3 a nd 4 ye a r  o l d e we s  we r e  c o ns i s t e n t l y  

h e a v i e r  t ha n  l a mbs b o r n  t o  2 a nd 3 ye a r  o l d e we s  a l t h o u g h  

t he o ve r a l l  e f f e c t  o f  d a rn  a g e  a c r o s s  t i me wa s n o t  

s i g n i f i ca n t  ( 0 . 0 5 < p < 0 . 1 0 ) . T h e  e f f e c t  o f  d a rn  a g e  d i d n o t  

c h a n g e  s i g n i f i c a n t l y o v e r t i me ( p > 0 . 3 0 )  a l t h o u g h  t h e  t r e nd 

wa s d e c r e a s i n g d i f f e r e n c e s  a s  t h e  l a mbs b e c a me o l d e r . 

R a m  l a mbs we r e  c o n s i s t e n t l y  h e a v i e r  ( p < O . O O l )  t h a n  e we l a mb s  

a nd t h e  r e l a t i ve a d va n ta g e  wa s n o t  c o n s t a n t  ( p < O . O O l ) o v e r  

t i me .  T h e  d i f f e r e n c e  b e t we e n  r a m  a nd e we l a mbs wa s 2 . 2 ± . 4  
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k g  a t  we a n i ng a nd r o s e  ma r k e d l y  o v e r  J a n ua r y ,  F e b r ua r y  a nd 

Ma r c h  ( 5 . 2 ± . 6  k g ) ,  d e c l i ne d  o v e r w i n t e r  ( 4 . 2 ± . 5  k g ) a nd 

i nc r e a s e d  a ga i n  n e a r  h o gge t s he a r i n g ( 5 . 3 ± . 5  k g ) . S e x  

d i f f e r e n c e s  i n  g r o w t h  pa t t e r ns c a n n o t  b e  d i r e c t l y  a t t r i b u t e d 

t o  s e x  i n  t h i s  s t u d y  a s  ram a nd e we l a mb s  we r e  g r a z e d  

s e pa r a t e l y  o n  d i f f e r e n t  b l o c k s  o f  t h e  Ma s s e y  U n i ve r s i t y 

f a r m .  M o n t h l y  c ha ng e s  i n  pa s t u r e  q ua l i t y a nd q ua n t i t y we r e  

n o t  s t a nd a r d i z e d  a c r o s s  s e x . 

5 . 3 . 1 . 2  S e a s o n a l t r e nd s  a nd l i n e  e f f e c t s 

G e n e r a l l y ,  l a mb s  g r e w  s t e ad i l y o v e r  J a n u a r y ,  F e b r ua r y  a n d  

Ma r c h . L i t t l e  c ha n g e  ( 0 . 2  - 1 . 6  k g ) i n  l i ve we i g h t  o c c u r r e d  

o v e r  w i n t e r . F W  l a mbs b e g a n  g r o w i n g  a ga i n  i n  J u l y  w h i l e C 

l ambs d i d n o t  ga i n  s i g n i f i ca n t  we i g h t  u n t i l  Aug u s t .  T h e  

r e l a t i ve a d va n t a g e  o f  F W  ove r C l a mb s  b e c a me s i g n i f i c a n t  i n  

l a t e  Ma y a nd c o n t i n u e d  t h r o ug h  t o  h o gg e t  s h e a r i ng . T h e  

r e l a t i ve a d va n t a g e  ( FW - C ) / C i s  a l s o  g i ve n  i n  Ta b l e  5 . 1 .  a nd 

r a ng e d  f r om a m i n i mum o f  - 1 . 3 3 % i n  J a n ua r y  t o  a ma x i mu m  o f  

6 . 9 9 %  i n  O c t o be r . As i n  S umn e r ' s  ( 1 9 6 9 ) d a t a , b o d y  we i g h t  

p l a t e a us c o i n c i d e d  w i t h  pe r i od s  o f  d e c r e a s e d  wo o l  g r o wt h  a nd 

t h e  r e t u r n  o f  p o s i t i ve g r o w t h  r a t e s  wa s a c c ompa n i e d b y  

i nc r e a s e d  wo o l  p r od uc t i o n a s  s e e n  i n  t h e  s u b s e q u e n t  

d i s c u s s i o n .  

5 . 3 . 2  Wo o l  g r o wt h  

T h e  l e a s t  s q u a r e s  me a n s  a nd s t a nd a r d  e r r o r s  by s e l e c t i o n 

l i n e  a nd mo n t h  f o r CP D ,  L P D  a nd F D  a r e  p r e s e n t e d , 

r e s pe c t i ve l y ,  i n  Ta b l e s  5 . 2 a , b  a n d  c a l o n g  w i t h  s i g n i f i c a n c e  

l e ve l s ,  m i n i mum a nd ma x i mum va l u e s  ( c l e a n  wo o l  g r o wt h  o n l y ) , 

a nd t he r e l a t i ve a d va n t a g e  o f  F W  o v e r  C a n i ma l s . T h e s e  d a t a  

f o r  CP D ,  L P D  a nd F D  a r e  a l s o  p r e s e n t e d , r e s p e c t i ve l y ,  i n  

F i g u r e s  5 . l a , b  a nd c ( by s e l e c t i o n l i n e ) a nd F i g u r e s  5 . 2 a , b  

a nd c ( b y s e l e c t i o n  l i ne a nd s e x ) . As w i t h  l i ve we i g h t  d a t a , 

s u b c l a s s  me a n s  f o r f i x e d  e f f e c t s  a r e  n o t  p r e s e n t e d  b u t  w i l l  

b e  d i s c u s s e d . 
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5 . 3 . 2 . 1  F i xe d  e f f e c t s 

C l e a n  wo o l  p r o d u c t i o n wa s s i g n i f i ca n t l y  a f f e c t e d  b y  d a t e  

b o r n  ( p < O . O O l ) ,  d a m  a g e  ( p < O . O l )  a nd s e x  o f  l a mb ( p < O . O O l ) . 

T h e  e f f e c t o f  d a t e  b o r n  wa s n o t  c o n s i s t e nt a c r o s s  t i me 

( p < O . O O l )  a nd va r i e d  i n  s i g n  w i t h  n o  d i s c e r na b l e  t r e nd 

e xc e p t  a t e nd e n c y  t o  b e  n e g a t i ve . L a t e r  b o r n  l a mb s  h a v i ng 

l o we r c l e a n  wo o l  p r o d u c t i o n p e r mo n t h  t ha n  e a r l i e r  b o r n  

l a mb s . T h e  e f f e c t  o f  d a m  a g e  wa s a l s o  i nc o n s i s t e nt a c r o s s  

t i me ( P < 0 . 0 5 )  w i t h  o n l y  3 ye a r  o l d d a ms b e i n g c o n s i s t e n t l y  

s u p e r i o r . C l e a n  wo o l  p r o d u c t i o n wa s n o t  s i g n i f i ca n t l y  

a f f e c t e d  by b i r t h  r a n k ( p > 0 . 5 0 ) . S e x  h a d  a ma j o r e f f e c t  o n  

C P D  ( p < O . O O l ) a nd wa s i n c o n s i s t e n t  a c r o s s  t i me ( p < O . O O l ) . 

R a m  l a mbs we r e  s u pe r i o r t o  e we l a mbs f r om l a mb s h e a r i ng 

u n t i l  Ma r c h . R e r a n k i ng s  o f  e we s  a nd r a ms we r e  c ommo n o v e r 

w i n t e r  w i t h  r a m  l a mbs b e c o m i ng c l e a r l y  s u p e r i o r f r om Aug u s t 

o n wa r d s t o  h o gg e t s h e a r i ng ( F i g u r e  5 . 2 a ) . As me n t i o n e d  i n  

t he p r e v i o us s e c t i o n ,  i t  i s  d i f f i c u l t  t o  i n t e r p r e t  s e x  

e f f e c t s  i n  t h i s  da t a  d u e  t o  t h e  g r a z i ng p r a c t i c e s  a d o pt e d  a s  

U n i ve r s i t y f a r m  p r o t o c o l .  

F i br e  l e ng t h  g r o wt h  r a t e  ( L P D ) wa s s i gn i f i c a n t l y  a f f e c t e d  by 

d a t e  o f  b i r t h  ( p < O . O O l )  a nd s e x  o f  l a mb ( p < 0 . 0 5 ) . Da t e  o f  

b i r t h  e f f e c t s  we r e  c o n s i s t e n t l y n e ga t i ve b u t  d i d  va r y  

s l i gh t l y  ( p < 0 . 0 5 )  a c r o s s  t i me w i t h  n o  c o n s i s t e n t  t r e nd s . 

S e x  e f f e c t s  we r e  n o t  a t  a l l  c o ns i s t e n t  a c r o s s  t i me ( p < O . O O l ) 

a nd va r i e d  i n  s i g n  ( F i g u r e  5 . 2 b ) . T h e  e f f e c t s  o f  d a m  a g e  

( p > 0 . 8 0 )  a n d  b i r t h  r a nk ( p > . l O ) we r e  n o t  s i gn i f i ca n t  a nd d i d 

n o t  va r y  wi t h  t i me .  

F i br e  d i a me t e r  wa s s i g n i f i c a n t l y  a f f e c t e d  by d a t e  o f  b i r t h  

( p < O . O l )  w i t h  l a t e r  b o r n  l a mb s  t e nd i n g t o  have f i n e r  f i b r e s . 

A l t h o ug h  t h e  ma g n i t ud e  o f  t h i s  t r e nd wa s n o t  c o ns i s t e n t 

a c r o s s  t i me ( p < . O l )  i t  wa s c o n s i s t e n t i n  s i gn . F i b r e  

d i a me t e r  d u r i n g t h e  y e a r  wa s n o t  a f f e c t e d  b y  d a m  a g e , b i r t h 

r a n k  o r  s e x  o f  l a mb . T h e  e f f e c t  o f  s e x wa s n o t  c o ns i s t e n t  



a c r o s s  t i me ( p < O . O O l ) w i t h  f e ma l e s  h a v i n g  g r e a t e r  f i b r e  

d i a me t e r s  t ha n  r a ms o n l y  d u r i ng t h e p e r i od f r om Ap r i l  t o  

Aug u s t ( F i g u r e  5 . 2 c ) . R e a s o n s  f o r  t h e s e  t r e nd s  b y  s e x  a r e  

u n c l e a r , a s  s t a t e d  p r e v i o u s l y . 

5 . 3 . 2 . 2  S e a s o na l  pa t t e r n s 
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A l l t h r e e  w o o l  t r a i t s s h o we d  s i g n i f i ca n t  s e a s o na l v a r i a t i o n .  

I n  b o t h  l i n e s ,  a nd i n  a l l  t r a i ts ,  p r od u c t i o n i nc r e a s e d  f r o m 

D e c e mb e r t o  J a n u a r y ,  p l a t e a u e d  b r i e f l y i n  F e b r u a r y  t h e n  

d e c l i n e d  u n t i l  Ap r i l -J u n e  a nd i nc r e a s e d  s t e ad i l y a f t e r wa r d s . 

S i m i l a r  h o g g e t  pa t t e r n s ( r a n g e s  a nd t i me s  o f  m i n i mu m  

p r o d uc t i o n ) f o r  R o mn e y  s h e e p  we r e  r e p o r t e d  b y  B i g h a m  e t  a l . 

( 1 9 7 8 � a nd S umne r  ( 1 9 7 9 ,  1 9 8 3 ) . 

Abs o l u t e  va l ue s  o f  c l e a n  wo o l  p r o d u c t i o n ,  a s  o p p o s ed t o  

p r od uc t i o n p e r  a r e a  o f  s k i n ,  we r e  u s e d  i n  t h i s  t r i a l  b e c a u s e  

t h e  n a t u r e  o f  t h e  d a t a  a l l o we d a c c u r a t e  pa r t i t i o n i ng o f  

c l e a n  f l e e c e we i g h t . S i nc e  t h e  s a me f o l l i c l e s a r e  b e i n g 

s a mp l e d  a t  e a c h  c l i p p i ng ( w i t h i n  a t a t t o o e d  pa t c h ) ,  t he 

c ompa r i s o n o f  p e r i od t o  p e r i od p r o d uc t i on i s  q u i t e a c c ur a t e . 

Whe n  t h i s  p r o d uc t i o n wa s d i v i d e d  b y  t h e  a r e a  o f  t h e  pa t c h , 

l a r ge d i s c r e pa n c i e s  b e g a n  t o  e me r ge i n  t h e  d a t a . Ma n y  o f  

t h e s e  p r o b l e ms a r e  p o s s i b l y  r e l a t e d  t o  t h e  d i f f i c u l t  t a s k 

o f  a c c u r a t e l y me a s u r i ng p a t c h  a r e a . M e a s u r e me n t  o f  p e r  a r e a  

o f  s k i n  p r o d u c t i o n a l s o  f a l s e l y  e n t r a i n s b o d y  g r o wt h  a nd 

w o o l  p r o d u c t i o n i n t o  a n e ga t i ve r e l a t i o n s h i p .  

M o s t s t u d i e s  ( Fe r g u s o n  e t  a l . ,  1 9 4 9 ; S t o r y  and R o s s , 1 9 6 0 ;  

S t ua r t  e t  a l . ,  1 9 6 1 ;  Ar n o l d  e t  a l . ,  1 9 6 4 ;  McFa r l a n e , 1 9 6 5 ;  

R o s s , 1 9 6 5 ;  D o n e y  a nd Ead i e ,  1 9 6 7 ;  W i l l i a ms a nd S u i j d e nd o r p ,  

1 9 6 8 ;  H o r t o n a nd W i c k h a m ,  1 9 7 9 ; H a wk e r  e t  a l . ,  1 9 8 4 , 1 9 8 5 ) o n  

s e a s o na l  va r i a t i o n i n  wo o l  g r o wt h  h a ve b e e n  c o n d u c t e d  o n  

ma t u r e  s h e e p  a nd t h e  va l u e s  a nd p a t t e r ns a r e  n o t  d i r e c t l y  

c ompa r a b l e  t o  h o gg e t d a t a . G e n e r a l l y ,  t h e  s e a s o na l c yc l e  i n  

F D  a p p e a r s  t o  l a g  b e h i nd t h a t  o f  L P D  a s  f o und b y  S t o r y  a nd 

R o s s  ( 1 9 6 0 ) ,  R o s s  ( 1 9 6 5 )  a nd S umn e r  ( 1 9 6 9 ) 
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L e a s t s q ua r e s  me a n s a nd t h e i r  a s s o c i a t e d  s t a nd a r d e r r o r s ( by 

s e l e c t i o n l i n e ) f o r  t h e  a mp l i t u d e  a nd mo n t h  o f  m i n i mu m  

p r od u c t i o n f o r  c l e a n  wo o l  g r o wt h ,  l e n g t h  a nd f i b r e  d i a me t e r  

a r e  s h o wn i n  Ta b l e  5 . 3  a l o n g  w i t h  g r e a s y  h o g g e t  f l e e c e 

we i g h t  ( GF W ) , c l e a n  h o g g e t f l e e c e  we i g h t  ( CF W ) , l a mb g r e a s y  

f l e e c e  we i g h t  ( LF W ) a nd t he r a t i o  o f  c l e a n  h o g g e t  f l e e c e  

we i gh t  t o  P S L W . 

T h e  a mp l i t u d e  o f  c l e a n  wo o l  g r o w t h  c o r r e s p o n d s  c l o s e l y  t o  

Ha r t ' s  ( 1 9 5 1 ) e s t i ma t e o f  8 5 % f o r  C o r r i e d a l e  e we s  i n  

C h r i s t c h u r c h . Va l u e s  c a l c u l a t e d  f r o m r e p o r t e d  s t ud i e s  

e l s e wh e r e  ( S t o r y  a nd R o s s , 1 9 6 0 ; R o s s , 1 9 6 5 ; B i g h a m  e t  a l . ,  

1 9 7 8� r a n g e  f r o m 4 3 % t o  1 1 4 %  f o r c l e a n  w o o l  g r o w t h  i n  ma t u r e  

R o mn e y  e we s , i nd i c a t i ng t ha t  va l u e s  ( 8 8 % - 1 1 9 % ) o b t a i ne d  i n  

t h i s  s t u d y  a r e  we l l  w i t h i n  r e a l i s t i c  l i m i t s . T h e  a mp l i t u d e  

o f  L P D  ( 5 2 % - 5 8 % ) c o r r e s p o n d s  we l l  t o  S t o r y  a nd R o s s  ( 1 9 6 0 ) 

a t  4 9 %  a n d  R o s s  ( 1 9 6 0 ) a t  4 0 % - 4 7 % . S i m i l a r l y , F D AMP i n  t h i s  

s t ud y  ( 2 6 % - 2 9 % ) s e e ms t o  b e  i n  t h e  r a n g e  o f  S t o r y a nd R o s s  

( 1 9 6 0 ) a t  3 8 % a nd R o s s  ( 1 9 6 5 ) a t  1 5 % - 2 4 % . 

C o r r e l a t i o n s  a mo n g s t s e a s o na l  wo o l  g r o wt h  va r i a b l e s  p o o l e d  

( wh e r e  h o m o g e n e o u s ) a c r o s s  g e n o ty p e s a re g i ve n i n  Ta b l e  5 . 4 .  

C o r r e l a t i o n s  s i g n i f i ca n t l y d i f f e r e n t  f r om z e r o  a r e  ma r k e d  

w i t h  a n  a s t e r i s k  ( w ) . C l e a n  f l e e c e we i gh t  wa s h i gh l y  

c o r r e l a t e d  w i t h  m i n i mu m  C P D . I n  a s i mp l e  r e g r e s s i o n 

a na l ys i s ,  J u n e  C P D  a l o n e  wa s a b l e  t o  e x p l a i n  7 6 %  o f  t he 

v a r i a t i o n i n  c l e a n  f l e e c e we i g h t . T h i s  i nd i ca t e s  t h a t 

s up e r i o r i t y f o r  c l e a n  f l e e c e  we i g h t  i s  h i g h l y  r e l a t e d t o  

w i n t e r  wo o l  p r o d u c t i o n i n  t h e s e  d a t a . Amp l i t ud e  va r i a b l e s  

we r e  n e ga t i ve l y c o r r e l a t e d  w i t h  g r e a s y  a n d  c l e a n  f l e e c e  

we i g h t  me a n i n g t ha t  s he e p  w i t h  l e s s  s e a s o na l  va r i a t i o n i n  

wo o l  g r o w t h  me a s ur e s  t e nd e d  t o  h a v e  h i g h e r  f l e e c e  we i g h t s . 

T h e  o p p o s i t e r e l a t i o n s h i p  wa s f o u n d  i n  t h e  M e r i n o by R e i s  

a nd W i l l i a ms ( 1 9 6 5 )  w h o  c o n c l ud e d  t h a t  s h e e p  w i t h  

p h e n o t yp i c a l l y h i g h  f l e e c e we i g h t  s h o we d  g r e a t e r  va r i a t i o n 

i n  s e a s o n a l wo o l  g r o wt h . T h e  r e l a t i o n s h i p  b e t we e n  amp l i t ud e  



a nd wo o l  g r o wt h  i n  t h i s  e x p e r i me n t  wa s n o t  d e pe nd e n t  o n  

s e l e c t i o n l i n e .  

5 . 3 . 2 . 3  S e l e c t i o n l i ne e f f e c t s 
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As s h o wn i n  Ta b l e s  5 . 2  a n d  5 . 3 , F W  s h e e p  ma i n ta i ne d  h i gh e r  

o v e r a l l  s e a s o na l l e ve l s  o f  p r o d uc t i o n ,  ma i n ta i ne d  h i g h e r  

m i n i mu m  l e ve l s o f  p r o d u c t i o n i n  w i n t e r , a nd h a d  s i mi l a r  

( F D AM P ) o r  r e d uc e d  ( CP DAMP , L P DAMP ) a mp l i t ud e s  o f  wo o l  g r o wt h  

c ha r a c t e r i s t i c s . 
wot.tld 

T h e  i n c r e a s e d  b o d y  g r o wt h  o f  FW s h e e p  i n  

l a t e  w i n t e rA n o r ma l l y s ug g e s t t h a t  i n t a k e s  we r e  h i g h e r  f o r  

F W  s he e p  i n  w i n t e r . T h e  p o s s i b i l i t y o f  i nc r e a s e d  e f f i c i e n c y  

o f  wo o l  a nd b o d y  g r o wt h  c a n n o t ,  h o we ve r ,  b e  d i s r e ga r d e d . 

I n  t h e s t ud y  o f  H a wk e r  a nd C r o s b i e  ( 1 9 8 5 ) ,  e we s  w i t h  a 

h i s t o r y  o f  h i g h w i n t e r  wo o l  g r o wt h  ( W+ )  we r e  ma i n t a i n e d  a t  

h i gh o r  l ow f e e d i n g l e ve l s  t h e  s u b s e qu e n t  w i n t e r . W +  e we s  

o u t pe r f o r med W- e we s  a t  b o t h  f e e d i ng l e ve l s ,  t h e  d i f f e r e nc e s  

b e i ng mo r e  p r o n o u n c e d  u nd e r  h i g h f e e d i ng .  T h e  s i g n i f i c a nc e  

o f  H a wk e r  a nd C r o s b i e ' s  wo r k  i s  t h a t  w i n t e r  p r o d uc t i o n 

d i f f e r e n c e s  ma y b e  d ue mo r e  t o  e f f i c i e nc y  t ha n  t o  i n t a k e . 

I n  t h i s  s t u d y ,  a s  i n  H a wk e r  a nd C r o s b i e  ( 1 9 8 5 ) , t h e  l a r ge s t  

p r o p o r t i o na l  d i f f e r e nc e  b e t we e n  t h e  l i n e s  o c c u r r e d d u r i ng 

w i n t e r  e ve n  t h o u g h  t h e  l a r ge s t  a bs o l u t e  d i f f e r e n c e  o c c u r r e d  

d ur i ng t h e  l a s t  m o n t h  p r i o r t o  h o g g e t s h e a r i n g . S ome 

a u t h o r s  ( Do n e y  a nd E a d i e ,  1 9 6 7 ;  B i g h a m  e t  a l . ,  1 9 7 8 ;  H a wk e r  

e t  a l . ,  1 9 8 4 ) s u g g e s t  t h a t  w i t h i n  a nd b e t we e n  b r e e d / g r o u p  

c o mpa r i s o n s  a r e  mo r e  d i s c e r n i ng a t  h i g h e r l e ve l s  o f  

p r o d u c t i o n .  

T h e s e  r e s u l t s  s u g g e s t  t ha t ,  d e pe nd i n g o n  t he p u r p o s e  o f  p e n ­

f e d  s t ud i e s , t h e  t i me t o  c o nd u c t  t r i a l s  d e a l i ng w i t h  

me t a b o l i c / h o r mo na l d i f f e r e n c e s  b e t we e n  l i n e s  i s  i n  w i n t e r , 

wh e n  p r o p o r t i o na t e  d i f f e r e n c e s  b e t we e n  g r o u ps a r e  l a r g e s t . 

I f  F W  s h e e p  a r e  t r u l y  l e s s  s e a s o n a l t ha n  C s he e p ,  a s  t h e  

d a t a  s ug ge s t ,  t h e n t h e y  s h o u l d  b e  mo r e  l i k e l y  t o  r e s p o nd t o  
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n u t r i t i o n a l s t i mu l u s d u r i n g t h i s  p e r i od . A l t h o u g h  a d u l t  

d i f f e r e n c e s  i n  l a t e  s pr i ng / e a r l y  s u mm e r wo o l  g r owt h we r e  n o t  

me a s u r e d  i n  t h i s  t r i a l ,  t h e  r e l a t i ve c o n t r i b u t i o n  o f  t h i s  

s e c t i o n o f  t h e  c u r ve s h o u l d  b e  c o n s i d e r e d . I n  ma n y  

r e s pe c t s , t h e  F W  l i n e h a s  s i m i l a r  p r o d u c t i ve c h a r a c t e r i s t i c s  

t o  t h e W+ l i n e s  o f  H a wk e r  a nd C r o s b i e  ( 1 9 8 5 ) . I t s h o u l d  b e  

i n ve s t i ga t e d  wh e t h e r  o r  n o t  t h e  s e a s o na l  pa t t e r n  o f  wo o l  

g r o w t h  c a n  b e  r e mo v e d  e v e n  f u r t he r ,  i n  F W  s he e p  c ompa r e d  t o  

c ,  b y  s u p p l e me n t a l w i n t e r  f e e d i ng .  

I n  a g r e e me n t w i t h  o u r f i nd i ng s , D o n e y  ( 1 9 6 4 ) s u g ge s t e d  t h a t  

g e ne t i c d i f f e r e n c e s  i n  me t a b o l i c  r e s p o n s e s  t o  " u n s p e c i f i e d  

s e a s o na l f a c t o r s " m i g h t  b e  r e mo v e d  b y  i n t e n s i ve s e l e c t i o n 

f o r  wo o l  g r o wt h . I n  c o n t r a s t ,  Ha wk e r  e t  a l . ( 1 9 8 5 )  c o u l d  

n o t  d e t e c t a d i f f e r e nc e  i n  t h e  a n n u a l pa t t e r n  o f  wo o l  g r o wt h  

b e t we e n  s c r e e n e d  h i gh a nd l o w f l e e c e we i g h t  l i n e s , a s  t h e  

e n t i r e  c u r v e  s e e me d  t o  b e  l i f t e d  i n  t h e  h i g h  f l e e c e we i g h t  

g r o u p . 

Ove r t h e  c o u r s e  o f  t h e  r e pe a t e d c l i pp i ng s  o f  t he m i d s i d e  

s k i n  a r e a , i t  wa s n o t e d  t ha t  F W  a nd C a n i ma l s h a d  o bs e r va b l e  

d i f f e r e n c e s  i n  t h e  c o l o u r  o f  s k i n  b e n e a t h  t h e  p a t c h . 

A l t h o u g h  t h e s e  d i f f e r e n c e s  we r e  d i f f i c u l t  t o  q ua n t i f y a n  

e f f o r t  wa s ma d e , o n  t wo s e pa r a t e  s a mp l i ng t i me s ,  t o  i d e n t i f y 

t h e  g e n o t yp e  o f  e a c h  s h e e p  me r e l y b y  e xa m i n i n g s k i n  c o l o u r  

( n o o bv i o u s  l i ne i d e n t i f i c a t i o n s  we r e  p r e s e nt - a l l o c a t i o n s  

t o  l i n e we r e  c h e c k e d  a g a i n s t  s h e e p  n umb e r s  o n  t h e  d a t a  

s h e e t s ) .  O n  b o t h  o c c a s i o n s , s e l e c t i o n l i ne wa s c o r r e c t l y  

i d e n t i f i e d i n  8 o u t  o f  1 0  a n i ma l s . F W  s he e p  h a d  muc h  

b r i g h t e r  s k i n  c o l o ur c ha r a c t e r i s e d  b y  v i s i b l e  p i nk ne s s . C 

s h e e p  had c ha l k y  s k i n  w i t h o u t  p i n k h u e s a nd w i t h  a 

p r e va l e n c e  o f  b r o wn o r  g r e y  h u e s . A l t h o u gh t h e  s i gn i f i c a n c e  

o f  t h i s  o bs e r va t i o n i s  u n c l e a r ,  f u r t h e r  i n v e s t i ga t i o n i n t o  

d i f f e r e nc e s  i n  s k i n  t e mp e r a t u r e , o r  s u r f a c e  c i r c u l a t i o n may 

b e  wa r r a n t e d . 

G i ve n  t h e  i nc r e a s e d  r e pr od u c t i ve s e a s o n ,  a nd e xt e nd e d  p e r i o d 



o f  h i g h  o v u l a t i o n r a t e  i n  t h e  W+ e we s  o f  M o n t g o me r y a nd 

H a wk e r  ( 1 9 8 7 ) ,  a nd t h e  h i g h r e l a t i o n s h i p  o f  w i n t e r  wo o l  

g r o wt h  t o  h o g g e t f l e e c e we i g h t  i n  t h i s  t r i a l , me a s u r e s  o f  

w i n t e r  wo o l  g r o w t h  ma y ye t p r o v e  va l ua b l e  a s  a d d i t i o n a l 

s e l e c t i o n c r i t e r i a i n  r a m  o r  e we s e l e c t i o n . 

7 8  



P l ate 5 . 1 Dye -banded s tap l e s  i n  re l ati on  to the mi ds i de patch 



Ta b l e  5 . 1  L e a s t  s q ua r e s  me a ns ( L S M ) , s ta n d a r d  e r r o r s ,  
p e r c e n t a g e  a d va n t a g e  ( ( F W - C ) / C ) * 1 0 0 . a nd 
s i g n i f i ca n c e  o f  m o n t h l y  l i ve we i g h t , we a n i ng 
we i gh t  ( WW )  a nd p o s t  s h e a r i ng l i ve we i g h t  ( P S L W ) 
b y  s e l e c t i o n  l i n e . 

M o n t h  C L S M  F W  L S M  s i g .  
'ro 

( FW - C ) / C 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

ww 2 1 . 8 ± . 4  2 1 . 5 ± . 3  n s  - 1 . 3 3 

J AN 2 4 . 1 ± . 4  2 4 . 2 ± . 5  n s  0 . 4 1 

F E B  2 7 . 2 ± . 3  2 7 . 5 ± . 5  n s  1 . 1 0 

MAR 2 9 . 2 ± . 4  2 9 . 9 ± . 5  n s  2 . 4 0 

AP R  2 9 . 1 ± . 3  2 9 . 8 ± . 4  n s  2 . 4 1 

MAY 3 0 . 0 ± . 4  3 0 . 9 ± . 3  * 3 . 0 0 

J U N  2 9 . 3 ± . 4  3 1 . 2 ± . 3  * *  6 . 4 8 

J UL 3 3 . 3 ± . 3  3 4 . 8 ± . 4  * *  4 . 5 0 

AUG 3 3 . 5 ± . 4  3 5 . 8 ± . 4  * *  6 . 8 7 

S EP 3 8 . 6 ± . 5  4 1 . 3 ± . 4  * *  6 . 9 9 

O C T  4 1 . 3 ± . 5  4 2 . 6 ± . 4  * *  3 . 1 5 

P S L W  4 0 . 9 ± . 5  4 3 . 1 ± . 4  * *  5 . 3 8 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

* p < 0 . 0 5 

* *  p < 0 . 0 1 

* * *  p < 0 . 0 0 1 

8 0  



8 1  

T a b l e  5 . 2  S e a s o na l wo o l  g r o w t h  o f  C a nd F W  h o gg e t s : 
l e a s t  s qu a r e s  me a n s  ( L S M ) , s t a nd a r d  e r r o r s , 
s i g n i f i ca nc e , a nd p e r c e n t a g e  a d va n t a g e  
( ( FW- C ) / C ) * 1 0 0 . 

a .  C l e a n  wo o l  g r o wt h  ( g/ d a y )  � 

CONTR O L  
9o 

F L E E C E  WE I GH T  ( FW- C ) 
M o n t h  L S M  M i n  Ma x L S M  M i n  Ma x C 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

D E C  
J AN 
F E B  
MAR 
AP R 
MAY 
J UN 
J U L  
AUG 
S EP 
O C T  

8 . 1 4 ± . 3 7 
1 1 . 0 2 ± . 4 8 
1 0 . 0 3 ± . 4 0 

7 . 6 7 ± . 3 9 
6 . 8 8 ± . 3 9 
7 . 6 6 ± . 3 5  
5 . 9 2 ± . 3 7 
6 . 7 7 ± . 3 9 
7 . 2 7 ± . 4 6  
9 . 2 0 ± . 5 4 

1 2 . 4 6 ± . 5 3 

4 . 3 9 
5 . 8 8 
5 . 3 8 
4 . 5 8 
2 . 9 7 
4 . 0 8 
2 . 9 2  
4 . 1 1 
4 . 7 8 
4 . 2 5 
6 . 6 8 

1 3 . 7 5 
1 6 . 1 1 
1 6 . 8 2 
1 2 . 4 0 
1 2 . 8 3 
1 1 . 1 3 

9 . 1 2 
1 1 . 9 4  
1 1 . 5 7 
1 4 . 7 3 
2 0 . 2 0 

9 . 8 5 ± . 3 2 
1 2 . 9 3 ± . 4 2 
1 1 . 7 3 ± . 3 5 

8 . 9 8 ± . 3 4 
8 . 4 3 ± . 3 5 
9 . 6 6 ± . 3 1 
8 . 5 4 ± . 3 3 

1 0 . 4 9 ± . 3 5 
1 0 . 4 8 ± . 4 0 
1 2 . 9 7 ± . 4 7 
1 6 . 9 4 ± . 4 6 

5 . 2 2 
7 . 0 6 
7 . 0 2 
5 . 0 7 
4 . 6 1 
6 . 4 9 
4 . 8 0 
5 . 8 9 
5 . 2 1 
7 . 9 3 
9 . 1 2 

1 5 . 8 8 
1 8 . 0 9 
1 6 . 8 8 
1 3 . 9 8 
1 3 . 5 5 
1 3 . 7 2 
1 3 . 2 0 
1 4 . 4 0 
1 5 . 2 6 
2 3 . 3 3 
2 5 . 4 6 

2 1 . 0 1 
1 7 . 3 3 
1 6 . 9 5 
1 7 . 0 8 
2 2 . 5 3 
2 6 . 1 1 
4 4 . 2 6  
5 4 . 9 5  
4 4 . 1 5 
4 0 . 9 8 
3 5 . 9 6  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

� a l l  mo n t h l y  c l e a n  w o o l  g r o w t h  va l ue s  a r e  s i g n i f i ca n t l y  
a f f e c t e d  b y  s e l e c t i o n l i n e ( p < . 0 0 1 ) 

Ta b l e  5 . 2  S e a s o na l  wo o l  g r o wt h  o f  C a nd FW h o g g e t s : 
l e a s t  s q ua r e s  me a n s  ( L S M ) , s t a nd a r d  e r r o r s ,  
s i g n i f i ca nc e , a nd pe r c e n t a g e  a d va n ta g e  
( ( FW- C ) / C ) * 1 0 0 . 

b .  L e ng t h  p e r  d a y  ( mm/d a y ) 
Ofo 

M o n t h  C L S M  F W  L S M  s i g . ( FW - C ) / C 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

D E C  . 4 7 ± . 0 1 . 5 0 :t . 0 1 * *  7 . 0 7 
J AN . 5 1 ± . 0 1 . 5 5 ± . 0 1 * * *  7 . 5 0 
F E B  . 4 8 ± . 0 1 . 5 3 ± . 0 1 * * *  9 . 5 8 
MAR . 4 6 ± . 0 1 . 4 9 ± . 0 1 * 6 . 3 2 
APR . 4 5 :t . 0 1 . 4 7 ± . 0 1 * 5 . 6 1 
MAY . 4 5 ± . 0 1 . 5 0 ± . 0 1 * * *  1 0 . 7 1 
JUN . 3 9 :t . 0 1 . 4 6 ± . 0 1 * * *  1 6 . 7 5 
JUL . 4 6 ± . 0 1 . 5 2 ± . 0 1 * * *  1 4 . 4 4 
AUG . 4 7 :t . 0 1 . 5 2 :t . 0 1 * * *  1 1 . 9 4 
S EP . 5 2 ± . 0 1 . 5 8 ± . 0 1 * * *  1 1 . 54 
O CT . 5 7 :!: . 0 1 . (; 2 ;!: .  0 1  � 7C .IJ(  8 . 010 

* p < 0 . 0 5 
* *  p < 0 . 0 1 

* * *  p < O . O O l  



T a b l e  5 . 2  S e a s o na l wo o l  g r o wt h  o f  C a nd FW h o g g e t s : 
l e a s t  s q ua r e s  me a n s  ( L S M ) , s ta nd a r d  e r r o r s , 
s i g n i f i ca n c e , a n d  p e r c e n t a g e  adva n t a ge 
( ( FW- C ) / C ) * 1 0 0 . 

c .  Ave r a ge f i b r e  d i a me t e r  ( }J.m )  

�0 
M o n t h  c L S M  F W  L S M  s i g .  ( FW - C ) / C 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

D E C  3 0 . 2 ± . 4  3 1 . 0 ± . 4  * 2 . 6 4 
J AN 3 3 . 0 ± . 5  3 3 . 7 ± . 4  p < . 1 0 2 . 1 2 
F E B  3 3 . 3 ± . 4  3 3 . 9 ± . 4  p < . 1 0 1 . 8 0 
M AR 3 1 . 3 ± . 5  3 1 . 5 ± . 4  n s  0 . 6 4 
AP R  3 0 . 1 ± . 5  3 0 . 7 ± . 4  n s  1 . 9 9 
MAY 3 1 . 0 ± . 5  3 2 . 4 ± . 5  * * *  4 . 5 2 
J U N  2 9 . 6 ± . 6  3 1 . 8 ± . 5  * * *  7 . 4 3 
J UL 3 0 . 1 ± . 5  3 3 . 3 ± . 5  * * *  1 0 . 6 3 
AUG 3 0 . 4 ± . 6  3 3 . 2 ± . 5  * * *  9 . 2 1 
S E P 3 2 . 6 ± . 6  3 5 . 2 ± . 5  * * *  7 . 9 8  
O C T  3 5 . 7 ± . 5  3 8 . 3 ± . 5  * * *  7 . 2 8 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

8 2  
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8 9  

Ta b l e  5 . 3  C ha r a c t e r i s t i c s  o f  t h e  s e a s o na l pa t t e r n  o f  
wo o l  g r owt h ,  g r e a s y  f l e e c e  we i g h t  ( GF W ) , c l e a n  
f l e e c e  we i g h t  ( CF W ) , g r e a s y  l a mb f l e e c e  we i g h t  
( L F W ) a nd a v e r a g e  f i br e  d i a me t e r  ( FD )  i n  C a n d  

F W  s he e p . L e a s t  s q ua r e s  me a n s , s ta nd a r d  
e r r o r s , a n d  p e r c e nt a g e  a d va n t a g e  ( FW­
C ) / C ) * 1 0 0 . 

T r a i t  C L S M  F W  L S M  s i g .  ( FW ± C ) / C 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

C P D AM P ( % )  1 1 9 . 1 6 ± 6 . 2 7 8 8 . 7 8 ± 5 . 4 9 * * *  - 2 5 . 4 8 

L P D AM P ( % )  5 8 . 7 3 ± 2 . 3 7 5 2 . 3 7 ± 2 . 0 9 * - 1 0 . 8 3 

F DAMP ( % )  2 6 . 8 2 ± 0 . 8 8 2 8 . 6 3 ± 0 . 7 7 p < . 1 0 6 . 7 5 

M L CP D 4 . 6 2 ± . 4 6 6 . 2 6 ± . 5 6 * *  

M L L P D 5 . 1 7 ± . 3 9 4 . 8 2 ± . 3 4 n s  

M L F D  5 . 0 8 ± . 4 7 3 . 6 6 ± . 4 0 * *  

L FW ( k g )  0 . 9 8 ± . 0 2 1 . 1 0 ± . 0 2 * * *  1 2 . 2 4 

GFW ( k g )  3 . 6 2 ± . 0 7 4 . 7 8 ± . 0 6 * * *  3 2 . 0 4 

C F W  ( k g )  2 . 5 7 ± . 0 6 3 . 4 0 ± . 0 5 * * *  3 2 . 3 3 

F D  ( ).lm )  3 1 . 7 4 ± . 2 5 3 3 . 4 0 ± . 2 2 * * *  5 . 2 0 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

* p < 0 . 0 5 

* *  p < 0 . 0 1 

* * *  p < O . O O l  



Tab l e  5 . 4  Poo l ed ( w h e r e  ho1og e n e ou s 1  or w 1 t h 1 n  l i n e  I C/FW J  c o r r e l at i on s  b e t ween 

wool  g r ow t h  c h a r ac t er l s t ! c s  ( c or r e c t ed 

for  DB,  BR,  DA and SEX l 1  

LCPD LLPD FDAMP CPDAMP LPDAHP H F D  SFW C F W  S L  HLFD MLCPD MLLPD 

LFD . 631 . 26+ - . 581  - . 581  - . 33+ . 78 +  . 371  . 451 . 1 6 - . 1 1  - . 1 7  - . 04 

LCPD 
LLPD 

FDAMP 
CPDAHP 
LP DAMP 

FD 
GFW 
CFW 
SL 

HLFD 

. 57 t  - . 43 t  - . 73+ - . 53+ . 4 7 +  . 73t  . BO t  . 30 t  - . 2 1 t  - . 1 3  - .  4 t / , 1 

- . 09 - . 36t - . 7 4 t  . 27+  . 39 t  . 5 1 t  . 59 t  - . 20+  - , 41 / , 1 - , 51 / . 2  

. 63t / . 8 1 t  . 30 1  - . 1 4  - . 06 - . 08 . 09 - . 1 5  - . 08 

. 60 t  - . 27t  - . 2 1 t  - . 26+ - . 06 . 09 . 05 

- . 05 

. 1 1  

- .  2 0 t  - . 22 t  - . 28t - . 23+ . 1 3 . 1 2 . 38 t / - . 1 

. 43t  . 531 . 30 t  - . 1 5  - . ! 9 t  . 02 

. 94t . 3 1 t  - . 1 7  - . 1 '3t - .  0'3 

. 44+ - . 1 6  - . 1 5  - . 24r / , 1 

- . 0& - . 07 - . 1 4 / - . 1 7  

. 73t / . 42t . 37 t  

MLCPD . 37 t  

1 * c or relatiM:> s \jn'• fico.Vlfl_tj d:,fte..-eni. �rom -zero ( p £:. O.oi) 
where_"' 

LFD m',ni m � m  month/� .f:tbre diame.t-er-
L CPD m·,ni mu m fYlor1fl� c.lea.n woo I ,yow#, 
L L PD IYf1 nirau m m oVl 0 !enj'ifl 3rowtl1 
M LF'D m o n� o{ m·,Yi·t mum -C; b re d.ic;t.WJ.e:!-e�r 
M L.C PD mori#! o{ m in ivnum c /e.a.Vl woo /  s row-11, 
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5 . 4  C o nc l us i o n s  a nd r e c o mme nd a t i o ns f o r  f u r t h e r  s t ud y  

I n  t h i s  t r i a l , wo o l  g r o wt h  o f  FW s h e e p  wa s s u pe r i o r t o  C 

s h e e p  d u r i ng t h e  e n t i r e p r od uc t i o n pe r i o d  f r o m l a mb - t o  

h o g g e t - s he a r i ng .  D i f f e r e nc e s  we r e  mo s t  p r o n o u n c e d  i n  t h e  

p e r i od s  o f  l o we s t  wo o l  g r o wt h  w i t h F W  s h e e p  p r o d u c i ng 5 2 %  

m or e  c l e a n  w o o l  a nd 1 8 % mo r e  c l e a n  w o o l  t ha n  C 

9 1  

h og g e t s  i n  J u l y  a nd F e b r u a r y ,  r e s pe c t i ve l y .  R e l a t i ve 

s u p e r i o r i ty o f  F W  h o g g e t s  f o r  F D  wa s ,  l i k e w i s e , h i gh e s t  i n  

J u l y  ( 1 0 . 6 3 % )  c ompa r e d  t o  0 . 6 4 % i n  Ma r c h . R e l a t i ve 

s u pe r i o r i t y f o r l e n g t h  g r o wt h  r a t e  wa s h i gh e s t  ( 1 6 . 7 5 % )  i n  

J u n e . 

T h e  c o n s i s t e nc y  o f  t h e s e  r e s u l t s a n d  t h e  h i gh c o r r e l a t i o n 

b e t we e n  mea s u r e s  o f  w i n t e r  wo o l  g r o wt h  a nd C F W  l ea d  t o  t h e  

c o nc l u s i o n t ha t  s ome a s pe c t  o f  w i n t e r  phys i o l o g y  h a s  b e e n  

d r a ma t i ca l l y a l t e r e d  i n  r e s p o ns e  t o  s e l e c t i o n f o r  h o g g e t 

g r e a s y  f l e e c e  we i g h t . A r e s p o ns e  i n  w i n t e r  p r o d u c t i o n may 

n o t  h a ve be e n  f o u n d  i f  s e l e c t i o n ,  i n  t h i s  o r  o t h e r  f l o c k s , 
only 

wa s b a s e d  o n  f l e e c e  we i gh t s  wh i c h i nc o r p o r a t e
A

p e r i o d s  o f  

s umme r wo o l  g r o wt h  i n t o  t h e  s e l e c t i o n c r i te r i a . S e l e c t i o n  

o n  l a t e r  ( De c  o r  J a n ua r y )  f l e e c e  we i gh t s  m i g h t  h a v e  

p e r m i t t e d  s p r i n g / s umme r va r i a t i o n i n  wo o l  g r o wt h  t o  e x e r t  a 

m or e  p r o n ou n c e d  i n f l ue n c e  o n  t h e  s e l e c t i o n c r i t e r i a  t h a n  

w i n t e r  wo o l  g r o wt h  d i d i n  t h i s  s t ud y . T h e  s e l e c t i o n o f  

s h e e p  o n  h o g g e t  w i n t e r  w o o l  g r o wt h  ( J u n e , J u l y ,  Aug u s t )  ma y 

b e  e f f e c t i ve�a n  a dd i t i o n a l c r i t e r i a  i n  i n c r e a s i ng h o gg e t 

a nd l i f e t i me f l e e c e  we i g h t . 

I f  s e l e c t i o n l i n e d i f f e r e n c e s  e x i s t , a s  s ug g e s t e d  b y  C l a r k  

( 1 9 8 7 ) a nd M c Cu t c h e o n  et C\ 1 - ( 1 9 8 7 ) ,  i n  t h e  r e q u i r e me n t  

o r  me t a b o l i s m  o f  S - c o n t a i n i ng a m i n o  a c i d s , t h e n a l o we r  

r e q u i r e me n t  o f  F W  s he e p  f o r S - c o n t a i n i n g a m i n o  a c i d s  ma y 

have e xe r t e d  a p o s i t i ve p e r m i s s i ve i n f l ue nc e  o n  w i n t e r wo o l  

g r o w t h i n  F W  s h e e p . R e i s  a nd W i l l i a ms ( 1 9 6 5 ) f o u n d  t ha t  t h e 

S - c o n t e n t  f r o m h i g h  p r o d u c i ng s he e p  f e l l  mo r e  d u r i ng t i me o f  

n u t r i t i o na l s t r e s s  a s  h i g h  p r o d uc e r s  ma i nt a i n e d  g r e a t e r  w o o l  
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g r o wt h  u nd e r  t h e s e  c o nd i t i o n s . S i m i l a r  r e s u l t s  we r e  r e p o r t e d  

b y  P i pe r  a nd D o l l i ng ( 1 9 6 6 ) a nd s h o w e d  g r e a t e r  s e a s o na l 

va r i a t i o n i n  S - c o n t e n t  o f  wo o l s f r o m f l e e c e -we i g h t  s e l e c t e d  

M e r i n o s . A s t ud y  o f  t h e  S - c o n t e n t  o f  mo n t h l y f l e e c e  s a mp l e s  

f r om t h e s e  f l o c k s  wo u l d be o f  g r e a t  a s s i s ta n c e  i n  

u nd e r s ta nd i n g s e a s o na l  r e s p o n s e s  b e t we e n  s e l e c t i o n l i ne s . 

S i m i l a r l y ,  i t  wo u l d b e  o f  i n t e r e s t  t o  s u b j e c t  s he e p  f r o m t h e  

F W  a n d  C l i ne s  t o  a r t i f i c i a l l y  s h o r t p h o t o pe r i od s  d u r i ng 

s umme r ( o r t r e a t  t h e  a n i ma l s w i t h  me l a t o n i n ) . A t r i a l o f  

t h i s  n a t u r e  wo u l d  h e l p  t o  e s t a b l i s h wh e t h e r  d i f f e r e nc e s  i n  

w i n t e r wo o l  g r o wt h  a r e  d ue ma i n l y  t o  a l t e r e d  ph o t o pe r i od i c  

r e s p o ns e , o r  t o  t h e  a b i l i t y o f  F W  s he e p  t o  ma k e  b e t t e r  

me t a b o l i c  u s e  o f  l i m i t e d  f e e d  r e s o u r c e s  i n  w i n t e r . I f  t h e  

s t ud y  wa s c o nd u c t e d a t  va r i o u s  l e v e l s  o f  n u t r i t i o n ,  t h e  

i n t e r a c t i o n o f  s e a s o na l  a nd n u t r i t i o n a l f a c t o r s  c o u l d  b e  

e l uc i d a t e d . Any s t ud y  o f  t h i s  n a t u r e  s h o u l d  i nc l ud e  

c o mpa r i s o n s  o f  wo o l  S - c o n t e n t . 

T h i s  s t ud y  h a s  n o t  d e t e r m i n e d  t h e  n a t u r e  o f  s e a s o n a l 

i n f l ue n c e s  o n  w i n t e r  wo o l  g r o wt h  i n  t h e  f l e e c e  we i g h t  

s e l e c t e d  l i n e .  T h e s e  r e l a t i o n s h i ps ma y b e c ome c l e a r e r  a f t e r  

c ompa r i s o n o f  i n t a k e ,  e f f i c i e nc y  o n  p a s t u r e  ( Cha p t e r 6 )  a nd 

s e a s o n a l r e pr od uc t i o n ( Ch a p t e r  7 ) . 



D R Y  MATTER I N TAK E AN D GRO S S  EFF I C I ENCY OF WO OL AN D B O DY 

GROWTH OF FW AN D C HOGGETS ON P AS TURE 

� [ I n t r o d u c t i o n 

I n  c o mme r c i a l  f l o c k s ,  t h e  o b j e c t i ve o f  f l e e c e  we i gh t  

s e l e c t i o n i s  t o  i mp r o ve t h e  e f f i c i e n c y  o f  wo o l  p r o d u c t i o n .  

Th i s  e f f i c i en c y  h a s  b e e n  i nc r e a s e d  i n  M e r i n o F +  f l o c k s  i n  

Au s t r a l i a ( Mc Gu i r k ,  1 9 8 0 ) .  Ve r c o e  a nd F r i s c h  ( 1 9 8 2 )  a r gued 
t ha t  s h e e p  r e pr e s e n t a n i ma l s  we l l  a d a p t e d  t o  g r a z i ng 

' 
c o nd i t i o n s . F u r t h e r m o r e ,  t h e y  s u gg e s t  t ha wh e n  a s he e ps 
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u s ua l e n v iron me n t  i s  d i s r u p t e d , s u c h  a s  p l a c i n g i t  i nd o o r s  

f o r f e e d i ng o r  c h a n g i ng t h e  a n i ma l s w i t h  wh i c h i t  

s o c i a l i s e s ,  o n e  o f  t h e  r e s p o n s e s  i s  t h e  r e mo va l o f  t h o s e  

c o nd i t i o n s  wh i c h  s t i mu l a t e  f e e d i n g b e h a v i our o n  pa s t u r e . 

T h e y  s u g g e s t  t h a t  f a i l u r e s  t o  d e mo n s t r a t e  d i f f e r e n c e s  i n  

i n t a k e ,  u n l e s s  c o n d uc t e d  o u t  o f  d o o r s , d o  l i t t l e  t o  i mp r o v e  

o u r  k n ow l e d ge o f  s h e e p  b i o l o g y ,  wh i c h i s  a ba l a n c e  be t we e n  

p r od u c t i o n p o t e n t i a l  a n d  p r o d u c t i ve a d a p t i o n t o  t he 

e nv i r o n me n t . 

Wh e t h e r  d i f f e r e n c e s  i n  t h e  i n t a k e  o f  F W  ve r s u s C s h e e p  e x i s t 

o n  pa s t u r e  r e ma i n s t o  be d e t e r m i n e d . I n  a ny ca s e ,  i t  i s  

c e r t a i n l y  pr e f e� a b l e  t o  c o nd u c t  t h e s e  c ompa r i s o n s , a s  Ve r c o e 

a n d Fr i sch s u gg e s t , u nd e r  f r e e  g r a z i n g s i t ua t i o n s . 

6 . 2 Ma t e r i a l s  a nd Me t h od s  

E x p e r i me n t a l p l a n  

T h e  s t ud y  wa s c o n d u c t e d  be t we e n  J a n ua r y  a n d O c t o b e r  o f  1 9 8 5  

o n  1 9 8 4 - b o r n  r a m  h o g g e t s  f r om t h e FW a nd C l i n e s . T h e s e  

r a ms we r e  a s u b s e t  o f  r a ms i nv o l ve d  i n  t h e  e x pe r i me n t  

d e s c r i b e d  i n  C h a p t e r 5 .  I n  J a n ua r y  o f  1 9 8 5 ,  1 5  FW and 1 5  C 

r a ms we r e  c h o s e n  a t  r a n d o m  f r om t h e i r  r e s p e c t i ve l i n e s  a n d  

ha r n e s s e d  f o r  t o ta l  c o l l e c t i o n o f  f a e c e s  o v e r  a 1 4 -d a y  
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pe r i od . 

T h e  d e c i s i o n wa s ma d e ,  a f t e r  t h e  J a n ua r y  c o l l e c t i o n ,  t o  

s a mp l e  4 r a m  p r o g e n y  f r o m e a c h  o f  t h e  f o u r  s i r e s  

r e pr e s e n t e d  i n  e a c h  l i n e ( a  t o t a l  o f  3 2  s h e e p ) wh i l e .  

ma i n ta i n i ng a s  ma n y  o f  t h e  J a n u a r y  s a mp l e d  r a ms a s  p o s s i b l e . 

Th i s  c h a n g e  wa s t h o u g h t  t o  g i ve a mo re j ud i c i o u s  s a mp l i ng o f  

g e n e t i c ma t e r i a l  f r om e a c h  o f  t h e  l i n e s . Whe r e  a 

s u r p l u s o f  s i r e o f f s pr i n g had b e e n  s a mp l e d  i n  J a n u a r y  t h e y  

we r e  r a n d o m l y  d e l e t e d  a nd e x t r a  o f f s p r i n g ,  i n  o t h e r  s i r e 

g r o u p s , we r e  a d d e d  o n  t h e  s a me r a nd om ba s i s . T h e s e  3 2  r a m 

h o gge t s  we r e  ha r n e s s e d  r e pe a t e d l y  f o r  t o ta l  f a e ca l 

c o l l e c t i o n d u r i n g 2 we e k s  i n  e a c h  o f  Apr i l ,  J u l y  a nd 

Oc t o b e r  o f  1 9 8 5 .  

Co l l e c t i o n s  we r e  d u r i n g t h e  m i d d l e  2 we e k s  o f  e a c h  4 we e k  

wo o l  gr o wt h  pe r i o d  ( c h a pt e r  5 ) . Co l l e c t i o n mo n t h s  we r e  

c h o s e n  t o  c o i n c i d e  a pp r o x i ma t e l y  wi t h  s e a s o n ,  t h e  f o u r  

c o l l e c t i o ns r e p r e s e n t i n g s u mme r ,  a u t umn , w i n t e r  a nd s p r i n g .  

Pa s t u r e  s a mp l i n g f o r h e r b a g e  a l l o wa n c e  wa s c o mp l e t e d  

i mme d i a t e l y  pr i o r t o  e a c h  f a e ca l  c o l l e c t i o n . 

6 . 2 . 2  Ha r n e s s  a nd bag d e s i g n . 

Ha r n e s s e s  a nd bags we r e  d e s i gn e d , t e s t e d  a nd b u i l t pr i o r t o  

t h e  e xp e r i me n t . Ha r n e s s e s  a nd bags u s e d  a r e  i l l u s t r a t e d  i n  

P l a t e  6 . 1 . ,  be i n g ada p ta t i o n s  o f  t h o s e  r e p o r t e d b y  Ar n o l d  

( 1 9 6 3 ) a nd S c o f f i e l d ( 1 9 7 0 ) . 

A t h i n  p l a s t i c  b a g  wa s p e g g e d  i ns i d e  e a c h  o u t e r  b a g  s o  t h a t  

f a e c e s  c o u l d  b e  e a s i l y r e m o v e d  a nd t r a n s p o r t e d t o  t he 

l a b o r a t o r y .  Q u i c k r e l e a s e  b u c k l e s  f a c i l i t a t e d  r e mo va l  a nd 

r e p l a c e me n t  o f  t h e  b a g s  a nd t h e  p o l yme r i z e d  f a b r i c  o f  t h e  

o u t e r  b a g s  w i t h s t o od r e pe a t e d  wa s h i n gs a nd c o n s i d e r a b l e  

a b u s e  b y  t h e  s h e e p . Ha r n e s s e s  and b a g s  d i d n o t  f i t  we l l  i f  

r a ms we r e  l i g h t e r  t ha n  2 2  k g . As r a ms a n d  f l e e c e s  gr e w  i t  

wa s n e c e s s a r y  t o  add e x t e n s i o n s t r a ps a l o n g  t h e  ba ck . 
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6 . 4 . 3  C o l l e c t i o n r o u t i ne 
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O n e  we e k  a f t e r  we i g h i ng a nd wo o l  s a mp l i ng r a ms we r e  mus t e r e d  

i n t o  t e mp o r a r y  ya r d s  s e t  u p  i n  t h e  padd o c k . H a r n e s s e s , 

w i t h o u t  c o l l e c t i o n b a g s , we r e  f i t t e d  t o  e a c h  r a m  ( da y  1 ) . 

O n  d a y  2 ,  a t  0 8 : 0 0 h o u r s , ha r n e s s e s  we r e  t i g h t e n e d  a nd 

c o l l e c t i o n bags a n d l i n e r s  we r e  p u t  i n  p l a c e . At 0 8 : 0 0 

h o u r s  o n  days 3 a nd 4 f a e c e s  we r e  c o l l e c t e d  a nd b a g s  we r e  

c h e c k e d ca r e f u l l y f o r  a ny s i g n s  o f  f a e c a l l o s s . Fa e c e s  

f r om d a ys 3 a nd 4 we r e  we i g h e d  a n d d i s c a r d e d . 

Days 5 - 1 4  c o n s t i t u t e d  t h e  mea s u r e d c o l l e c t i o n pe r i od .  

Fa e c e s  we r e  r e mo v e d  a n d l i n e r s  r e p l a c e d  e a c h  d a y  b e t we e n  

0 8 : 0 0 a nd 0 9 : 3 0 h o u r s . Al l b a g s  a nd h a r ne s s e s  we r e  r e mo v e d  

o n  day 1 4 . 

Ea c h  day d u r i n g t h e  c o l l e c t i o n p e r i o d ,  f a e c e s  we r e  we i g h e d  

a nd d u p l i ca t e  s a mp l e s  ( 1 0 0 - 2 0 0  g ms ) we r e  we i g h e d  b e f o r e  a n d  

a f t e r  d r y i n g a t  1 4 0° F f o r 7 2  h o u r s  t o  d e t e r m i n e d r y  ma t t e r  

c o n t e n t . I n  s o me c o l l e c t i o n p e r i o d s  l o w d r y  ma t t e r  c o n t e n t  

o f  f a e c e s  r e q u i r e d  t h e d r y i n g t i me s t o  b e  e x t e nd e d . 

6 . 2 . 4  Pa s t u r e  s a mp l i n g 

O n  d a y  1 o f  t h e c o l l e c t i o n p e r i od 2 0  r a nd om pa t c h e s  o f  

pa s t u r e  we r e  c u t  t o  g r o u n d l e ve l  w i t h i n  a 2 5 cm by 7 5  cm 

f r ame . G r a s s  wa s d r i e d a t  1 2 0° F f o r  4 8  h o u r s a nd we i g h e d  t o  

d e t e r m i ne t h e h e r ba g e  a l l o wa n c e  o n  pa s t u r e . S u b s a mp l e s  o f  

h e r ba g e  we r e  g r o u n d  i n  a h a mme r m i l l  f i t t e d  w i t h  a f i n e  

s c r e e n . S u b s a mp l e s  we r e  u s e d  t o  d e t e r m i n e d r y  ma t t e r  

d i g e s t i b i l i t y by i n  v i t r o  d i g e s t i o n .  

6 . 2 . 5  Wo o l  a n d b o d y  g r o wt h  

Da t a  f r o m t h e  e x p e r i me n t  i n  c h a pt e r  5 we r e  me r g e d  w i t h  

i n ta k e  d a t a  t o  e s t i ma t e  t h e  g r o s s  e f f i c i e ncy o f  wo o l  a n d 

body gr o wt h . E f f i c i e n c y wa s me a s u r e d  a s  t h e  we i g h t  o f  wo o l  

o r  b o d y  t i s s u e d e p o s i t e d  da i l y d i v i d e d  by da i l y d r y  ma t t e r  



i n t a k e  o r  d i g e s t i b l e  d r y  ma t t e r  i n ta k e . 

6 . 2 . 6  S t a t i s t i c a l  me t h o d s  

Da ta we r e  a na l ys e d  w i t h i n  a nd a c r o s s  p e r i o d s . T h e  w i t h i n  

p e r i od a n a l ys e s  o f  i nt a k e  i nc l ud e d  i n i t i a l�0�� i g h t  a t  t ha t  

c o l l e c t i o n pe r i o d , a s  a c o va r i a t e . Un i va r i a t e  a na l ys i s o f  

va r i a nc e  a t  e a c h  t i me p e r i od ,  a s  we l l  a s  r e pe a t e d  mea s u r e s  

a n a l ys e s  a c r o s s  t h e  l a s t  t h r e e  c o l l e c t i o n s , we r e  c a r r i e d 

o u t . 
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T h e  mod e l i nc l ud e d  t he e f f e c t s  o f  i n i t i a l  we i g h t , b i r t h  

d a t e , d a m  a g e , b i r t h  r a n k , a nd wa s s i m i l a r  t o  t h o s e  u s e d  i n  

C ha p t e r  5 .  

T h e  e f f e c t o f  b o d y  we i gh t  a s  a c o va r i a t e  wa s s i m i l a r  f o r 

b o t h  l i n e s ,  s u c h  t h a t  s e pa r a t e  r e g r e s s i o ns we r e  n o t  

r e q u i r e d . 

6 . 3  R e s u l t s  a nd D i s c u s s i o n 

6 . 3 . 1  Me a s u r e s  o f  i n t a k e  

The r a ms d i d n o t  a pp e a r  t o  b e  b o t h e r e d b y  t h e  ad d i t i o n o f  

ha r n e s s e s  a n d  bags , a nd r e t u r n e d  t o  n o r ma l  g r a z i n g a f t e r  

c o l l e c t i o n o f  fa e c e s  ( P l a t e  6 . 2 ) . A l t h o u gh s o me f a e c a l 

l o s s e s  we r e  e v i d e n t  o n  t h e  f i r s t  o r  s e c o nd p r e - c o l l e c t i o n 

d a ys , by t h e  t h i r d d a y  a l l  ba gs a p p e a r e d  t o  b e  t i g h t  a n d 

r e l a t i ve l y l e a k  f r e e . 

The A pr i l  c o l l e c t i o n p e r i od wa s q u i t e  s e v e r e l y  a f f e c t e d  by 

r ye g r a s s  s t agg e r s . S o me r a ms we r e  n o t  b e h a v i ng n o r ma l l y a nd 

f a e c a l o u t p u t s  we r e  r e d u c e d  d u e  t o  a b n o r ma l  g r a z i n g .  The 

e f f e c t  of s t agge r s  on d i f f e r e n t  r a ms wa s d i f f i c u l t  t o  

q u a n t i f y a nd c o u l d  n o t  be r e mo v e d  f r om t h e  a na l ys i s . 

P a s t u r e  a va i l a b i l i t y wa s r e a s o na b l e  i n  mo s t  s e a s o n s , but 
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h e r ba g e  a l l o wa n c e  o f  1 1 0 0 k gDM/ha i n  J u l y  ma y h a v e  c a u s e d  

s ome i n ge s t i o n o f  s o i l wh i c h w o u l d  b i a s  u p wa r d s  t h e  

e s t i ma t e s  o f  d r y  ma t t e r  i n t a k e  ( DM I ) a nd b i a s  d o wn wa r d s  t h e  

e s t i ma t e s  o f  wo o l  a nd b o d y  gr o w t h  e f f i c i e nc y . O r ga n i c  

ma t t e r  c o n t e n t  o f  f a e ca l s a mp l e s  wa s n o t  pe r f o r med s o . t ha t  

d i g e s t a b l e  o r ga n i c  ma t t e r  i n t a k e  c o u l d n o t  b e  e s t i ma t e d . 

P a s t u r e  a l l o wa n c e s  a nd e s t i ma t e d  d r y  ma t t e r  a nd o r ga n i c  

ma t t e r  d i g e s t i b i l i t i e s  o f  t h e  h e r ba g e  s a mp l e s  a r e  p r e s e n t e d  

i n  Ta b l e  6 . 1  a .  

D r y  ma t t e r  i n t a k e s  a n d  d i g e s t i b l e  d r y  ma t t e r  i n t a k e s  ( DDM I ) 

a r e  g i ve n i n  ta b l e  6 . l c .  N o  s e l e c t i o n l i n e  d i f f e r e n c e s  i n  

e i t h e r  D M I  o r  D D M I  we r e  d e t e c t e d  i n  a n y  s e a s o n . T h e  me a n  

d i ge s t i b l e  d r y  ma t t e r  i n t a k e s  a c r o s s  l i n e s  be i ng 0 . 6 7 ,  1 . 2 7 

, 1 . 8 4 a n d  1 . 6 5 k g / d a y  i n  J a n ua r y ,  Apr i l ,  J u l y  a n d  O c t o be r ,  

r e s p e c t i ve l y .  

H e r ba g e  a l l o wa n c e s a nd d r y  ma t t e r  d i g e s t t b i l i t i e s  o f  t h e 

pa s t u r e  a t  t h e s e  t i me s we r e  4 5 0 0 ,  3 5 0 0 , 1 1 0 0  a nd 1 9 0 0  

k g DM/ ha a nd 6 8 ,  7 8 ,  7 4  a n d 7 9 %  o n  a d r y  ma t t e r  ba s i s . DDM I 

ma y have be e n  b i a s e d d o wn wa r d s  i f  l a mbs s e l e c t e d  d i e t s o f  

h i g h e r  d i g e s t i b i l i t y t h a n  t ha t  o f  t h e  wh o l e  s wa r d . 

R e p e a t e d  me a s u r e s  a na l ys i s  o f  i n t a k e s  o ve r  t h e  l a s t  t h r e e  

p e r i o d s  a l s o  f a i l e d  t o  i d e n t i f y s e l e c t i o n l i n e d i f f e r e n ce s 

i n  i n ta k e  o n  pa s t u r e . 

live 
Al t h o u gh s e l e c t i o n l i n e d i f f e r e n c e s  i n  i n i t i a l

A
we i g h t  we r e  

s i g n i f i ca n t  i n  a l l  p e r i o d s  ( Ta b l e  6 . 1 b )  t h e r e  wa s n o  

d i f f e r e n c e  i n  t h e  r e l a t i o n s h i p  b e t we e n  l i ve we i g h t  a nd i n t a k e  

i n  t h e  s e l e c t e d  l i n e s . 

6 . 3 . 2  E f f i c i e n cy o f  l i ve we i g h t  ga i n  

T h e  a ve r a g e  da i l y ga i n s o f  FW a nd C r a ms d u r i n g t h e  

c o l l e c t i o n mo n t h s  a nd t h e  ca l c u l a t e d  e f f i c i e nc y  o f  t h o s e  

ga i n s ,  r e l a t i ve t o  d i g e s t i b l e  d r y  ma t t e r  i n ta k e , a r e  g i ve n  



--------------

i n  Ta b l e  6 . 2  . Av e r a g e  da i l y ga i n  a nd t h e  c o n s e q u e n t  

e f f i c i e n c i e s  o f  l i v e we i g h t  ga i n  d i d  n o t  d i f f e r  b e t we e n  

s e l e c t e d  l i n e s  i n  a n y o f  t h e pe r i o d s  me a s u r e d . 
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Wh o l e  f l o c k  d i f f e r e n c e s  i n  r a t e  o f  ga i n  we r e  s i g n i f i ca n t  i n  

e a r l y  s p r i n g ( C h a p t e r  5 ) ,  b u t  t h e s e  l i n e d i f f e r e n c e s  we r e  

n o t  d e mo n s t r a t e d  i n  t h e  s u b s a mp l e d r a ms . La t e  w i n t e r / e a r l y  

s p r i n g d i f f e r e n c e s  i n  l i ve we i g h t  ga i n  d o  n o t  a c c o u n t  

e n t i r e l y f o r d i f f e r e n c e  i n  h o g g e t  l i ve we i g h t  b e t we e n  l i n e s ,  

r a t h e r ,  o ve r  t h e  e n t i r e c o u r s e  o f  t h e  w i n t e r ,  t h e  F W  l i n e  

g r a d ua l l y i n c r e a s e s  i t s we i g h t  a d va n t a g e  o v e r  C r a ms . 

6 . 3 . 3  Wo o l  g r owt h  a n d  wo o l  g r o w t h  e f f i c i e n cy 

T h e  c l e a n  wo o l  g r o w t h  ( CWOOL ) a nd t h e  e f f i c i e n c y  o f  c l e a n  

wo o l  g r o wt h  i n  FW a nd C l i n e s  i s  g i ve n  i n  Ta b l e  6 . 2 b . .  

D i f f e r e n c e s  i n  c l e a n  wo o l  gr o wt h  d u r i n g J a n ua r y  we r e  n o t  

s i gn i f i c a n t  i n  t h e  s u b s a mp l e d  r a ms , e v e n  t h o u g h  wh o l e  f l o c k  

d i f f e r e n c e s  i n  c l e a n  wo o l  g r owt h  o v e r t h e  s a me p e r i o d we r e  

s i gn i f i ca n t . D u r i n g l a t e  s u mme r ,  e v e n  wh o l e  f l o c k  

d i f f e r e n c e s  we r e  n o t  w i d e l y  s e pa r a t e d  ( d i f f e r e n c e s  o f  

l . 7 g /d ) s o  i t  i s  n o t  s u r p r i s i n g t h a t  d i f f e r e n c e s  o f  t h i s  

s i z e we r e  n o t  s i g n i f i c a n t  i n  t h e  s ma l l e r  s u b s a mp l e . 

S i m i l a r l y ,  l i n e s  d i d n o t  va r y  i n  t h e e f f i c i e ncy o f  wq o l  

gr owt h i n  t h i s  f i r s t  c o l l e c t i o n .  

Al t h o u g h  t h e  d i f f e r e n c e  i n  wo o l  g r o wt h  i n  s u b s a mp l e d  r a ms 

d u r i n g Ap r i l  a p pe a r e d  t o  r e f l e c t  t h e  d i f f e r e n c e s  f o u nd i n  

t h e wh o l e  f l o c k  ( C : F W i s  7 . 0 : 8 . 5  g/d i n  t h e  wh o l e  f l o c k ) t h e 

e f f e ct o f  r ye - g r a s s  s t a g g e r s  ma y have b e e n  r e s p o n s i b l e  f o r  

t h e  i na b i l i t y t o  d e t e c t  s i gn i f i c a n t  d i f f e r e n c e s  i n  t h e  

e f f i c i e n cy o f  wo o l  g r owt h  d u r i n g t h i s  p e r i o d .  D i f f e r e n c e s  

a p p r o a c h e d  s i g n i f i c a n c e  ( p = . 0 8 )  a nd i t  i s  u n f o r t u na t e  tha t 

t h e  r. o mpar i s o n wa s n o t  u n e n c u mb e r e d by e x t r a n e o u s  e f f e c t s . 

S e l e ct i o n l i n e d i f f e r e n c e s  i n  t h e  e f f i c i e n cy o f  wo o l  
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p r o d u c t i o n d u r i n g m i d  w i n t e r  ( J u l y )  we r e  h i g h l y s i g n i f i ca n t  

a nd t h e  r e l a t i ve adva n t a ge ( FW-C ) / C o f  F W  r ams wa s 6 7 % . 

T h e  wo o l  p r o d u c t i o n o f  FW a nd C r a ms a c c u r a t e l y  r e f l e c t e d  

e q u i va l e n t  wh o l e  f l o c k  c o mpa r i s o n s  ( C : FW i s  7 . 1 : 1 0 . 8  g/d i n  

t h e  wh o l e  f l o c k ) . T h i s  l a r ge d i f f e r e n c e  i n  t h e  e f f i c t e n c y  

o f  w i n t e r  wo o l  g r o wt h  i nd i ca t e s  t h a t  FW s h e e p  a r e  n o t  a s  

r e s t r i c t e d , b y  p h o t o pe r i o d i c o r  n u t r i t i o na l va r i a b l e s , a s  C 

s h e e p  o v e r w i n t e r . 

T h e  a b i l i t y o f  FW s h e e p  t o  r e s p o n d  t o  ad d i t i o na l d i e t a r y  

p r o t e i n  ( Ch a p t e r  4 )  wa s a l s o  e va l ua t e d  i n  w i n t e r  mo n t h s . 

D i f f e r e n c e s  i n  t h a t  e x p e r i me n t  ma y have r e f l e c t e d  s e a s ona l 

d i f f e r e nc e s  b e t we e n  g e n o typ e s ,  i n  wh i c h e xa gg e r a t e d  

d i f f e r e n c e s  i n  e f f i c i e ncy a r e  d e mo�t r a t e d  d u r i n g w i n t e r  

mo n t h s . 

)s  
I n c r e a s e d  e f f i c i e n c y  over w i n t e rA r e s p o n s i b l e ,  i n  t h e  a bs e n c e  

o f  i n t a k e  d i f f e r e n c e s ,  f o r  s u s t a i n e d  w i n t e r wo o l  p r o d u c t i o n 

i n  t h e  FW l i n e .  Th i s  s u s t a i n e d  w i n t e r  wo o l  p r o d u c t i o n ma y 

h a v e  ad d i t i o na l be n e f i t s i n  t h e  r e s u l ta n t  s ta p l e  s t r e n g t h  o f  

FW a nd C f l e e c e s , wh i c h w i l l  be e va l ua t e d  i n  c h a p t e r  8 .  

D u r i n g Oc t o be r ,  t h e l a r g e s t  a b s o l u t e  d i f f e r e n c e s  i n  wo o l  

p r o d u c t i o n o c c u r  b e t we e n  FW a nd C h o gg e t s . T h e  e f f i c i e n c y  

o f  wo o l  g r o wt h  d u r i ng t h l s p e r i od wa s a l s o  h i g h l y  

s i g n i f i c a n t  i n  t h e se d a t a . A l t h o u g h  t h e  s u b s a mp l e d  r a ms d i d 

n o t  d i s p l a y  t h e  s a me ma gn i t ud e  o f  wo o l  g r o wt h  d i f f e r e n c e s  a s  

we r e  s e e n  i n  t h e  wh o l e  f l o c k  ( C : FW i s  1 2 . 5 : 1 7 g/day i n  wh o l e  

f l o c k  c o mpa r i s o ns ) ,  d i f f e r e n c e s  i n  wo o l  g r o wt h  be t we e n  C a n d 

FW s u b s a mp l e d  r a ms we r e  a l s o  h i g h l y  s i g n i f i ca n t , a s  we r e  t h e 

r e s u l t a n t  e f f i c i e n c i e s . T h e  r e l a t i ve a d va n t a g e  o f  FW o v e r C 

r a ms f o r  O c t o b e r  wo o l  g r o w t h  e f f i c i e ncy wa s 3 3 % .  

T h e  r e l a t i ve d i f f e r e n c e s  be t we e n  l i n e s  i n  wo o l  g r o w t h  

e f f i c i e n c y ,  a s  we l l  a s  t h e  a bs o l u t e  e f f i c i e n c i e s  a r e  we l l  

w i t h i n  t h e  r a n g e s  q u o t e d  i n  t h e  l i t e r a t u r e  ( B u t l e r  a nd 

Ma x we l l ,  1 9 8 4 ) .  I t  i s  d i f·f i c u l t  t o  c omme n t  o n  t h e  t r e nds i n  
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e f f i c i e n c y  f r o m 4 - 1 4  mo n t h s  o f  a g e . T h e  h i g h wo o l  gr owth 

e f f i c i e ncy o f  young a n i ma l s  i s  n o t  d i s c u s s e d  w i d e l y  i n  t he 

l i t e r a t u r e ,  a nd r e l a t i ve t o  e f f i c i e n c i e s  ca l c u l a t e d  a t  la t e r  

a ge s ,  a pp e a r s  q u i t e h i g h . I n  y o u n g  a n i ma l s ,  t h e  s k i n  

r e p r e s e n t s  a r e l a t i ve l y  l a r ge p r o d u c t i ve o r ga n ,  s u c h  t ha t  

r el a t i ve t o  i n t a k e s ,  s k i n  o u t p u t  o f  wo o l  f i b r e  r e p r e s e n t s  a 

r e l a t i ve l y  l a r g e  p r o d u c t i ve c omp o n e n t . 

lhe� r e s u l t s a r e  i n  a g ree me n t  w i t h  a n u mb e r  o f  Au s t r a l i a n  

s t ud i e s  r e v i e we d  e a r l i e r  a nd s umma r i z e d  b y  W i l l i a ms 

( 1 9 7 9 , 1 9 8 7 ) .  S e l e c t i o n f o r f l e e c e  we i g h t  h a s  r e s u l t e d  i n  

s i g n i f i ca n t  i n c r e a s e s  i n  wo o l  p r o d u c t i o n ,  i n  t h e  p r e s e n c e  o f  

i n s i g n i f i ca n t  d i f f e r e n c e s  i n  me a s u r e a b l e  f e e d  i n t a k e ,  t h e  

n e t  r e s u l t  be i n g a n  i n c r e a s e  i n  t h e  e f f i c i e ncy o f  c o nve r s i o n 

o f  f e e d  t o  wo o l . 
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Ta b l e  6 . 1  Me a s u r e s  o f  pa s t u r e , l i ve we i g h t  a nd i n t a k e  by s e a s o n  

a nd l i n e 

a )  Pa s t u r e  a va i l a b i l i t y a nd d i ge s t i b i l i t y 

M o n t h 

Pa s t u r e  Me a s u r e me n t s  

Ava i l a b l e  

h e r ba g e  

( k gDM/ha ) 

D r y  ma t t e r  

d i g e s t i. b i l i t y 

( % )  

O r ga n i c  ma t t e r  

d i g e s t i. b i l i t y 

( % )  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

J a n u a r y  4 5 0 0  6 8 . 2  6 6 . 3  

Ap r i l  3 5 0 0  7 8 . 3  7 2 . 4  

J u l y  1 1 0 0  7 4 . 1  6 8 . 2  

Oc t o b e r  1 9 0 0  7 9 . 2  7 3 . 5  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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P l ate 6 . 1  Faeca l col l ecti on  bags ( wi th l i ne rs ) and  h arnesses  
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P l a te 6 . 2  Harnessed  rams ret urned to g razi n g  
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Ta b l e  6 . 1 Me a s u r e s  o f  pa s t u r e , l i ve we i g h t  a nd i n t a k e  by s e a s o n  

a nd l i n e 

b )  M o n t h l y i n t i a l  1 i ve we i g h t  a nd 1 i ve we i g h t  · 7 5 

M o n t h  I n i t i a 1 wt ( k g ) 

C FW 

I n i t i a l  wt · 7 5 ( k g · 7 5 >  

C FW 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

J a n u a r y  

Ap r i l  

J u l y 

Oc t o b e r  

2 9 . 8 ± 1 . 1  2 9 . 0 ± 1 . 3  ns 

3 3 . 9 ± 1 . 2  3 4 . 5 ± 1 . 1  ns 

3 3 . 4 ± 1 . 4  3 7 . 6 ± 1 . 5  * 

4 4 . 9 ± 1 . 3  4 8 . 0 ± 1 . 4  * 

1 2 . 7  1 2 . 5  

1 4 . 1  1 4 . 2  

1 4 . 2  1 5 . 2  

1 7 . 3  1 8 . 2  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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Ta b l e  6 . 1  Me a s u r e s  o f  pas t u r e , l i ve we i g h t  a nd i n t a k e  by s e a s o n  

a nd l i n e  

c )  D i g e s t i b l e  d r y  ma t t e r  i n t a k e  ( D D M I ) a n d D D M I /wt · 7 � 

M o n t h  D D M I  ( k g )  

c FW 

D D M I /wt · 7 5 

C F W  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

J a n u a r y  

Ap r i l  

J u l y  

Oc t o b e r 

0 . 6 5 5 ± . 0 2 2  0 . 6 8 7 ± . 0 2 3  n s  

1 . 2 5 7 ± . 1 4 1  1 . 3 1 5 ± . 2 1 8  ns 

2 . 0 1 1 ± . 6 2 9  1 . 9 5 5 ± . 3 6 9  n s  

1 . 6 2 1 ± . 3 5 8  1 . 7 6 5 ± . 3 3 6  ns 

5 1 . 6  5 4 . 9  

8 9 . 1  9 2 . 6  

1 4 1 . 6  1 2 8 . 6  

9 3 . 6  9 6 . 7  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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Ta b l e  6 . 2  P r o d u c t i o n a nd p r o d uc t i ve e f f i c i e n c y  by l i n e  a nd s e a s o n  

a )  Ave r a g e da i l y ga i n  ( ADG ) a n d  e f f i c i e n c y  o f  ga i n  ADGEFF 

ca l c u l a t e d  r e l a t i ve t o  D D M I , i n  g / k g  DDM I . 

M o n t h  ADG ( g/ d ) ADGEFF ( g / k g D D M I ) 

c FW c FW 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

J a n ua r y  1 2 4 ± 1 0  1 2 8 ± 1 1  1 8 9 ± 2 0  1 8 6 ± 1 5  n s  

Apr i l  3 4 ± 2 0 6 7 ± 1 5  2 7 ± 1 5  5 1 .± 1 6  n s  

J u l y  8 9 .± 1 0 8 4 ± 1 1  4 4 ±  6 4 3 ± 5  n s  

Oc t o be r 1 9 2 ± 1 0  1 8 6 ±  9 1 1 8 .±  7 1 0 5 ± 6  n s  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

b )  C l e a n  wo o l  g r o wt h  ( CWOO L ) i n  g/d a nd t h e  e f f i c i e n c y  o f  

c l e a n  wo o l  g r o wt h  ( CWOOLEFF ) i n  g / k g  DDM I 

M o n t h  CWOOL ( g /d ) CWOOLEFF ( g/ k g ) 

c FW c FW 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

J a n u a r y  1 3 . 0 ± . 6  1 3 . 9 ± . 6  1 9 . 8 ± . 4  2 0 . 2 ± . 5  t1 :3  
Apr i l  7 .  8 ± . 4 9 .  4 ± . 7 6 . 4 ± . 4 7 .  3 ± . 5 p < . 1 0 

J u l y  6 . 8 ± . 4  1 1 . 3 ± . 5  5 .  2 ± . 4 8 . 7 ± . 4  * * *  

O c t o b e r 1 3 . 2 ± . 4  1 9 . 0 ± . 4  1 0 . 5 ± . 4  1 4 . 0 ± . 4  * * *  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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6 . 4  C o n c l u s i o ns 

S e l e c t i o n f o r f l e e ce we i g h t  a p p e a r s  to have r e s u l t e d  i n  

i mp r o v e d  e f f i c i e n cy .  Th i s  r e s u l t  wa s c o n s i s t e n t  o ve r  a 

n umbe r o f  s e a s o n s , a l t h o u g h  i t  wa s o n l y  s i g n i f i ca n t  i n  

w i n t e r , a n d  s p r i n g ,  i n  t h e s e  c o mpa r i s o n s . I n  o t h e r  s e a s o n s , 

t h e  fa i l u r e  o f  t h e  s u bsamp l e d  gr o u p  t o  r e f l e c t  c h a n g e s  i n  

wo o l  p r o d u c t i o n o f  t h e  e n t i r e  f l o c k , o r  t h e c o mp l i ca t i n g 

e f f e c t s  o f  r ye - g r a s s  s t a g g e r s  o n  a n i ma l  i n t a k e  ma y have 

a f f e c t e d  the a b i l i ty to d i s c e r n  d i f f e r e n c e s  i n  e f f i c i e ncy . 

T h e  l a r g e  r e l a t i ve d i f f e r e n c e s  i n  e f f i c i e n c y  o v e r  w i n t e r  

mo n t h s ma y i nd i ca t e  a l t e r e d  s e a s o na l  r e s p o n s e s  i n  F W  s h e e p  

o r  ma y r e f l e c t  d i f f e r e n c e s  i n  t h e  c omp o s i t i o n o f  wo o l  g r o wn 

d u r i n g t i me s  o f  n u t r i t i o na l s t r e s s . Ve r c o e  a n d F r i s c h  ( t qg� 
d e s c r i be a s u c c e s s f u l  a n i ma l  i n  t e r ms o f  p o t e n t i a l  

a d va n t a g e , d e mo n s t r a t e d  d u r i n g n o n - s t r e s s e d  p r o d u c t i o n ,  a nd 

a d a pt i ve p o t e n t i a l  t h at i s  r e l a t e d  t o  t h e  a b i l i t y t o  s u s t a i n  

p r o d u c t i o n d u r i n g  t i me s  o f  n u t r i t i o na l o r  e n v i r o nme n t a l  

s t r e s s e s . I t  wou l d  a pp e a r  t h a t  F W  s h e e p  have b o t h  p o t e n t i a l  

a nd ada p t i ve a d va n t a g e s  o v e r  C s h e e p ,  be i n g a b l e  t o  p e r f o r m  

e g ua l l y we l l  d u r i n g  t h e  p o o r  w i n t e r  a nd g o od s pr i n g 

c o nd i t i o n s . 

T h e s e  r e s u l t s  a r e  i n  agr e e me n t  w i t h  t h o s e  o f  o t h e r  

r e s e a r c h e r s  wi t h  M e r i n o s , s u mma r i z e d  b y  W i l l i a ms ( 1 9 7 9 ) .  

S e l e c t i o n f o r f l e e c e  we i g h t  d o e s  n o t  a p p e a r  t o  have a l t e r e d  

t h e  i n ta k e  o f  F W  s h e e p i n  t he a b s e n c e  o f  d i f f e r e n c e s  i n  

l i ve we i g h t . T h e  e f f i c i e n cy o f  c o nv e r s i o n o f  f e e d  t o  wo o l  i s  

i nc r e a s e d , u n d e r  pa s t u r e  a n d  p e n - f e d  c o mpa r i s o n s , a s  a 

r e s u l t  o f  s e l e c t i o n f o r  f l e e ce we i g h t . 
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I N C I D E N CE AN D DURAT I ON O F  H O GGET O E S T R U S  

7 . 1  I n t r o d uc t i o n  a nd r e v i e w  o f  l i t e r a t u r e  

7 . 1 . 1  T h e  i mp o r t a n c e  o f  r e p r o d u c t i ve r a t e  t o  e f f i c i e n t  s h e e p 

pr o d u c t i o n 

L ow r e pr o d u c t i ve r a t e  i s  a ma j o r f a c t o r  l i m i t i n g t h e  

p r o d uc t i v i t y o f  s h e e p  e n t e r p r i s e s . T h e  b i o l o g i ca l  a nd 

e c o n o m i c e f f i c i e nc y  o f  s h e e p  p r o d u c t i o n w o u l d  l i k e l y 

i nc r e a s e  w i t h  i mp r o v e d  r e p r od u c t i ve p e r f o r ma n c e  a s  t h e  

r e l a t i ve l y l a r g e  f i x e d  c o s t  o f  e we ma i n t a i na n c e  ( Co o p ,  

1 9 6 1 ) wo u l d b e  s p r e a d  o ve r a l a r ge r n umbe r o f  sa l e a b l e  

o f f s pr i ng ( D i c k e r s o n ,  1 9 7 0 ;  L a r ge , 1 9 7 0 : M c Gu i r k , 1 9 7 6 ;  

B i nd o n  a nd P i pe r , 1 9 7 6 ; Da l t o n  a nd Ra e ,  1 9 7 8 ;  Wo o l a s t o n  

a nd B u t l e r , 1 9 8 7 ) .  U l t i ma t e l y ,  l ow r e pr o d u c t i ve r a t e  w i l l  

r e d u c e  t h e  r a t e  o f  g e n e t i c p r o g r e s s  i n  a n y c ha r a c t e r  u nd e r  

s e l e c t i o n a s  l o s s  o f  s e l e c t i o n p r e s s u r e  r e s u l t s  f r om l o w 

n umbe r s  o f  a va i l a b l e  r e p l a c e me n t s . 

Al t h o ug h  s e ve r a l  me a s u r e s  o f  r e p r o d u c t i ve r a t e  e x i s t , t h e  

n umbe r o f  l a mbs we a ne d  pe r e we j o i n e d  p e r ye a r  ( NL W/ E J ) i s  

a n  i n f o r ma t i ve a s s e s s me n t  o f  t h e  a n n u a l  r e p r o d u c t i ve 

p e r f o r ma nc e  o f  t he e we f l o c k . T h e  N L W/ E J  i s  a c o mp o s i t e 

t r a i t  r e p r e s e n t i ng f o u r  c o mp o ne n t s  a s  f o l l o ws :  

R e p r od uc t i ve 
r a t e  

wr i t t e n  a s  

= E we X E we X L i t t e r  X L a mb 

N L W  

E J  

s u r v i va l  f e r t i l i t y s i z e s u r v i va l  

= EPL 

E J  

X EL 

E PL 

X N L B  X N L W  

E L  N L B  

w he r e : E P L  = e we s  p r e s e n t  a t  l a mb i ng 
E L  = e we s  l a mb i n g ,  a nd 

N L B  = n umbe r o f  l a mbs b o r n . 

F u r t h e r mo r e , l i t t e r  s i z e i s  a l s o  a c o mp o s i t e t r a i t  

s u bd i v i d e d  a s  f o l l o ws : 

L i t t e r  s i z e = O v u l a t i o n 
r a t e  

X Z yg o t i c  X E mb r yo n i c  
f e r t i l i t y s u r v i va l  



wr i t t e n  a s  N L B  

E L  

wh e r e ,  i n  ad d i t i o n : 

= O R  

E L  

X N F E  X N L B  

O R  N F E  

O R  = o v u l a t i o n r a t e , a n d  
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N F E  = n umb e r o f  f e r t i l i s e d  e mb r yo s . 

I n c r e a s e d r e p r o d u c t i ve r a t e  c a n  b e  a c h i e ve d  by a l t e r e d  

ma na g e me n t ,  d i r e c t  ma n i p u l a t i o n o r  b y  t h e  j ud i c i o u s  

a pp l i ca t i on o f  g e n e t i c  p r i nc i p l e s  t o  a n y  c omb i na t i o n o f  t h e  

a b o v e  c omp o n e n t s  o r  r e l a t e d  p h ys i o l o g i ca l  t r a i t s . G e n e t i c  

i mp r o ve me nt o f  r e p r o d u c t i ve c om p o n e n t s  ma y n o t  l e a d  t o  

i nc r e a s e d  r e p r od u c t i ve p e r f o r ma n c e  i n  s i t ua t i o n s  whe r e  

e nv i r o n me nt a l c o n s t r a i n t s , n a t u r a l  s e l e c t i o n o r  c o nc u r r e n t 

s e l e c t i o n f o r  o t h e r p r o d u c t i ve c ha r a c t e r s  i s  a l l o we d  t o  

d i s c r i m i na t e  a ga i ns t  i nd i v i d u a l s  o f  h i gh g e n e t i c  me r i t  f o r  

r e pr o d u c t i o n ( B i e l ha r z ,  1 9 8 6 ;  B i e l ha r z  a nd Lu x f o r d ,  1 9 8 7 ) . 

7 . 1 . 2  Fa c t o r s  a f f e c t i ng t h e  o n s e t  a nd d u r a t i o n o f  o e s t r u s i n  

e we h o gge t s  

E x t e n s i ve r e v i e ws o f  t h e  b r e e d , l i ne a nd e nv i r o nme n t a l 

f a c t o r s  a f f e c t i ng t he a t t a i n me n t  o f  p u b e r t y i n  e we l a mbs 

h a v e  b e e n  p r e s e nt e d  e l s e wh e r e  ( Dy r m u nd s s o n ,  1 9 7 3 ;  1 9 8 1 ;  

1 9 8 3 ;  R a t t r a y ,  1 9 7 7 ;  L a n d , 1 9 7 8 b ;  L e e s , 1 9 7 9 ; Mc M i l l a n ,  

1 9 8 1 ) . O n l y  e nv i r o nme n t a l f a c t o r s  w i l l  b e  b r i e f l y 

s umma r i s e d  h e r e . 

D e f i n i t i o n o f  o u be r t y :  

T h e  m o s t  c ommo n  p r a c t i ca l  d e f i n i t i o n o f  p u b e r t y  i n  e we 

l a mb s  i s  t h e  f i r s t  o c c u r r e n c e  o f  be hav i o r a l o e s t r us 

( Dyr mu nd s s o n , 1 9 7 3 ) . As n u me r o u s  a u t h o r s  have d e mo n s t r a t e d  

s u bs e q u e n t l y  t ha t  o e s t r u s a nd o v u l a t i o n a r e  n o t  a l wa ys 

c o n c o m i t a n t  e v e n t s  i n  e we l a m b s  ( Ed e y  e t  a l . ,  1 9 7 7 ;  1 9 7 8 ;  

H a r e  a nd B r ya n t , 1 9 8 2 ) ,  s o me a u t h o r s  h a ve p r e f e r r e d  t o  

i n c l u d e  t he c o nd i t i o n o f  p e r m i t t i n g i n s e m i na t i o n a t  a n  

o vu l a t o r y  o e s t r u s i n  t h e  d e f i n i t i o n o f  pube r t y  ( Ed e y  e t  



a l . ,  1 9 7 8 ;  Q u i r k e , 1 9 8 1 ) . T h e  f o r me r  d e f i n i t i o n w i l l  b e  

c o n s i d e r e d s a t i s f a c t o r y  i n  t h i s  s t ud y . 

7 . 1 . 2 . 1  E nd o c r i n o l o g y  a nd p h o t o pe r i od e f f e c t s  

1 1 1  

T h e  e nd o c r i ne e v e n t s  l e a d i ng t o  o vu l a t i o n i n  c yc l i c  e we s  c a n  

b e  s u mma r i s e d  ( ve r y  s i mp l y ) a s  f o l l o ws : 

1 .  T h e  r e l e a s e  o f  g o na d o t r o p h i n s ( L u t e i n i s i n g H o r mo n e  ( L H )  

a nd F o l l i c l e  S t i mu l a t i n g H o r mo ne ( F S H ) ) f r o m t he 

p i t u i ta r y  i s  r e g u l a t e d  b y  a n e u r o h o r mo n e  ( Go n a d o t r o p h i n  

R e l e a s i ng H o r mo n e  ( Gn R H ) ) f r o m t h e  h yp o t ha l a mu s . T he s e  

g o na d o t r o ph i n s s t i mu l a t e  t h e  g r o w t h  o f  o va r i a n  

f o l l i c l e s . 

2 .  G r o w i n g  f o l l i c l e s , i n  t u r n ,  s yn t h e s i z e  a r a n g e  o f  s t e r o i d 

a nd p e p t i d e  h o r mo n e s ,  i nc l ud i ng o e s t r a d i o l  a n d  i n h i b i n ,  

w h i c h  e x e r t  a n e ga t i ve - f e e d ba c k  a c t i o n o n  t h e  r e l e a s e  o f  

p i t u i t a r y  g o na d o t r o p h i n s . P r o g e s t e r o n e , p r o d u c e d  by t h e  

c o r pu s  l u t e um d u r i ng t h e  l u t e a l p ha s e  o f  t h e  c yc l e ,  a l s o  

e xe r t s a n e ga t i ve f e e d ba c k a c t i o n o n  t h e  r e l e a s e  o f  L H  

a nd e nh a n c e s  t h e  i n h i b i t o r y  e f f e c t s  o f  o e s t r a d i o l . 

3 .  Ve r y  h i g h  l e ve l s  o f  o e s t r a d i o l ,  s u c h  a s  a r e  p r o d u c e d  b y  

t h e  g r o w i n g  o va r i a n  f o l l i c l e n e a r  t h e  e nd o f  t h e  c yc l e , 

a r e  a l s o  r e s p o n s i b l e  f o r  t he p r e - o v u l a t o r y  s u r g e o f  L H  

w h i c h  c o n s umma t e s  t he o v u l a t o r y  p r o c e s s  by r e l e a s i n g 

t h e e g g  f r o m t h e  ma t u r e  f o l l i c l e . Th i s  p o s i t i ve 

f e e d ba c k  o f  o e s t r a d i o l  i s  f a c i l i t a t e d  by a f a l l  

i n  p r o ge s t e r o n e  l e ve l s r e s u l t i n g f r om a r e l e a s e  o f  

p r o s t a g l a nd i n s f r o m t he u t e r u s . 

I n  t h e  l a s t d e c a d e , muc h  r e s e a r c h  h a s  f o c us e d  o n  t he 

e nd o c r i n e c o n t r o l  o f  s e a s o na l a n o e s t r u s i n  s h e e p  a nd t h e  

o n s e t  o f  p u b e r t y i n  yo u n g  s h e e p . O va r i a n  s t e r o i d s e c r e t i o n 

d u r i n g a n o e s t r u s h a s  b e e n  r e v i e we d  b y  K a r s c h  e t  a l . ( 1 9 8 4 ) 

wh o f o u n d  t h a t  f o l l i c l e s  wh i c h  d e ve l o p  d u r i n g a n o e s t r u s 
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h a ve a n  a p pa r e n t l y  n o r ma l  c a pa c i t y t o  s e c r e t e o e s t r a d i o l . 

An o e s t r u s  wa s f o u n d  t o  b e  r e l a t e d t o  d e c r e a s e d  ma g n i t ud e  a nd 

s p i k e  f r e q u e n c y  o f  e p i s od i c  L H  s e c r e t i o n . T h e y  p r o p o s e d  

t ha t  d u r i ng a n o e s t r u s , t h e  s e n s i t i v i t y o f  t h e  h yp o t ha l a mo ­

p i t u i ta r y  a x i s  t o  o e s t r a d i o l  wa s l o we r e d . F o s t e r  a nd R ya n  

( 1 9 7 9 a , b )  n o t e d  t h a t  t h e  o n s e t  o f  o e s t r u s a t  p u be r t y a nd 

t h e  o c c u r r e n c e  o f  o e s t r u s a t  t h e  b e g i n n i ng o f  t h e  b r e e d i ng 

s e a s o n  o f  a d u l t  e we s  m i g h t  b o t h  b e  r e l a t e d  t o  a p r o n o un c e d  

d e c r e a s e  i n  t h e r e s p o n s e  o f  t h e  hypo t h a l a mu s  t o  t he n e ga t i ve 

f e e d ba c k  a c t i o n o f  o e s t r a d i o l  o n  s u bs e q u e n t  r e l e a s e  o f  

G n R H . T h e y  p r o p o s e d  t ha t  " p u b e r t y "  c o u l d  a l mo s t  b e  

c o ns i d e r e d a n  a n n ua l p r o c e s s  i n  t h e  e we . 

S i n c e  1 9 7 9 , a p l e t h o r a  o f  i n f o r ma t i o n h a s  b e e n  p u b l i s h e d  a nd 

r e v i e we d  o n  t h e  p hys i o l o g i c a l e f f e c t s  o f  me l a t o n i n ,  a n  

i nd o l e - a m i n e  r e l e a s e d  f r o m t h e  p i n e a l  g l a nd d u r i ng d a r k n e s s  

h o u r s . I t  i s  t h o u g h t  t h a t  me l a t o n i n  ma y b e  t h e  c h e m i c a l 

r e s p o n s i b l e  f o r  t h i s  va r i a t i o n  i n  s e ns i t i v i t y o f  t h e  

h yp o t ha l a m i c - p i t u i t a r y  a x i s  t o  o e s t r a d i o l ,  a nd h e n c e  t h e  

s e a s o na l i t y o f  r e p r od uc t i o n a nd p u b e r t y i n  s h e e p  ( F o s t e r  

a n d  Rya n ,  1 9 8 1 ;  B i t t ma n e t  a l . ,  1 9 8 3 a ;  1 9 8 3 b ;  B i t t ma n  a n d  

K a r s c h ,  1 9 8 4 ;  K a r s c h  e t  a l . ,  1 9 8 4 ;  K e n n a wa y ,  1 9 8 4 ;  F o s t e r  

e t  a l . ,  1 9 8 6 ) . O t h e r s  a r e  wo r k i ng t o  d e v i s e me t h o d s  wh i c h  

w i l l  a l l o w  t h e  t i me o f  o n s e t  o f  o e s t r us a c t i v i t y t o  b e  

ma n i pu l a t e d  d i r e c t l y  b y  t h e  s t r a t e g i c  t r e a t me n t  o f  e we s  

( Ar e nd t  e t  a l . ,  1 9 8 3 ) a nd e we l a mbs ( K e n na wa y  a nd G i l mo r e , 

1 9 8 4 ;  N owa k a nd R od wa y , l 9 8 5 )  w i t h  e x o g e n o u s me l a t o n i n .  

E x o g e n o u s  me l a t o n i n  t r e a t me n t ,  a l t h o ug h  r e q u i r i n g l o n g  t e r m 

a d m i n i s t r a t i o n v i a  o r a l ,  s u bc u t a n e o u s , r um i na l  o r  v a g i na l  

r o u t e s , ma y s t i l l  p r o ve t o  b e  a v i a b l e ma na g e me n t  o p t i o n 

d ue t o  t he r e l a t i ve l y l o w c o s t o f  ma n u f a c t u r i n g s yn t h e t i c  

me l a t o n i n .  



T h i s  a r e a o f  r e s e a r c h  w i l l  n o t  b e  d i s c u s s e d  a t  l e n g t h ; 

h o we v e r , a f e w  p o i n t s  a r e  wo r t h  n o t i ng .  
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i )  E we l a mb s  r e q u i r e  a n  1 1 - 1 5  we e k  p e r i od o f  e x p o s u r e  t o  

l o n g  d a y s  i n  wh i c h t o  e s t a b l i s h  a c i r ca d i a n  s e n s i t i v i t y 

t o  me l a t o n i n  ( Y e l l o n a nd F o s t e r ,  1 9 8 2 ; 1 9 8 5 ) .  W i t h o u t  

t h i s  l o n g -d a y  e x p os u r e  p u be r t y i s  d e l a yed . I n  b r e e d s  

w i t h  p r o n o u nc e d  s e a s o na l i t y ,  p u b e r t y ma y b e  d e l a ye d  

u n t i l  t h e  f o l l o w i n g a u t u mn / w i n t e r  a s  i s  t h e  c a s e  i n  

l a mb s  b o r n  a nd r e a r e d  o u t  o f  s e a s o n  ( K e n n a wa y ,  1 9 8 4 ) . 

i i ) T h e  t r a n s i t i o n i n t o  a d u l t h o od i s  n o t  s udd e n  b u t , r a t he r , 

i s  c ha r a c t e r i s e d  by s h o r t e ne d  o r  i nc o mp l e t e  c yc l e s  

d u r i n g w h i c h pa r t  o f  t h e  e nd o c r i n e sys t e m  b e c o me s  

" p r i me d " t o  t h e  p r e s e n c e  a nd a c t i o n o f  pr o g e s t e r o n e 

( F o s t e r  e t  a l . 1 9 8 4 ) . O n e  o r  mo r e  o f  t h e s e  c yc l e s  ma y 

i n v o l ve s i l e n t  o v u l a t i o n s ( F o o t e e t  a l . ,  1 9 7 0 ;  F o s t e r  

a nd Rya n ,  1 9 7 9Q�H a r e  a n d  B r ya nt , 1 9 8 2 ) .  T h e  f i r s t  

o vu l a t o r y  o e s t r us o c c u r s  s u b s e q u e n t  t o  t he s e  i r r e g u l a r  
11 

c yc l e s . S i m i l a r  " t r a n s i t i o n a l cyc l e s  a r e  o f t e n  s e e n  i n  

a d u l t  e we s  ( K a r s c h  e t  a l . ,  1 9 8 4 ) .  

i i i ) Ewe h o g g e t  l i v e  we i g h t , g r o wt h  r a t e , a n d  a g e  i n t e r a c t  

w i t h  t h e  a b o v e  d yna m i c s ys t e m  s u c h  t h a t  t h e  e x p o s u r e  o f  

t h e  y o u n g  e we t o  t h e  a p p r o p r i a t e  p h o t o pe r i od i c  s t i mu l i 

d o e s  n o t  n e c e s s a r i l y g u a r a n t e e  t h a t  t h e  l a mb w i l l  a t t a i n  

p u be r t y . T h e s e  i nt e r a c t i o n s  ma y b e  d e pe nd e n t  o n  g e ne t i c  

f a c t o r s  ( Ra t t r a y ,  1 9 7 7 ;  L a nd , 1 9 7 8 b ) . 

i v ) Ce s s a t i o n o f  o e s t r u s a c t i v i ty i n  b o t h  e we s  a nd e we l a mb s  

s e e ms t o  b e  a r e s u l t  o f  r e f r a c t o r i n e s s  o f  t h e 

h yp o t ha l a m i c - p i t u i t a r y  a x i s  t o  t h e  e f f e c t s  o f  me l a t o n i n .  
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7 . 1 . 2 . 2  Ag e a n d  l i ve we i g h t  

Ca r e  mu s t  b e  t a k e n  i n  g e n e r a l i s i ng a b o ut t h e m i n i mum a g e  o r  

l i v e we i g h t  r e q u i r e d  f o r  t h e  a t t a i n me n t  o f  pube r t y a s  a g e , 

b i r t h  r a n k , s e a s o n  o f  b i r t h ,  g r o wt h  r a t e  a n d  g e n e t i c  

e f f e c t s c a n  a l l  i n t e r a c t  w i t h  p h o t o pe r i od i c c o nd i t i o n s . 

S e ve r a l  N e w  Z e a l a n d  s t ud i e s h a v e  s h o wn t h a t  a n i ma l s  r e a c h i ng 

p u b e r t y i n  t h e  f i r s t  a u t umn/ w i n t e r  t e nd t o  b e  h e a v i e r  t h a n  

t h o s e  wh i c h d o  n o t  ( Ch ' a n g  a nd Ra e s i d e , 1 9 5 7 ;  H i gh t  e t  a l . ,  

1 9 7 3 ;  Me ye r a nd F r e nc h ,  1 9 7 9 ; Ba k e r  e t  a l . ,  1 9 8 1 ;  Mc M i l l a n  

a nd M c D o na l d ,  1 9 8 3 ;  As o f i ,  1 9 8 4 ) .  I n  o t h e r  s t ud i e s  l i t t l e  

o r  n o  d i f f e r e nc e  wa s f o u n d  ( Ba k e r  e t  a l . ,  1 9 7 9 ; Q u i r k e , 

1 9 7 9 ) .  

An i ma l s b o r n  l a t e r  i n  t h e  s e a s o n  w i l l  t e nd t o  r e a c h  p u be r t y  

a t  a yo u n g e r a g e  a nd l o we r l i ve we i g h t  t h a n  t h o s e  b o r n  

e a r l i e r  i n  t h e  ye a r  a s  c r i t i ca l  p h o t o p e r i od i c  e f f e c t s  a r e  

e x p e r i e n c e d  b y  e a r l y - a nd l a t e - b o r n  l a mb s  a t  s i m i l a r  t i me s  

o f  t h e  ye a r  ( H u l e t  e t  a l . ,  1 9 6 9 ;  Dyr mu nd s s o n ,  1 9 7 3 ;  1 9 8 1 ;  

1 9 8 3 ;  D i c k e r s o n  a nd L a s t e r ,  1 9 7 5 ;  C e d i l l a e t  a l . ,  1 9 7 7 ;  

Ba k e r  e t  a l . ,  1 9 7 9 ; Q u i r k e , 1 9 8 1 ) . Ea r l y- b o r n  e we s ,  p e r h a ps 

d u e  t o  a l i ve we i g h t  a d va n t a g e , r e a c h  p u b e r t y e a r l i e r  t ha n  

l a t e - b o r n  e we s  ( Dy r mu nd s s o n  a nd L e e s ,  1 9 7 2 a ) . 

T w i n b o r n  l a mb s  a r e  o f t e n  o l d e r  a nd l i g h t e r  a t  f i r s t  

o e s t r u s ,  pa r t i c u l a r l y  i f  l a t e  b o r n ,  d u e  t o  t h e  c o mb i n e d  

e f f e c t s o f  l o we r  b o d y  we i g h t  a nd / o r  b o d y  we i g h t  g a i n  ( H u l e t  

e t  a l . ,  1 9 6 9 ;  Ba k e r  e t  a l . ,  1 9 7 8 ;  Dyr mu n d s s o n  a nd L e e s , 

( 1 9 7 2 a ) . 

7 . 1 . 2 . 3  P r e s e nc e  o f  t h e  r a m  

Al t h o u g h  s ud d e n  i n t r od u c t i o n o f  r a ms i n t o  gr o u ps o f  

p r e pu be r t a l  e we s  c a n  l e a d  t o  o e s t r u s s yn c h r o n i za t i o n ,  t h e  

d a t e  o f  f i r s t  o e s t r u s i s  u s ua l l y u n a l t e r e d  ( D yr mu n d s s o n  a nd 

L e e s ,  1 9 7 2 b ) . 
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7 . 1 . 3  S e l e c t i o n f o r  i mpr o v e d  r e p r o d u c t i ve pe r f o r ma n c e  

7 . 1 . 3 . 1  D i r e c t  s e l e c t i o n 

Ea r l y r e v i e ws o f  g e n e t i c  i n f l u e n c e s  o n  r e p r od u c t i o n i n  s h e e p  

we r e  q u i t e p e s s i m i s t i c ( R e e ve a nd R o be r t s o n ,  1 9 5 3 ) a nd ,  

a l t h o u g h  b r e e d  d i f f e r e n c e s  we r e  r e c o g n i s e d ,  i nd i v i d ua l  

v a r i a t i o n wa s c o n s i d e r e d i n c o n s e qu e n t i a l . La t e r  wo r k  s h o we d  

t ha t  d i r e c t  s e l e c t i o n f o r i n c r e a s e d f e r t i l i t y w o u l d l i k e l y  

y i e l d o n l y  l i m i t e d  i mp r o v e me n t ,  p r i ma r i l y b e c a u s e  t he 

ma x i mu m  l e ve l o f  p e r f o r ma n c e  i s  1 0 0 % ,  b u t  a l s o  b e c a u s e  

h e r i ta b i l i t y a nd r e pe a ta b i l i t y va l u e s  f o r  f e r t i l i t y we r e  

v e r y  l o w ( Y o u n g  e t  a l . ,  1 9 6 3 ;  T u r n e r , 1 9 6 9 ;  M c Gu i r k ,  1 9 7 6 ;  

L a nd , 1 9 7 7 ;  1 9 7 8 a ) . T h e  o t h e r , p e r ha p s  mo r e  i mp o r t a n t  

i n f e r e nc e , wa s t ha t  f e c u nd i t y s h o w e d s u f f i c i e n t  g e n e t i c  

v a r i a t i o n ,  a nd r e p e a ta b i l i t y ,  t o  wa r r a n t  d i r e c t  s e l e c t i o n . 

G e n e t i c  d i f f e r e n c e s  i n  f e c u nd i t y b e t we e n  a nd w i t h i n  mo s t  

b r e e d s o f  s h e e p  a r e  c o n s i d e r e d t o  be d u e  t o  ma n y  g e n e s  o f  

s ma l l  e f f e c t . S e l e c t i o n f o r  i nc r e a s e d f e c u nd i t y i s  a s s um e d  

t o  p r o d u c e  s ma l l  i n c r e me n t a l c h a n g e s  i n  a phe n o t yp i ca l l y 

d i s c r e t e  c h a r a c t e r .  T h e  e xc e p t i o n t o  t h i s  i s  t h e  B o o r o o l a  

M e r i n o  whe r e  a s i ng l e  g e n e , t h e  F - g e ne , o f  ma j o r a d d i t i ve 

e f f e c t i s  r e s p o n s i b l e  f o r  mu c h  o f  t h e o bs e r ve d  va r i a t i o n i n  

o vu l a t i o n r a t e  i n  t h i s  p o p u l a t i o n ( P i pe r  a nd B i nd o n , 1 9 8 2 ) .  

R e c e n t  w o r k  o n  t he me c ha n i c s o f  o va r i a n  f o l l i c u l a r  

d e ve l o pme n t  ( Dr i a n c o u r t  e t  a l . ,  1 9 8 6 ;  D r i a nc o u r t a nd F r y ,  

1 9 8 8 ) h a s  s h o wn t h a t  s e l e c t i o n f o r  h i g h o v u l a t i o n r a t e  i n  

B o o r o o l a s , F i n n s  a nd R o ma n o v s  h a s l e d t o  t h r e e  d i s t i nc t  

o v u l a t o r y  me c ha n i s ms ,  e a c h  o f  wh i c h h e l p s  t o  c o n t r o l  t he 

f i na l  o bs e r ve d  o v u l a t i o n  r a t e . As o u r  u nd e r s t a nd i n g o f  

o v u l a t i o n r a t e  i n c r e a s e s  i t  ma y b e  p o s s i b l e  t o  s e l e c t  

d i r e c t l y  f o r  und e r l y i ng h o r mo na l a nd phys i o l o g i c a l t r a i t s . 

A n u mb e r  o f  f e r t i l i t y/ f e c u n d i t y s e l e ct i o n f l o c k s  we r e  

i nd e p e nd e n t l y  e s ta b l i s he d  i n  N e w  Z e a l a nd ( Wa l l a c e , 1 9 5 8 ;  

1 9 6 4 ;  C l a r k e , 1 9 7 2 ;  1 9 7 7 ) a nd Au s t r a l i a ( T u r n e r  1 9 6 2 ;  1 9 6 9 ; 
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Y o u n g , e t  a l . 1 9 6 3 ;  M c G u i r k , 1 9 7 6 ) .  T h e  c e n t r a l l i m i t a t i o n s  

o f  t h e s e  s ys t e ms w e r e  s o o n  p o i n t e d  o u t , n a me l y : 

i )  c ha r a c t e r s  we r e  s e x - l i m i t e d  a nd r a ms h a d  t o  b e  s e l e c t e d  

o n  t h e  ba s i s  o f  t h e  p e r f o r ma n c e  o f  f e ma l e  r e l a t i ve s , 

i i )  a g e  o f  t h e  e we e x e r t e d  c o ns i d e r a b l e  i n f l u e nc e  o n  t h e  

l e v e l o f  p e r f o r ma nc e  a nd h e r i t a b i l i t y ,  

i i i )  t h e  r a m ' s c o n t r i b u t i o n t o  c o n c e p t i o n r a t e  o f t e n  ma s k e d  

i mp o r t a n t  va r i a t i o n i n  e we t r a i t s ,  a nd 

i v )  f e r t i l i t y a nd f e c u nd i t y we r e  t he ms e l ve s  i n f l u e nc e d  b y  

t h e  e we l a mb ' s  b i r t h  s t a t us . 

Eve n g i ve n  t h e s e  c o mp l i ca t i o n s , a n n ua l g e n e t i c  ga i ns o f  1 - 2  

l a mb s  d o c k e d p e r  1 0 0  e we s  j o i n e d  h a v e  b e e n  a c h i e ve d  i n  

t h r e e  s e pa r a t e  s e l e c t i o n e x p e r i me n t s  

Ea s t o e , 1 9 7 0 ;  C l a r k e ,  1 9 7 2 ) .  

7 . 1 . 3 . 2  I nd i r e c t  s e l e c t i o n 

( T u r n e r ,  1 9 6 8 ;  D u n  a nd 

T h e  d i f f i c u l t i e s i n h e r e n t i n  i mp r o v i n g r e pr o d u c t i ve r a t e  b y  

d i r e c t  s e l e c t i o n h a ve p r o mp t e d  ma n y  s t u d i e s  i n t o  me t h o d s  o f  

i nd i r e c t  s e l e c t i o n o r  s e l e c t i o n f o r  c o m p o n e n t  t r a i t s ,  

e s pe c i a l l y me a s u r e s  o f  f e r t i l i t y/ f e c u n d i t y e v i d e n t a t  a n  

e a r l i e r  a g e , i n  a n  a t t e mp t  t o  o bv i a t e  t h e p r o b l e ms o u t l i n e d  

a b o v e . P o t e n t i a l  s e l e c t i o n  c r i t e r i a  h a v e  b e e n  r e v i e we d  b y  

B i nd o n a nd P i pe r  ( 1 9 7 6 ) ,  L a nd ( 1 9 7 7 ) ,  B r a d f o r d  ( 1 9 8 5 ) , 

P u r v i s  ( 1 9 8 7 ) a nd ( i n R o mn e ys ) 

i n c l ud e : 

Da l t o n a nd Ra e ( 1 9 7 8 ) ,  a nd 

i ) p l a s ma L H  a nd F S H  l e ve l s ,  

i i ) t e s t i s  g r o wt h  a nd d i a me t e r ,  

i i i ) o v u l a t i o n r a t e , 

i v ) n u mbe r o f  h o gg e t  o e s t r u s e s , a nd 

V )  l i v e we i g h t  a t  we a n i n g o r  1 4 - mo n t h s . 
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F S H  a nd L H  h a ve t h e  a d va n t a g e  o f  be i n g me a s u r a b l e  i n  b o t h  

s e xe s  a t  a n  e a r l y  a g e ; h o we ve r , t he p u l s a t i l e n a t u r e  o f  L H  

r e l e a s e  me a ns t h a t  o ne b l o o d s a mp l e  i s  u n l i k e l y  t o  b e  a 

r e l i a b l e  i nd i c a t o r  o f  L H  s t a t u s . Me a s u r e me n t  o f  F S H  

c o nc e n t r a t i o n pe r m i t s  d i s c r i m i na t i o n b e t we e n  e we l a mbs o f  

va r y i ng me r i t  f o r  f e r t i l i t y/ f e c un d i t y b u t  n o t  b e t we e n  r a m  

l a mb s  ( B i nd o n  a nd P i p e r ,  1 9 7 6 ;  R i c o r d e a u  e t  a l . 1 9 8 4 ) .  

E x c e l l e n t  d i s c u s s i o n s  o f  F S H  a nd L H  l e ve l s  a nd t he i r  

i n t e r a c t i o ns w i t h  g e n e t i c  a nd e nv i r o nme n t a l f a c t o r s  c a n be 

f o u n d  i n  F i nd l a y  a n d  B i nd o n  ( 1 9 7 6 ) ,  Land ( 1 9 7 8 b )  a nd L a nd 

a nd C a r r  ( 1 9 7 9 ) . 

I n  s e a r c h  o f  a c ha r a c t e r  i n  r a ms wh i c h may b e  r e l a t e d t o  

c omp o n e n t  o f  f e ma l e r e p r o d uc t i o n ,  La nd ( 1 9 7 3 ) a nd I s l a m  a nd 

L a nd ( 1 9 7 7 ) s t ud i e d  t e s t i s  g r o w t h  r a t e  a nd d i a me t e r  i n  

b r e e d s  a nd c r o s s e s  d i f f e r i n g i n  f e c u nd i t y . T h i s  wo r k , a nd 

p r e l i m i na r y  r e s u l t s f r o m a d i ve r g e n t  l a r g e ve r s us s ma l l  

t e s t i s  d i a me t e r  s e l e c t i o n t r i a l ,  a r e  s umma r i s e d b y  L a n d  

( 1 9 7 8 b ) . An i n c r e a s e  i n  a d u l t  t e s t i s  d i a me t e r  wa s 

a c c o mpa n i e d  b y  a d e l a y e d  e nd t o  t h e  b r e e d i n g s e a s o n  a nd 

h i g h e r  o vu l a t i o n r a t e  i n  t h e l a r g e  t e s t i s  l i ne .  I n c r e a s e d  

j uve n i l e t e s t i s d i a me t e r , a nd e a r l y  t e s t i s  g r o wt h  r a t e , we r e  

a s s o c i a t e d w i t h  i nc r e a s e d  o vu l a t i o n r a t e  a nd e a r l i e r o ns e t  

o f  t h e  b r e e d i n g s e a s o n . T h e  h e r i t a b i l i t y o f  t e s t i s  

d i a me t e r  i n  s h e e p  h a s  r a n g e d  f r om 0 . 1  t o  0 . 6  a nd a d j u s t me n t  

f o r  d a t e  o f  b i r t h  a nd b i r t h  r a n k  a r e  r e q u i r e d  ( K i l g o u r  e t  

a l . ,  1 9 8 5 ;  P u r v i s ,  1 9 8 7 ) . 

T h e  p r o s p e c t  o f  u t i l i s i n g o vu l a t i o n  r a t e  ( me a s u r e d  b y  

e nd o s c o py )  a s  a s e l e c t i o n c r i t e r i o n ha s r e c e n t l y  r e c e i ve d  

m o r e  a t t e n t i o n ( B r a d f o r d , 1 9 7 2 ;  H i g h t  e t  a l . ,  1 9 7 3 ;  

H a n r a ha n ,  1 9 7 4 ;  B i nd o n  a nd P i p e r , 1 9 7 6 ) . Ovu l a t i o n r a t e  i s  

h i g h l y  r e pe a t a b l e  b o t h  w i t h i n  ( . 6 9 )  a nd be t we e n  ( . 1 5 t o  . 7 8 )  

ye a r s  ( T u r n e r , 1 9 6 2 ;  H a n r a h a n ,  1 9 7 6 ) .  T h e  h i g h e s t  e s t i ma t e s  

o f  r e p e a t a b i l i t y we r e  o b t a i n e d  i n  h i g h f e c u nd i t y b r e e d s  

s u c h  a s  t h e  F i n n i s h  L a n d r a c e . T h e  h e r i t a b i l i t y o f  o vu l a t i o n 

r a t e  ha s n o t  be e n  r e l i a b l y  a s s e s s e d . A l t h o u g h  t h e  
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r e l a t i o n s h i p  b e t we e n  o v u l a t i o n r a t e  a nd l i t t e r  s i z e  i s  l e s s  

t ha n  u n i t y ( Ha n r a ha n ,  1 9 7 6 ) i t  a p p e a r s  s a f e  t o  c o n c l ud e  

t ha t  l i t t e r  s i z e  w i l l  i nc r e a s e  f o l l o w i n g s e l e c t i o n f o r  

o v u l a t i o n r a t e . S m i t h  e t  a l . ( 1 9 8 7 ) h a v e  d e mo n s t r a t e d  a 

c l o s e  g e n e t i c  r e l a t i o n s h i p  be t we e n  na t u r a l l y o c c u r r i ng 

o v u l a t i o n r a t e s  a nd t h o s e  i nd u c e d  b y  P r e g n a n t  Ma r e  S e r u m 

G o na d o t r o p h i n  ( P M S G ) . T r e a t me n t w i t h  P M S G  h a d  t h e  a d va n t a ge 

o f  a l l o w i n g  o vu l a t i o n r a t e  t o  b e  e x p r e s s e d  i n  a p r o p o r t i o n 

o f  o t h e r w i s e  a n o vu l a r  p r e p u be r ta l  e we l a mb s . A p r a c t i ca l  

p r o g r a mme f o r t h e  u s e  o f  o v u l a t i o n r a t e  t o  i mp r o v e  f e c u n d i t y 

i s  o u t l i n e d  b y  H u l l  a nd Ha n n i ng ( 1 9 8 0 ) . 

L i k e o vu l a t i o n r a t e  o r  f e r t i l i t y ,  t h e  n umbe r  o f  t i me s  a e we 

o r  e we h o g g e t d i s p l a ys o e s t r u s  i s  a me a s u r e  o f  o va r i a n  

a c t i v i t y .  H e r i ta b i l i t y e s t i ma t e s  f o r t h e  n u mbe r  o f  h o g g e t 

o e s t r u s e s  i n  N e w  Z e a l a nd R o mne ys , s umma r i s ed by Da l t o n  a nd 

R a e  ( 1 9 7 8 ) ,  a r e  h i gh e r  t h a n  t h o s e  o f  o t h e r  r e pr od uc t i ve 

t r a i t s me a s u r e d  i n  ma t u r e  e we s . T h e  n umb e r  o f  h og g e t 

o e s t r u s e s  h a s  a l s o  b e e n  p o s i t i v e l y  r e l a t e d  t o  s ub s e q u e n t  

r e p r o d u c t i ve r a t e  i n  a n u mb e r  o f  w i t h i n  ( Ch ' a ng a nd R a e , 

1 9 7 0 ;  1 9 7 2 ;  B i nd o n  a nd P i p e r , 1 9 7 6 ) ,  a nd b e t we e n  b r e e d  

s t ud i e s ( Dy r mu nd s s o n ,  1 9 7 3 ) . T h e  p e r c e n t a ge o f  e we h o g g e t s  

d i s p l a y i n g  o e s t r u s i s  a n o t h e r  wa y o f  d e s c r i b i n g o e s t r u s 

o c c u r r e n c e  i n  h o gge t s . H i g h e r  s u b s e q u e n t  r e p r o d uc t i ve 

p e r f o r ma n c e  i n  e we s  a b l e  t o  s h o w  o e s t r u s i n  t h e i r  f i r s t  

a u t umn h a s  b e e n  w i d e l y  d e mo n s t r a t e d  ( H u l e t  e t  a l . ,  1 9 6 9 ;  

H i g h t  a n d  J u r y ,  1 9 7 6 ;  Ba k e r  e t  a l . 1 9 8 7 ) . 

A r e c e n t  r e v i e w  o f  t h e  ge n e t i c  a nd p h ys i o l o g i c a l 

r e l a t i o ns h i ps b e t we e n  gr o wt h a nd r e pr od u c t i o n i n  ma mma l s  

c o nc l ud e d  t ha t  ma t u r e  a nd ye a r l i ng l i ve we i g h t  h a d  s t r o n g 

g e ne t i c  c o r r e l a t i o n s  ( . 4 4 t o  . 7 8 )  w i t h  t h e  n umbe r o f  l a m b s  

b o r n  pe r e we ma t e d  o r  p e r  e we l a mb i n g ( Br i e n ,  1 9 8 6 ) . 

G e n e t i c  c o r r e l a t i o n s  w i t h  we a n i n g we i g h t  we r e  a l s o  p o s i t i v e 

b u t  o f  l e s s e r  ma g n i t u d e  ( . 1 7 t o  . 3 7 ) . Ba r l o w a nd H e d g e s 

( 1 9 7 6 ) s h o we d  s i m i l a r  e we l a mb r e p r o d u c t i ve pe r f o r ma n c e  i n  

l i ne s  s i mu l t a n e o u s l y  s e l e c t e d  f o r  r e p r od u c t i ve r a t e , we a n i n g 
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we i g h t  a nd c l e a n  f l e e c e  we i g h t  o r  s e l e c t e d  o n  we a n i ng 

we i g h t  a l o n e . R e c e n t  wo r k  by D a v i s  ( 1 9 8 7 ) ,  i n  Me r i n o s , 

d e mo n s t r a t e d  c o r r e l a t e d  r e s p o ns e s  t o  s e l e c t i o n f o r  

i nc r e a s e d  we a n i n g we i g h t  i n  a l l  r e p r o d u c t i ve t r a i t s e xc e p t  

f e r t i l i t y a nd p r o l i f i ca c y . T h e  c o r r e l a t e d  r e s p o n s e  

r e s u l t e d  f r om i n c r e a s e d  l a mb s u r v i va l  a nd r e a r i n g a b i l i t y 

o f  t h e  d a ms . C o mpa r i s o n s  o f  R ua k ur a  l i n e s  d i f f e r i ng i n  

r e pr od u c t i ve r a t e  h a v e  n o t  a l ways d e mo n s t r a t e d  d i f f e r e nc e s  

i n  we a n i ng we i g h t  wh i l e 1 4 - mo n t h  we i g h t  wa s u s u a l l y h i g h e r 

i n  t h e  h i g h e r f e c u n d i t y l i n e s  ( C l a r k e , 1 9 7 2 ;  Da l t o n a n d  R a e , 

1 9 7 8 ;  Ba k e r  e t  a l . ,  1 9 8 7 ) .  

7 . 1 . 4  R e l a t i o n s h i ps b e t we e n  wo o l  gr o w t h  a n d  r e p r o d u c t i o n 

E s t i ma t e s  o f  t h e g e n e t i c  c o r r e l a t i o n b e t we e n  h o g g e t g r e a s y  

f l e e c e  we i g h t  a n d  s u b s e qu e n t  l amb p r o d u c t i o n h a v e  va r i e d  

f r om s t r o ng l y  n e ga t i ve ( - . 8 5 )  t o  s t r o n g l y  p o s i t i ve ( + . 9 2 )  

i n  s t ud i e s  by K e n n e dy ( 1 9 6 7 ) ,  B l a i r  ( 1 9 8 1 )  a nd D a v i s  a n d  

K i ng h o r n  ( 1 9 8 6 ) . E s t i ma t e s  pu b l i s h e d  p r i o r t o  1 9 7 8  ( mo s t  o f  

t he m  n e ga t i ve ) h a v e  b e e n  r e v i e we d by L e we r ( 1 9 7 8 ) .  L e we r ' s  

o wn e s t i ma t e s  o f  t he g e n e t i c  c o r r e l a t i o n b e t we e n  n umbe r o f  

l a mbs we a n e d  a n d  h o g g e t  g r e a s y  f l e e c e we i g h t  we r e  n e g a t i ve 

b u t  va r i a b l e , a nd r a n g e d  f r om - . 5 4 t o  - . 0 4 .  N o n e  o f  t h e  

g e n e t i c  c o r r e l a t i o n s  wa s s i g n 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 u r n e r  ( 1 9 7 2 ) c o nc l ud e d  t h a t  a va i l a b l e  e s t i ma t e s  o f  t h i s  

g e ne t i c  c o r r e l a t i o n we r e  n o t  s u f f i c i e n t l y  a n t a g o n i s t i c  t o  

p r e ve n t s i mu l t a n e o us s e l e c t i o n f o r  wo o l ,  me a t  a nd 

r e p r od u c t i o n . O n  t h e  b a s i s  o f  M e r i n o p a r a me t e r s ,  j ud i c i o u s  

c r o s s - b r e e d i n g ma y b e  a b e t t e r  me t h od t o  i mp r o v e  a l l  t h r e e  

t r a i t s a s  q u i c k l y  a s  p o s s i b l e  ( Tu r ne r , 1 9 7 2 ) .  S h e a l s o  

c omme n t e d  o n  t h e h i g h l y  va r i a b l e  r e p o r t e d  g e n e t i c  

c o r r e l a t i o n s  b e t we e n  f l e e c e we i g h t  a n d  r e p r o d u c t i o n a nd 

n o t e d t ha t  f a i l u r e  t o  a c c o u n t  f u l l y  f o r  b i r t h r a n k e f f e c t s 

ma y b i a s  t h i s  c o r r e l a t i o n d o wn wa r d s . 
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An a s s o c i a t i o n be twe e n  t h e  s e a s o na l i t y o f  wo o l  g r o wt h  a n d  

l e n g t h  o f  t he r e pr od u c t i v e s e a s o n  wa s f o u nd by M o n t g o me r y  

( 1 9 8 7 ) a nd M o n t g o me r y  a nd H a wk e r  ( 1 9 8 7 ) . The s e  a u t h o r s  

d e mo n s t r a t e d  h i gh e r  o v u l a t i o n r a t e s  a nd a pr o l o n g e d  

b r e e d i n g s e a s o n  i n  R o mn e y  a nd P e r e nd a l e  e we s  wi t h  a h i s t o r y 

o f  h i g h ,  r a t h e r  t ha n  l ow ,  w i n t e r  w o o l  g r o w t h . T h e y  a l s o  

c o mme n t e d  o n  t he r e l e va n c e  o f  t he i r  r e s u l t s  t o  a c r o s s  b r e e d  

c o mp a r i s o n s  o f  t h e  s e a s o na l i t y o f  w o o l  g r owt h a nd 

r e p r o d u c t i o n . H e a t h  a nd L y n c h  ( 1 9 8 2 )  d e mo n s t r a t e d  a na lo g o u s  

i n t r a - s p e c i f i c d i f f e r e n c e s i n  s e n s i t i v i ty o f  ha i r  g r o w t h  

a nd r e p r o d uc t i o n t o  e x o g e n o u s me l a t o n i n  i n  s t r a i ns o f  wh i t e 

f o o t e d m i c e  f r om n o r t h e r n  a nd s o u t he r n  r e g i o n s  o f  t h e  U n i t e d  

S ta t e s . I t  r e ma i n s t o  b e  s h o wn wh e t h e r  b r e e d  d i f f e r e nc e s  i n  

t h e  s e n s i t i v i t y o f  p h y s i o l o g i ca l  s y s t e ms t o  p h o t o p e r i o d 

r e l a t e  t o  d i f f e r e n c e s  i n  t h e l e ve l o r  pa t t e r n  o f  p r o d u c t i o n 

o f  me l a t o n i n ,  o r  t he r e s p o n s e  o f  e n d o c r i ne o r  t a r g e t  

t i s s u e s  t o  c i r c u l a t i ng me l a t o n i n  c o n c e n t r a t i o n . 

S e l e c t i o n f o r h i g h h o g g e t  g r e a s y  f l e e c e  we i g h t  i n  t he M a s s e y  

U n i ve r s i t y P T  R omney f l o c k  h a s  b e e n a c c ompa n i e d  b y  

c o r r e l a t e d  r e s p o n s e s  i n  we a n i n g we i g h t , h o gge t l i ve we i g h t  

a nd t h e n u mb e r  o f  l ambs b o r n  a nd r e a r e d p e r e we l i f e t i me 

( B 1 a i r ,  1 9 8 1 ;  B l a i r  e t  a l . ,  1 9 8 4 ) . T h e  pa t hways t h r o u g h  

wh i c h  s e l e c t i o n f o r  i nc r e a s e d  f l e e c e we i gh t  has l e d  t o  

i n c r e a s e d  l a mb p r o d u c t i o n i n  t h i s  f l o c k  h a ve n o t  ye t b e e n  

e l uc i d a t e d . P r e l i m i na r y  a na l ys e s  o f  1 9 8 2 - ,  1 9 8 3 - a nd 1 9 8 4 -

b o r n  t wo - t o o t h  l a mb i n g r e c o r d s  h a v e  f a i l e d  t o  s h ow 

s i g n i f i ca n t  d i f f e r e nc e s  i n  e i t h e r f e r t i l i ty ( E L / E P L ) o r  

f e c un d i t y ( L B / EL ) . Th i s  i mp l i e s t h a t  d i f f e r e n c e s  i n  

l i f e t i me r e p r o d u c t i ve p e r f o r ma n c e  a r e  d u e  t o  l a mb i n g 

p e r f o r ma n c e  a t  l a t e r  l a mb i n g s . T u r n e r  ( 1 9 6 9 ) h a s  s h o wn t h a t  

d i f f e r e n c e s  i n  l a mb p r o d u c t i o n we r e  o f t e n  n o t  e v i d e n t  u n t i l  

t h e  s e c o nd o r  l a t e r  l a mb i n g s . 
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I nc r e a s e d r e p r o d u c t i ve pe r f o r ma nc e  i n  F W  e we s  ma y r e l a t e  t o  

a d va n t a g e s  i n  l i v e we i g h t  o r  t o  o t h e r  i nd i r e c t e f f e c t s  s uc h  

a s  t h e  r e l a t e d  r e s p o n s e s  o f  wo o l  g r o wt h  a nd r e p r o d u c t i o n t o  

p h o t o pe r i od i c e f f e c t s . As n o t e d  by B l a i r  ( 1 9 8 1 ) i t  i s  a l s o  

p o s s i b l e t ha t  f i xa t i o n o f  s ome g e n e  ( o r g e n e s ) f a vo r a b l e  

f o r l a mb p r o d u c t i o n h a s  o c c u r r e d . 

7 . 1 . 5  O b j e c t i ve s  o f  t he c u r r e n t r e s e a r c h  

T h e  o b j e c t i ve s  o f  t h i s  t r i a l  we r e  t o : 

1 )  e xa m i n e  t he o n s e t a nd d u r a t i o n o f  o e s t r u s i n  

f l e e c e we i g h t - s e l e c t e d  ( FW )  a nd c o n t r o l  ( C )  R o mn e y  h o g ge t s , 

2 )  d e t e r m i n e  t he c o n t r i b u t i o n o f  w i t h i n - a nd be t we e n ­

l i n e  d i f f e r e nc e s  i n  l i v e we i g h t , l i v e we i g h t  g a i n  a n d  a g e  t o  

t he o b s e r ve d  d i f f e r e n c e s  i n  t h e  o n s e t a nd d u r a t i o n o f  

o e s t r u s , a nd 

3 )  t o  o b s e r ve t h e  r e l a t i o n s h i p  b e t we e n  t h e  i nc i d e n c e  o f  

h o g g e t o e s t r u s , wo o l  g r o w t h  a nd s u b s e q u e n t  r e p r od uc t i o n .  

7 . 2  M ATER I AL S  AND MET H O D S  

7 . 2 . 1  Expe r i me n t a l p l a n  

T h e  e xpe r i me n t  wa s c o nd u c t e d  o n  t h e  " P a h i a t ua b l o c k " f a r m  o f  

Ma s s e y  U n i ve r s i t y .  A t o t a l o f  1 4 8  e we h o g g e t s  b o r n  e i t he r 

1 9 8 4 ( 8 6 )  o r  1 9 8 5 ( 6 2 )  f r om t he f l e e c e we i g h t - s e l e c t e d  ( F W )  

a nd c o n t r o l  ( C ) s u b f l o c k s  we r e  u s e d  i n  t h e  s t ud y .  I n  1 9 8 5  

a nd 1 9 8 6  t h e r e  we r e  6 1 ( 3 0 , 3 1 ) C h o g g e t s  a nd 8 7 ( 5 6 , 3 1 ) F W  

h o gg e t s  p r e s e n t t h r o u g h o u t  t he b r e e d i n g s e a s o n  ( d e f i n e d  a s  

0 3  Ap r i l  t o  2 4  J u l y ) . I n  e a c h  ye a r , h o g g e t s  f r o m t h e  two 

s u b f l o c k s  we r e  g r a z e d  t o ge t h e r . F i g u r e  7 . 1  s h o ws a c a l e nd a r  

o f  e v e n t s  f o r t h e t w o  ye a r s  o f  d a t a  c o l l e c t i o n .  Ewe l a mb s 

b o r n  1 9 8 4  we r e  i n v o l ve d  i n  c o n c u r r e n t  wo o l  g r o wt h  ( C ha p t e r 

5 ) ,  a nd s t a p l e  s t r e n g t h  ( Ch a pt e r  8 )  s t ud i e s . 
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7 . 2 . 2  R e c o r d i ng o f  r e p r o d u c t i ve a c t i v i t y a nd gr o wt h  

Ewe h o g g e t s  we r e  r u n  w i t h  va s e c t o m i s e d  S o u t h  S u f f o l k  c r o s s 

r a m  l a mbs f r o m 0 3  A p r i l  u n t i l  2 4  J u l y  i n  b o t h  1 9 8 5  a nd 

1 9 8 6 . I n  o r d e r  t o  ma i n t a i n  a c o n s t a n t  r a m : e we r a t i o  i n  t h e  

t wo ye a r s , t h r e e  r a ms we r e  u s e d  i n  1 9 8 5  wh i l e o n l y  t wo we r e  

n e e d e d  i n  1 9 8 6 .  R a m  l a mb s  we r e  we l l  g r o wn by t h e  s t a r t  o f  

t h e  b r e e d i ng s e a s o n . R a m  ma r k e r  c r a y o n s  a n d  c o l o u r  we r e  

c h a n g e d  e ve r y  f o r t n i g h t  a nd c h e c k e d  d u r i ng t h e  i n t e r ve n i ng 

we e k  t o  e n s u r e  e f f e c t i ve n e s s . O bs e r va t i o n a nd r e c o r d i n g o f  

ma r k e d e we h o g g e t s  wa s d o n e  a t  t h e  e nd o f  e a c h  1 4 - d a y  

ma t i n g pe r i o d . 

E we h o g g e t s  we r e  we i g h e d  mo n t h l y  a f t e r  a n  o ve r n i g h t  ( 1 6 

h o u r ) f a s t i nd o o r s . D u r i n g t h e f a s t i n g pe r i o d , r a ms we r e  

k e p t  s e pa r a t e  f r o m t h e  e we s  t o  a v o i d  m i s ma r k i n g s  i n  t h e  

c r o wd e d  s he d  c o nd i t i o n s . 

S e v e n  ma t i ng p e r i od s , w i t h  f o u r  c r a y o n  c o l o u r s  a va i l a b l e , 

me a n t  t ha t  ve r y  h e a vy ma r k s  h a d  t o  be s c r u b b e d  o u t  w i t h  

s oa py wa t e r , a n d  l i g h t  ma r k s  r e mo v e d  by ha nd c l i p p i n g ,  

b e f o r e  s u b s e q u e n t  c o l o u r  r o u n d s  we r e  b e g u n . C o l o u r  

r o t a t i o n s , d i f f e r e n t  i n  t h e t wo y e a r s , a r e  a l s o  s h o wn i n  

F i g u r e  7 . 1 .  I n  1 9 8 5 ,  e we l a mb s  s h o we d  n o  s i g n s  o f  o e s t r u s 

i n  t h e  f i r s t  ma t i ng p e r i od s o  r a m  c r a y o n s  we r e  f r e s he nd u p  

a nd u s e d  a g a i n  i n  t h e  n e x t  p e r i od .  N o  e we l a mb s  a p p e a r e d  t o  

b e  c yc l i ng a f t e r  2 6  J u n e , 1 9 8 5 .  F r o m  2 6  J u n e , 1 9 8 5  u n t i l  2 4  

J u l y ,  1 9 8 5  t h e  r a ms r e ma i n e d  f i t t e d  w i t h s o f t  p u r p l e  

c r ay o n s  b u t  n o  ma r k s  we r e  f o u n d . Y e l l ow c r a yo n s  we r e  n o t  

u s e d  i n  1 9 8 6  b e c a u s e  o f  d i f f i c u l t y i n  d e t e c t i n g l i g h t  ye l l o w  

ma r k s . 



A n u mb e r o f  a d d i t i o n a l va r i a b l e s we r e  f o r me d  f r o m t h e  

t u p p i n g a n d  l i v e we i g h t  d a t a  i n c l ud i n g :  

O e s t r u s d i s p l a y  va r i a b l e s : 

- a g e  a t  f i r s t  t u p  ( d a y s ) 

- we i g h t  a t  f i r s t  t u p  ( k g )  

- l e n g t h  o f  t he b r e e d i n g s e a s o n  ( n u mb e r  o f  ma t i n g 

pe r i od s , 1 - 7 ) 

- n umbe r o f  ma t i ng ma r k s  ( 1 - 7 ) 

- p e r i o d o f  f i r s t  ma r k i ng ( 1 - 7 ) 

- p e r i od o f  l a s t  ma r k i n g  ( 1 - 7 ) 

- o e s t r o u s d i s p l a ye d  a t  a ny t i me ( O = n o , l = ye s ) 

L i ve we i g h t  ga i n s ( k g ) : 

p o s t - we a n i n g g a i n  ( 0 4 Ap r we i g h t  - we a n i ng we i g h t ) 

- a u t umn g a i n  ( 2 4 J u l y we i g h t  - 0 4  Apr i l  we i g h t ) 

- Apr i l  g a i n  

- Ma y g a i n  

- J u n e  ga i n  

J u l y  ga i n  

- ga i n  t o  s h e a r i ng ( P o s t  s h e a r i ng we i g h t  - 2 4  J u l y  

we i g h t ) 
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L i ve we i g h t s  we r e  n o t  c o r r e c t e d  f o r d i f f e r e n c e s  i n  t he we i g h t  

o f  f l e e c e  c a r r i e d a s  mo n t h l y  wo o l  g r o wt h  ( n e e d e d  t o  o b t a i n  

f l e e c e - f r e e  b o d y  we i g h t s ) wa s o n l y a va i l a b l e  f o r 1 9 8 4 - b o r n  

h o g g e t s . A l l l i ve we i g h t s , w i t h  t h e  e x c e p t i o n o f  p o s t ­

s he a r i ng l i ve we i g h t  ( 1 4 mo n t hs o f  a g e ) ,  o v e r e s t i ma t e  t r u e 

f l e e c e - f r e e  l i v e we i g h t s  a nd a l l  l i ve we i g h t  ga i n s a r e , 

c o r r e s p o nd i ng l y ,  b i a s e d . 
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7 . 2 . 3  S ta t i s t i c a l  me t h od s  

7 . 2 . 3 . 1  C o n t i n u o u s  c h a r a c t e r s  

U n i va r i a t e a na l ys e s  o f  va r i a n c e  we r e  pe r f o r me d  o n  a l l  

r e c o r d s  o f  h o g g e t  f l e e c e  we i g h t , J u n e  c l e a n  wo o l  g r o wt h ,  

we a n i ng we i g h t ,  mo n t h l y  we i g h t s  d u r i n g t h e  b r e e d i n g s e a s o n ,  

p o s t - s he a r i ng l i v e we i g h t , l i ve we i g h t  ga i n s o v e r t h e  p o s t ­

we a n i n g ,  b r e e d i n g a nd p o s t - b r e e d i n g s e a s o ns a nd mo n t h l y 

l i v e we i gh t  ga i n  o v e r t h e  b r e e d i ng s e a s o n . T h e  p r e l i m i n a r y  

a na l ys e s  i n c l ud e d  a l l  ma i n  e f f e c t s  a nd f i r s t  o r d e r  

i n t e r a c t i o n s . S e c o nd o r  h i g h e r  o r d e r  i n t e r a c t i o n s  we r e  

a s s ume d ne g l i g i b l e . S u b s e q u e n t  t o  t h e s e  p r e l i m i na r y  

a na l ys e s , i n t e r a c t i o n s  wh i c h  we r e  c o n s i s t e nt l y  n o n ­

s i g n i f i ca n t  we r e  o m i t t e d  f r om t h e  mod e l  t o  g i ve : 

M o d e l 7 . 1  y � � k 1 mn = M + a �  + b X � � k 1 mn + r �  + d k  + l 1  + pm 

+ a l � 1  + r l � � + l p 1 m  + e � � k 1 mn 

w h e r e ,  y � � k 1 mn = a n  o bs e r va t i o n on t h e  n t h  i nd i v i d ua l  o f  

mt " p u b e r t y s t a t u s , j t " b i r t h  r a n k , k t h 

d a m  a g e , l t h s e l e c t i o n l i n e a n d  b o r n  i n  

t h e  i t n ye a r ,  

wh e r e , 

M = t h e  u n o b s e r v e d  p o p u l a t i o n me a n ,  

a �  = t h e  f i xe d  e f f e c t  o f  t h e  i t n ye a r ,  

b = t h e  r e g r e s s i o n o f  y � � k 1 mn o n  x � � k 1 mn ,  

x � � k 1 mn = a n  o bs e r ve d  i nd i v i d ua l b i r t h  d a t e , 

r �  = t h e f i x e d  e f f e c t  o f  t h e j t h b i r t h r a n k , 

d k  = t h e f i x e d  e f f e c t  o f  t h e  k t h a g e  o f  d a m  

l 1  = t h e f i x e d  e f f e c t  o f  t h e l t h  s e l e c t i o n 

l i n e , 

P= = t h e f i x e d  e f f e c t  o f  t h e  mt h p u b e r t y 

s t a t us , 

a l � 1  = t h e  f i x e d  e f f e c t  o f  t h e  i n t e r a c t i o n 

b e t we e n  ye a r  a nd s e l e c t i o n l i ne ,  
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r l ::l �  = t h e  f i x e d  e f f e c t  o f  t h e  i n t e r a c t i o n 

be t we e n  b i r t h  r a n k  a nd s e l e c t i o n l i n e , 

l p � rn = t h e  f i x e d  e f f e c t  o f  t h e  i n t e r a c t i o n 

b e t we e n  s e l e c t i o n l i n e  a nd p u be r t y 

s t a t us , a nd 

e i. :::l k l. rnn = t h e  r a n d o m  r e s i d ua l  a s s o c i a t e d  w i t h  a n  

o b s e r va t i o n o n  t h e  i j k l mn t h i nd i v i d ua l . 

U n i va r i a t e  a na l ys e s  we r e  a l s o  p e r f o r me d  o n l y  o n  r e c o r d s  o f  

s he e p  wh i c h  h a d  d i s p l a ye d  o e s t r u s a s  a h o gge t t o  e s t i ma t e  

t h e  e f f e c t  o f  s e l e c t i o n l i n e a nd o t h e r  f a c t o r s  o n  a ge a f  

f i r s t  o e s t r us , we i g h t  a t  f i r s t  o e s t r u s , t h e numbe r o f  

h o g g e t  o e s t r u s e s , t h e  l e n g t h  o f  t h e  b r e e d i n g s e a s o n  a nd t h e  

p e r i o d o f  f i r s t  a nd l a s t  ma r k i ng .  T h e  mod e l u s e d  wa s 

s i m i l a r  t o  M od e l 7 . 1  w i t h  t h e  e xc l u s i o n o f  P= a nd i t s 

i n t e r a c t i o n s . 

M u l t i va r i a t e  a n a l ys e s ,  n o t a b l y  r e pe a t - me a s u r e s  a n a l ys i s ,  

we r e  c o n d u c t e d  o n  mo n t h l y  l i v e we i g h t s  a nd l i ve we i g h t  ga i ns 

d u r i ng t he b r e e d i n g s e a s o n ,  a s  we l l  a s  o n  p o s t - we a n i n g ,  

b r e e d i n g a nd p o s t - b r e e d i ng s e a s o na l  l i v e we i g h t  g a i ns . As 

o u t l i n e d  i n  C ha p t e r  3 ,  r e p e a t e d  me a s u r e s  a na l ys e s  we r e  u s e d  

t o  o b t a i n  m o r e  p o we r f u l  t e s t s o f  me a n  d i f f e r e n c e s  b e t we e n  

l e v e l s  o f  t h e  ma i n  e f f e c t s  i n  t h e  m od e l  a nd t o  o b t a i n  d i r e c t  

e s t i ma t e s  o f  t i me e f f e c t s . T h e  u nd e r l y i n g l i n e a r  mod e l 

i nc l ud e d  ma i n  e f f e c t s , t i me e f f e c t s  a nd i n t e r a c t i o n s  a s  

o u t l i n e d  i n  M o d e l 7 . 1  w i t h  t h e  i n c l u s i o n o f  p - d i me n s i o na l  

t i me e f f e c t s  a nd t h e  i nt e r a c t i o n s  b e t we e n  t i me a n d  d e s i g n  

f a c t o r s . R e pe a t e d  me a s u r e s  a na l ys e s  h a ve bee n d e s c r i be d  i n  

C ha p t e r  3 .  N u l l  h yp o t h e s e s  we r e  t e s t e d  u s i n g t h e  C h i -

s q ua r e d  s t a t i s t i c a s  d e s c r i be d  b y  M o r r i s o n ( 1 9 7 6 ) . 

O n  a w i t h i n - t i me b a s i s  t h e s e  r e s i d ua l s  we r e  a s s ume d t o  b e  

i nd i v i d ua l l y a nd i nd e p e nd e n t l y  d i s t r i b u t e d , t h e r e  b e i ng 

c o va r i a n c e s  a mo n g s t  i nd i v i d u a l r e s i d ua l s  a c r o s s  t i me s d u e  

t o  t h e  r e p e a t e d  na t u r e  o f  t h e s a mp l i n g .  



7 . 2 . 3 . 2  D i s c r e t e  c ha r a c t e r s  

O c c u r r e n c e  v e r s u s  n o n - o c c u r r e nc e  o f  h o g g e t o e s t r u s wa s 

a na l yz e d  a s  a b i na r y va r i a b l e  b y  t he me t h o d o f  i t e r a t i ve 

r e -we i gh t e d  l e a s t  s q ua r e s  i n  a n  a na l ys i s  o f  d e v i a nc e  
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( G i l mo u r, 1 9 8 5 ) . T h e  d e p e n d e n t  va r i a b l e s  we r e  t r a n s f o r me d , 

p r i o r t o  a na l ys i s ,  u s i ng t h e  l o g i t  t r a n s f o r ma t i o n . Th e  

d e v i a n c e s  we r e  t e s t e d  a s  C h i - s q ua r e  va r i a b l e s . 

Wh e n  c ova r i a t e s  a r e  i n c l ud e d  i n  l o g i t  mod e l s ,  t h e  r e g r e s s i o n 

c o e f f i c i e n t s  c a n n o t  b e  s i mp l y  i n t e r p r e t e d  a s  i n  a l i n e a r  

r e gr e s s i o n mod e l .  As t h e s e  r e g r e s s i o n c o e f f i c i e n t s  we r e  n o t  

o f  p r i ma r y  i n t e r e s t  i n  t h i s  s t ud y ,  t h e y  w i l l  n o t  b e  

d i s c u s s e d  f u r t h e � e x c e p t  t o  me n t i o n t h e i r  s t a t i s t i c a l  

s i g n i f i ca nc e . 

T h e  mod e l  u s e d  t o  d e s c r i be t h e  o c c urr�n c e  v e r s u s  n o n ­

o c c ur�n c e  o f  h o g g e t o e s t r u s wa s a s  f o l l o ws : 

M o d e l 7 . 2 :  

whe r e , 

Y i :n• � = a n  o b s e r va t i o n o n  t h e  i nc i d e n c e  o f  o e s t r u s i n  t h e 

l t h e we h o g g e t b o r n  i n  ye a r  i ,  o f  b i r t h  r a n k j I 

i n  s e l e c t i o n l i n e k ,  

}l = a n  u n o b s e r ve d  p o p u l a t i o n me a n ,  

a :�.  = t h e  f i x e d  e f f e c t o f  t h e  i t h y e a r  

b �  = t h e  r e gr e s s i o n o f  Y :1. :j k �  o n  X l :1. :j k: �  wh e r e , 

X l :1. ::l k �  = t h e  o b s e r ve d  b i r t h  d a t e  o f  t h e  i j k l t h i nd i v i d ua l ,  

a nd 

b :z  = t h e  r e g r e s s i o n o f  Y :!. :j k �  o n  X 2 :�. ::l �c �  wh e r e ,  

X 2 :�. ::! k �  = t h e  o bs e r ve d  3 0  Ma y l i ve we i gh t  o f  t h e  i j k l t h 

i nd i v i d u a l ,  

r ::l  = t h e  f i xe d  e f f e c t  o f  t h e  j t h b i r t h  r a n k , 

l k = t h e  f i x e d  e f f e c t  o f  t h e  l t h s e l e c t i o n  l i n e , a nd 



e � � k 1 = t h e  r a n d o m  r e s i d ua l  a s s o c i a t e d  w i t h  t h e  i j k l t n 

i nd i v i d ua l  
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T wo - t o o t h  l a mb i n g r e c o r d s  we r e  a n a l ys e d  a s  a b i n o m i a l  

v a r i a b l e ,  a nd t h e  e f f e c t  o f  p r e v i o u s  o e s t r u s s t a t u s  o n  t w o ­

t o o t h  f e r t i l i t y/ f e c un d i t y wa s d e t e r m i n e d  by : 

M o d e  l 7 . 3 y � � x = ).l + b X � � x + l � + p � + 1 p �.; + e i =' x 

w h e r e ,  

Y 1. ::� x  = a n  o bs e r ve d  l a mb i ng r e c o r d  o f  t h e  k t h e we o f  

mt n p u b e r t y s ta t u s f r o m t h e  l t h l i n e , b o r n  

1 9 8 4 ,  

).l = a n  u n o b s e r ve d  p o pu l a t i o n me a n , 

b = t h e  r e g r e s s i o n o f  Y � ::� x 1  o n  x 1. ::� x , whe r e , 

X 1. ::� x  = a n  i nd i v i d ua l  a u t u mn p r e - ma t i ng l i ve we i g h t , 

1 � = t h e  f i xe d  e f f e c t  o f  t h e  i t n s e l e c t i o n l i n e ,  

i n  

P ::�  = t h e  f i x e d  e f f e c t  o f  t h e  j t h p u be r t y  s t a t us , 

l p 1. � = t h e  i n t e r a c t i o n o f  s e l e c t i o n l i ne a nd p u b e r t y  

s t a t u s , a n d  

e 1. ::� x = t h e  r a n d o m  r e s i d ua l  a s s o c i a t e d  w i t h  t h e i j k t n 

o b s e r va t i o n . 

7 . 3  R E S U L T S  

7 . 3 . 1  L i ve we i gh t 

M e a n  l i ve we i g h t s  o f  h o g g e t s  a t  we a n i n g a n d  h o g g e t  s h e a r i n g 

a nd d u r i ng t he i n t e r ve n i n g b r e e d i n g s e a s o n  a r e  p r e s e n t e d  i n  

T a b l e  7 . l a wh i l e  t h e  r e pe a t e d  me a s u r e s  a na l ys i s  i s  i n  Ta b l e  

7 . l b .  

E x a m i na t i o n o f  t h e  r e pe a t e d  me a s u r e s  a n a l ys e s  o f  b r e e d i n g 

s e a s o n  l i ve we i g h t s  s h o we d  h i g h l y s i gn i f i ca n t  mo n t h , ye a r  

a nd mo n t h  by ye a r  e f f e c t s . D a m  a g e , d a t e  o f  b i r t h  a nd 

s e l e c t i o n l i ne a l s o  s i g n i f i ca n t l y  a f f e c t e d  h o g g e t 

l i v e we i g h t s . S i g n i f i c a n t  mo n t h  b y  s e l e c t i o n l i n e  

i n t e r a c t i o ns a r o s e  f r o m i n c r e a s e d  s e l e c t i o n l i n e  
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s e g r e ga t i o n a s  t h e  b r e e d i n g s e a s o n  p r o g r e s s e d . L i ne 

d i f f e r e n c e s  b e c a me s i g n i f i ca n t  by 2 9  Ma y ,  a nd F W  h o g g e t s  

r e ma i n e d  h e a v i e r  t ha n  C h o g g e t u n t i l  h o g g e t s h e a r i ng .  T h e  

o v e r a l l  e f f e c t  o f  b i r t h  r a n k  wa s n o t  s i g n i f i c a n t . A 

s i g n i f i ca n t  b i r t h r a n k  by s e l e c t i o n l i ne i n t e r a c t i o n 

r e s u l t e d  f r o m t w i n - b o r n  h o g g e t s  o f  b o t h  l i n e s  b e i n g s i m i l a r  

i n  we i g h t , wh e r e a s , s i ng l e - b o r n  FW h o gg e t s  we r e  h e a v i e r  

t ha n  s i ng l e - b o r n  C h o g g e t s . T h i s  i n t e r a c t i o n wa s 

i nd e p e n da n t  o f  mo n t h s . Cyc l i c e we h o g g e t s  we r e  h e a v i e r  t h a n  

a c yc l i c  h o gg e t s  t h r o ug h o u t  t h e  e n t i r e b r e e d i n g s e a s o n . 

R e ma i n i ng f i r s t  o r d e r  i n t e r a c t i o n s  we r e  n o n - s i g n i f i ca n t . 

We a n i n g we i g h t  a n d  p o s t - s h e a r i n g l i v e we i g h t  we r e  a na l ys e d  b y  

s e pa r a t e  a n a l ys e s  o f  va r i a n c e . S i ng l e - b o r n  l a mbs we r e  3 k g  

h e av i e r  a t  we a n i ng t h a n  t w i n - b o r n  l a mb s . F i ve - y e a r  o l d  e we s  

we a n e d  l a mbs wh i c h  we r e  2 - 3  k g  h e a v i e r  t h a n  t h o s e  b o r n  t o  

2 - ,  3 - o r  4 - ye a r  o l d e we s . H o g g e t s  wh i c h  cyc l e d we r e  1 k g  

h e a v i e r ,  a t  we a n i n g a nd t h r o u g h o u t  t h e  a u t u mn , t h a n  a c yc l i c  

h o gg e t s . By t h e  t i me o f  h o g g e t  s he a r i n g n o  l i v e we i gh t  

d i f f e r e nc e s  we r e  f o u nd b e t we e n  c yc l i c  a nd a c yc l i c e we s . 

S i g n i f i c a n t  i n t e r a c t i o n s  e x i s t e d  b e t we e n  h o gge t o e s t r u s 

d i s p l a y  s ta t u s  a n d  a nd s e l e c t i o n l i n e . Ac yc l i c  a n d  c yc l i c  

C e we h o g g e t s  d i d n o t  s i g n i f i ca n t l y  d i f f e r  i n  l i ve we i g h t  a t  

a n y  t i me o f  t h e  ye a r , b u t  a c yc l i c FW h o g g e t s  we r e  2 k g  

l i g h t e r  t h a n  c yc l i c  F W  e we s  f r o m we a n i n g t h r o ug h  t o  J u n e . 

A f t e r  t h i s  t i me , t h e d i f f e r e n c e  i n  l i ve we i g h t  wa s r e d u c e d  t o  

1 k g . 

7 . 3 . 2  L i v e we i gh t  ga i n  

M o n t h l y  l i ve we i g h t  ga i n s d u r i n g t h e b r e e d i n g s e a s o n  we r e  

a na l yz e d  s e pa r a t e l y  a nd by r e p e a t e d  me a s u r e s  a na l ys i s . 

P o s t - we a n i n g ga i n s ,  ga i n s o v e r t h e  b r e e d i n g s e a s o n a n d  ga i n s 

f r o m J u l y  t o  h o g g e t s h e a r i n g we r e  s t ud i e d i n  a s i m i l a r  

ma n n e r .  Me a n  l i v e we i g h t  ga i n s a r e  p r e s e n t e d i n  Ta b l e  7 . 2 a 

a nd t h e r e p e a t e d  me a s u r e s  a na l ys e s  a r e  p r e s e n t e d  i n  7 . 2 b 
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a nd 7 . 2 c .  

7 . 3 . 2 . 1 M o n t h l y  we i g h t  ga i n  i n  t h e  b r e e d i n g s e a s o n . 

D i f f e r e nc e s  i n  l i ve we i g h t  g a i n  o ve r  t h e f o u r mo n t h s  i n  t h e  

b r e e d i n g s e a s o n  we r e  h i g h l y  s i g n i f i ca n t  a s  we r e  ye a r  a nd 

mo n t h  by y e a r - e f f e c t . S e l e c t i o n l i ne d i f f e r e n c e s  we r e  a l s o  

s i gn i f i ca n t  w i t h  F W  h o g g e t s  g a i n i n g 3 0 0 - 9 0 0  gms mo r e  t h a n  C 

s he e p  o ve r  f o u r - we e k  p e r i o d s . A l t h o ug h  t h e r e  wa s n o  

d i f f e r e n c e  i n  l i v e we i g h t  ga i n  b e t we e n  c yc l i c  a nd n o n - c yc l i c  

h o g g e t s , t he r e  wa s a s ug g e s t i o n o f  a l i n e by c yc l i c s t a t u s  

i n t e r a c t i o n ( p < . 1 0 ) s u c h  t h a t  n o n - c yc l i c  F W  s h e e p  we r e  

g a i n i n g m o r e  t ha n  n o n - c yc l i c C h o g ge t s . N o  d i f f e r e n c e s  i n  

l i v e we i g h t  g a i n  e x i s t e d  b e t we e n  F W  a n d  C c yc l i c  h o g g e t s . 

S e l e c t i o n l i ne by ye a r  i n t e r a c t i o n s  we r e  s i g n i f i ca n t  ( p < . 0 5 )  

s u c h  t h a t  i n  1 9 8 5 ,  s e l e c t i o n l i n e d i f f e r e n c e s  i n  l i v e we i g h t  

g a i n  we r e  muc h  l a r g e r  t ha n  i n  1 9 8 6 . I n  b o t h  y e a r s ,  l i n e  

d i f f e r e n c e s  i n  l i ve we i g h t  g a i n  we r e  mo s t  p r o n o u n c e d  i n  M a y  

a nd J u n e . 

7 . 3 . 2 . 2  Ga i n s p o s t -we a n i ng ,  o v e r  t h e  b r e e d i n g s e a s o n a nd 

p o s t - b r e e d i n g s e a s o n  

D i f f e r e n c e s  i n  l i ve we i g h t  g a i n  b y  s e a s o n  we r e  h i gh l y 

s i g n i f i ca n t  ( p < . O O l )  r e f l e c t i n g d i f f e r e n t  a r e a s  o f  t h e  

g r o w t h  c u r ve . Ga i n s i n  a l l  p e r i od s  we r e  a f f e c t e d  b y  ye a r  

( p < . O O l )  a nd s i g n i f i ca n t  s e a s o n  b y  ye a r  i n t e r a c t i o n s  we r e  

p r e s e n t . T w i n - b o r n  l ambs g a i n e d  m o r e  t ha n  s i n g l e  b o r n  l a m b s  

( p < . 0 5 )  e s pe c i a l l y i n  t h e  p o s t - we a n i n g p e r i od . L a m b s  b o r n  

l a t e r  i n  t h e  ye a r  had g r e a t e r  g r o wt h  r a t e s  t h a n  e a r l y - b o r n  

l a mbs ( p < . O O l ) . The e f f e c t  o f  d a t e  o f  b i r t h  o n  l i ve we i g h t  

ga i n  va r i e d  w i t h  t h e  s e a s o n , t h e  e f f e c t  d e c r e a s i n g a s  l a mbs 

b e c a me o l d e r . Cyc l i c a nd n o n - c yc l i c e we s  d i d n o t  d i f f e r  i n  

l i ve we i g h t  ga i n  wh e n  we a n i n g t o  h o g g e t s h e a r i n g wa s t h e  

i n t e r va l  
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7 . 3 . 3  P u be r t y 

Ta b l e  7 . 3 a s h o ws t h e  p e r c e n t a g e  o f  e we h o g ge t s  i n  o e s t r u s , 

c l a s s i f i e d by s e l e c t i o n l i n e  a nd ye a r . T h e  a na l ys i s o f  

d e v i a n c e  ( Ta b l e  7 . 3 b )  p r o v e d  t o  b e  q u i t e v o l a t i l e w i t h  

r e s pe c t  t o  o r d e r  o f  f i t  a nd t h e  d i s t r i b u t i o n o f  i n p u t  d a t a  

f o r v a r i o u s  t r a i t s . Da t e  o f  b i r t h  a nd s e l e c t i o n l i n e  

s i g n i f i ca n t l y  a f f e c t e d  t h e  a t ta i n me n t o f  p u b e r t y i n  t h e s e  

d a t a . 

7 . 3 . 3 . 1 O n s e t  o f  o e s t r u s 

T h e  t i me o f  o n s e t  o f  t h e  b r e e d i ng s e a s o n ,  a s s e s s e d  a s  t h e  

1 4 - d a y  p e r i od i n  wh i c h t h e  f i r s t  t u p p i n g ma r k s  we r e  

o bs e r ve d , wa s s i g n i f i ca n t l y  a f f e c t e d  by ye a r . I n  1 9 8 5 ,  t h e  

me a n  p e r i od o f  f i r s t  o e s t r u s wa s 4 . 0 1 ± . 2 7 wh i l e i n  1 9 8 6  i t  

wa s pe r i od 2 . 3 7 ± . 1 9 .  T h e s e  c o r r e s p o n d e d  t o  t h e  l a s t t wo 

we e k s  o f  M a y  ( 1 9 8 5 ) a nd t h e  l a s t  t wo we e k s  o f  Apr i l  ( 1 9 8 6 ) .  

T i me o f  o n s e t  o f  t h e  b r e e d i n g s e a s o n  wa s u na f f e c t e d  b y  d a t e  

o f  b i r t h ,  d a m  a g e , b i r t h  r a n k , o r  s e l e c t i o n l i n e  a nd t he r e  

we r e  n o  s i g n i f i ca n t i n t e r a c t i o n s . T h e  m od e l e x p l a i ne d  4 2 . 5 % 

o f  t h e  va r i a t i o n i n  d a t e  o f  f i r s t  o e s t r u s . 

O n s e t  o f  t h e  b r e e d i n g s e a s o n  wa s a l s o  e s t i ma t e d  b y  t h e  a g e  

a t  f i r s t  o e s t r u s . As t u p p i ng ma r k s  we r e  r e a d  q u i t e 

i n f r e q ue n t l y  ( f o r t n i g h t l y ) , t h e  s ma l l e s t  e f f e c t i ve 

d i f f e r e n c e  t ha t  c a n  b e  i n t e r pr e t e d  i s  a l s o  1 4  d a ys . H o gg e t s  

b o r n  i n  1 9 8 4  r e a c he d  p u be r t y 2 3  d a ys l a t e r  t ha n  1 9 8 5 - b o r n  

h o g g e t s  ( 2 6 7 ± 4  v e r s u s  2 4 4 ± 3  d a ys ) . F o r  e v e r y  d a y  l a t e r  i n  

t h e  ye a r  t h a t  l a mbs we r e  b o r n ,  t h e  a g e  a t  f i r s t  o e s t r u s wa s 

r e d u c e d  by . 8 8 ± . 2 3 d a ys . T h e  mod e l e x p l a i n e d  3 3 . 9 % o f  t he 

va r i a t i o n i n  a g e  a t  f i r s t  o e s t r us . 

T h e  we i g h t  o f  h o g g e t s  a t  t h e i r  f i r s t  o e s t r u s wa s 

s i g n i f i c a n t l y  a f f e c t e d  by d a t e  o f  b i r t h  a nd s e l e c t i o n l i n e .  

L i v e we i g h t  a t  f i r s t  o e s t r u s d e c r e a s e d  by 2 0 7 ± 4 4 g f o r e a c h  

d a y  l a t e r  i n  t h e  ye a r  t h a t  h o gg e t s  we r e  b o r n . F W  h o g g e t s  
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we r e  1 . 7  k g  h e a v i e r  t h a n  C h o g g e t s  a t  t h e i r  f i r s t  o e s t r u s . 

T h e  mod e l e x p l a i n e d  3 1 . 9 % o f  t h e  va r i a t i o n i n  we i g h t  a t  

f i r s t o e s t r u s . 

7 . 3 . 3 . 2  D u r a t i o n o f  o e s t r u s 

T h e  n u mb e r o f  o b s e r ve d  o e s t r us e s  ( N TUP ) a nd t h e  n u mb e r o f  

p e r i o d s  o v e r wh i c h o e s t r u s wa s d i s p l a ye d ( L TUP ) we r e  b o t h 

u s e d  t o  d e s c r i be t h e  l e n g t h  o f  t h e  b r e e d i n g s e a s o n . T h e  

mod e l e xp l a i ne d  2 3 % o f  t h e  va r i a t i o n i n  e a c h  o f  t h e s e  

t r a i t s . B o t h  N TUP a nd L T UP we r e  h i g h l y  a f f e c t e d  b y  y e a r ,  

t h e  me a n s b e i n g ( 1 . 5 6 ± . 2 8 ;  1 . 6 3 ± . 3 5 )  a nd ( 2 . 4 1 ± . 1 9 

2 . 8 8 ± . 2 4 )  i n  1 9 8 5  a nd 1 9 8 6 ,  r e s pe c t i ve l y .  S e l e c t i o n  l i n e 

e f f e c t s  ( C : FW )  f o r N T UP ( 1 . 8 3 ± . 2 8 : 2 . 1 6 ± . 1 7 )  a nd L TUP 

( 2 . 0 4 ± . 3 5 : 2 . 4 8 ± . 2 1 )  a p p r o a c he d  s i g n i f i ca n c e  ( p < . l O ) . N o  

s e l e c t i o n l i n e  b y  ye a r  i n t e r a c t i o n s  we r e  s i gn i f i ca n t . Wh e n  

y e a r s  we r e  a n a l ys e d  s e pa r a t e l y  s e l e c t i o n  l i n e e f f e c t s we r e  

n o n - s i g n i f i ca nt i n  1 9 8 5  w h i l e t h e  a s s o c i a t e d  s e l e c t i o n l i n e  

p r o ba b i l i t i e s  f o r  N TUP a n d L TUP i n  1 9 8 6  we re 5 . 1 % a n d  6 . 8 % .  

7 . 3 . 4  R e l a t i o n s h i p o f  h ogge t o e s t r u s t o  wo o l  gr owt h 

M e a n  g r e a s y  h o g g e t f l e e c e  we i g h t s  f o r  e a c h  ye a r ,  s e l e c t i o n 

l i ne a nd o e s t r u s s t a t u s a r e  g i v e n i n  Ta b l e  7 . 4 .  H o g g e t 

g r e a s y  f l e e c e  we i g h t  wa s u n a f f e c t e d  b y  whe t h e r  o r  n o t  t h e  

e we h a d  p r e v i o u s l y  d i s p l a y e d  o e s t r u s . N o  i n t e r a c t i o n s  

e x i s t e d  b e t we e n  s e l e c t i o n  l i n e a nd o e s t r u s s t a t u s . 

W i n t e r  c l e a n  wo o l  g r o wt h ,  d e f i n e d  a s  c l e a n  wo o l  g r o w t h  

d u r i n g J u n e , wa s u n a f f e c t e d  b y  h o g g e t o e s t rus s ta t u s a n d  n o  

i n t e r a c t i o n s  e x i s t e d a mo n g s t o t h e r  f a c t o r s . 

7 . 3 . 5  R e l a t i o n s h i p o f  h ogge t o e s t r u s t o  t wo - t o o t h  l a mb i ng 

pe r f o r ma n c e  

T h e  p r e s e n c e  o r  a b s e n c e  o f  h o g g e t  o e s t r u s p r o d u c e d  

ma r g i na l l y ( . 0 5 < p < . l 0 )  s i g n i f i c a n t  e f f e c t s o n  t wo - t o o t h  
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l a mb i n g p e r f o r ma n c e . O f  t h e  t wo - t o o t h e we s  p r e s e n t a t  

l a mb i n g ,  s l i g h t l y  l e s s  t ha n  ha l f  o f  t h e m  had a l r e a d y  b e e n  

c yc l i c a s  h o g g e t s . O f  t h e p r e v i o u s l y  c yc l i c FW e we s , a l l  

l a mb e d . E i g h t y  p e r c e n t o f  p r e v i o u s l y  c yc l i c  C h o g g e t s  a nd 

6 5 - 6 9 %  o f  t h e  p r e v i o u s l y  n o n - c yc l i c  e we s  l a mb e d  ( Ta b l e  7 . 5 ) . 

I n  t h e C e we s , p r e v i o u s l y  a c yc l i c  e we h o gg e t s  l e f t mo r e  

p r o g e n y  t h a n  p r e v i o u s l y  c yc l i c h o gg e t s ; wh e r e a s , t he 

c o n ve r s e  wa s t r ue o f  F W  h o g g e t s .  

O f  t h e  e we s  l a mb i n g ( 4 0 / 5 2 ) 6 FW e we s  a nd l C e we g a v e  b i r t h  

t o  t w i n s . L i n e d i f f e r e n c e s  i n  p r o l i f i c a c y  a p p r o a c h e d  

s i g n i f i ca nc e  ( . 0 5 < p < . 1 0 ) . H i g h  l a mb mo r ta l i t y i n  t h e  1 9 8 6  

s e a s o n  r e s u l t e d  i n  2 6 %  l o s s e s  ( 1 5 l a mb s ) f r o m b i r t h  t o  

we a n i n g .  
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F i g u r e 7 . 1  Ca l e nd a r  o f  e ve n t s  f o r  e we h o g g e t s  

2 3  AUG 8 4 - l a mb s  b o r n  1 2  AUG 8 5 -
0 8  OCT 8 4  I 2 6  S EP 8 5  

I 
2 6  N O V  8 4  l a mb s  we a n e d  2 2  NOV 8 5  

I 
1 2  DEC 8 4  l a mb s  s h o r n  2 0  DEC 8 5  

I 
we i g h  h o g g e t s  

0 4  APR 8 5  c r a yo n s  o n  r a ms 0 3  APR 8 6  
& j o i n w i t h  r ams 

ye l l o w  I g r e e n  
1 7  AP R 8 5  r e ad ma r k s  & 1 7  AP R 8 6  

c ha ng e  c r a y o n s  
ye l l o w  I b l ue 

0 1  MAY 8 5  we i g h h o g g e t s  0 1  MAY 8 6  
& r e a d ma r k s  
& c ha ng e  c r a y o n s  

g r e e n  I r e d  
1 5  MAY 8 5  r e a d  ma r k s  & 1 5  MAY 8 6  

c ha ng e  c r a y o n s  
b l ue I g r e e n  

2 9  MAY 8 5  we i g h  h o g g e t s  2 9  MAY 8 6  
& r e a d  ma r k s  
& c ha ng e  c r a yo n s 

r e d  I b l ue 
1 2  JUN 8 5  r e a d  ma r k s  & 1 2  J UN 8 6  

c ha n g e  c r a y o n s  
g r e e n  I r e d  

2 6  JUN 8 5  we i g h h o gg e t s  2 6  J U N  8 6  
& r e ad ma r k s  
& c h a n g e  c r a yo n s  

p u r p l e  I g r e e n  
1 0  JUL 8 5  r e a d  ma r k s  & 1 0  JUL 8 6  

c ha n g e  c r a yo n s 
p u r p l e  I p u r p l e  

2 4  J UL 8 5  we i g h h o gg e t s  2 4  J U L  8 6  
& r e a d  ma r k s  
& r e mo v e  c r a yo n s 

I 
1 7  OCT 8 5  s he a r  h o gg e t s  2 7  S EP 8 6  

& we i g h h o g g e t s  
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Tab l e  7 .  1 The l i vewe i gh t  of ewe hogget s ( k g )  

7 . 1 a  Year , b i r t h  r an k ,  da111 a g e ,  sel ec t i on l i n e  and oest r us  s t a t u s  l east  squares  111eans .  

Cl assi f i c at i on n Wean i ng 04APR 0 1 MAY  29MAY 26JUN 24JUL PSW 1 
================= =================================== = ============================ 

Over al l 1 4 8  2 0 . 7 ! . 3  28 . 2 ± . 3  2 9 .  7 ± .  3 3 0 . 3 ± . 3  3 0 . 4 ± . 4  3 1 . 0 ± . 3  33. 7 ± . 3  

Year 1 985 86 2 1 .  7 ± .  3 2 8 . 2 ± . 4  29 . 0± . 4  2 9 . 4 ± . 4  3 0 . 0 ± . 4  3 2 .  2 ± .  4 39 . 4± . 4  

1 986 62  1 9 . 2 ± . 4 28 . 3± . 6  3 0 . 6 ! . 5  3 1 . 2 ± . 5 3 0 . 9 ± . 6  2 9 . 9 ± . 6  25. 7± . 6  

born  s i n g l e  7 2  2 2 .  0 ± .  4 28 . 9± . 4  30. 4± . 4  3 1 . 0± . 4  3 1 . 0± . 5  3 1 . 6± . 4  33. 5 ± . 5  

t w i n  7 6  1 8 . 9± . 3  27 . 5! . 5  29 . 0 ± . 4  2 9 . 6 ± . 4  29 . 9± . 5  30 . 5± . 5  3 1 .  9 ± . 4  

Da11 2yr 35 1 9 . 9± . 5  28 . 3± . 6  29 . 3± . 6  2 9 .  8 ± .  6 3 0 . 5 ± . 7  3 0 . 8 ± . 6  3 1 . 8± . 6  

3yr 38 19. 7 ± . 5 2 7 . 3± . 6  29 . 0 ± . 6  2 9 .  4 ± .  6 29 . 8± . 6  29 . 9± . 6  3 1 . 5± . 6  

4yr 32 20. 9± . 5  28 . 3 ± . 7  29 . 5± . 6  3 0 . 5 ± . 6  3 0 . 1 ± .  7 3 1 . 0 ± . 6  3 2 . 2 ± . 6  

5yr 43 2 2 . 2 ± . 5 2 9 . 1 ± . 6  30 . 8! . 6  3 1 . 5 ± . 6  3 1 . 5± .  7 32 . 4± . 6  34 .  2 ± .  7 

L i ne c 6 1  2 0 . 2 ± . 4  2 7 . '3 ± . 5  29 .  4 ! .  4 2 9 . 7 ± . 4  2 9 . 5 ! . 5 30 . 1 ± .  5 3 1 . 5± . 5  

FW 8 7  20 . 6± . 3  28 .  5 ± .  4 3 0 .  0 ± . 4 3 0 . 9 ± . 4  3 1 . 4± . 5  32 . 0 ± . 4 33. 5 ± . 4  

Oest r u s  A c yc l i c  64 1 9 . 7:!: , 4 2 7 . 6± . 5  29. 0± . 5  2 9 . 7 ± . 5  2 9 . 6 ± . 6  30 . 5± . 5  3 2 . 0 ± . 6  

Cyc l i c  84 2 0 . 6 ! . 3 28 . 7 ± . 5  3 0 .  4± . 4 3 0 . 9 ± . 4  3 1 . 3± . 5  3 1 . 6 ± . 4  33. 1 ± . 5  

c A c yc l i c  34 20 . 3± . 3  2 7 .  9 ± .  7 29 . 2 ! . 6  2 9 . 6 ± . 6  2 9 . 1 ± .  7 29 . 8± . 7  3 1 . 3 ± . 8  

Cyc l i c  2 7  2 0 . 0± . 3  2 7 .  7 ! .  7 2 9 . 7 ± . 7  2 9 . 8 ± . 6  3 0 . 1 ± .  8 30 .  5 ± .  7 3 1 .  9 ± .  7 

FW A c yc l i c  30 1 9 . 2± . 2  27 . 3± .  7 2 9 . 2 ± . 7 3 0 .  2 ! .  6 3 0 . 7 ± .  7 3 1 . 6± .  7 32 . 5 ± . 6  

Cyc l i c  5 7  2 1 . 3 ± . 3  29 . 7 ± . 5  3 1 . 1 ± . 4  32 . 0 ± . 4 3 2 . 6± . 5  3 2 . 8 . ± 5  3 4 . 1 . ±7 

c S i n g l e  35 2 1 . 6± . 5  2 7 . 8 ± . 6  29 . 5± . 6  29 .  7 ± . 5  2 9 . 4± . 6  3 0 . 0 ± . 6  3 1 .  7 ± . 6  

T w i n  26 1 9 . 3 ± . 6  2 8 . 1 ± . 7  29 . 3 ± .  7 2 9 . 7 ± . 6  2 9 . 5 ± . 7  3 0 . 2 ± . 7  3 1 . 5± . 6  

FW S i n g l e  3 7  22 . 4 ± . 5 29 . 9± . 6  3 1 . 3± . 6  3 2 . 4 ± . 6  3 2 . 6± . 7  33.  3 ± .  6 34 . 7± . 6  

T w i n  5 0  1 8 . 2 ± . 4  27 . 0± . 5  28 . 6± . 5  2'3 . 5 ± .  5 3 0 .  2 ± .  6 3 0 . 7 ± . 5  3 1 . 9 ± . 7  

================== ============ ====================================================== 

1 PSW i s  p os t  shear i n g  l i ve wei g h t  a t  hogget  shea r i n g  



T a b l e  7 . 1 b R e p e a t e d  me a s u r e s  

S o u r c e  

F '-' L L  M O D EL 

F 0L L  M O D E L  T I ME S  

Y EAR 

D AT E  O F  B I RT H  

AGE O F  DAM 

S EL E CT I ON L I NE 

Y E S / NO O E S TR U S  

Y E S / N O  O E S TR U S  

Y EAR X L I N E 

T I ME S  X Y EAR 

T I ME S  X AGE O F  

T I ME S  X B I R T H  

T i ME S  X L I N E 

T I ME S  X Y E S / N O  

T I ME S  X YEAR X 
T I ME S  X L I NE X 
T I ME S  X L I NE X 

* P < . 0 5 
* *  P < . 0 1 

* * *  P < . 0 0 1  

C Y CL E S  

X L I NE 

DAM 

DATE 

OE S TR U S  

L I N E 

B I R T H  D AT E  

Y E S / N O  O E S TR 

d f  

1 0  

6 0  

1 

1 

3 

1 

1 

1 

1 

6 

1 8  

6 

6 

6 

6 

6 

6 

1 3 5  

a na l ys i s o f  l i ve we i g h t  

C h i - S q u a r e  

3 2 9 . 0  * * *  

5 7 6 . 5  * * *  

3 3 . 9  * * *  

3 1 1 . 3  * * *  

6 . 7  P < . 1 0 

6 . 1  * 

1 7 . 7  * * *  

0 .  2 n s  

0 . 1  n s  

2 1 7 . 6  * * *  

2 6 . 2  P < . 1 0 

1 . 1  n s  

2 7 . 9  * * *  

1 1 . 5  P < . 1 0 

7 . 1  n s  

3 .  7 n s  

5 . 9  n s  



Tab l e  7 . 2  L i vewe 1 g h t  g a 1 n  o f  ewe h og g e t s  l k g l . 

7 . 2a Year , b i r t h  r a n k ,  daa  a g e ,  sel ec t i on l i n e  and  oest r u s  s t a t u s  l east  s q u a r e s  teans 

Cl ass i f i c a t i on n APR- J UL APR MAY JUN JUL JUL -PS\tF 
= = ======================= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Over a l l  

Year 

Bor n  

Daa  

l i n e  

1 985 

1 98& 

S i n g l e 

T w i n  

2yr 

3yr 

4yr 

5yr 

c 

FW 

1 4B 

B6 

62  

7 2  

7& 

35 

3B 

32 

43 

6 1  

B7  

B .  0! .  2 

6 . & ± . 3 

9 . 4 ± . 3  

7 . 1 ± . 3  

B . 9± . 3  

B . 6± . 4  

7 .  7± . 4  

7 . 5 ± . 5  

B .  3± . 1  

7 . 5 ± . 3  

B .  5 ± .  3 

4 . 1 :! .  3 

1 . 3 ! . 3  

2 .  6 ± . 3 

2 . 8 ± . 3  

2 . 4 ± . 4 

2 . 9 ± . 4  

2 .  & ± .  4 

2 . 9 ± . 4  

2 . 1 ± .  3 

3 . 3± . 3  

Oes t r us Acyc l i c  64 

Cyc l i c  8 4  

7 . 9± . 4  

8 . 2± . 3  

2 . 8 ± . 3  

2 .  7 ± .  3 

1 985  c 

FW 

3& 6 . 3± . 5  3 . 0 ± . 4  

5 0  6 . 9± . 4  5 . 1 ± . 3  

1 .  5 ± .  2 

0 . 9± . 2  

2 .  2 ! . 2 

1 . &± . 2  

1 .  5 ± .  2 

1 . 1 ± .  3 

1 .  8 ± .  3 

1 .  3± . 3 

1 .  B ± .  3 

1 .  5 ± .  2 

1 . 5 ± . 2  

1 .  5 ± .  2 

1 .  6 ± .  2 

0 .  6 ± . 1  

0 . 4 ± . 2  

0 . 8 ± . 2 

0 . 6t . 2  

0 . 6 ± . 2 

0 . 5 ± . 2 

0 . 4 ± . 3  

1 . 0± . 2  

0 . 6 ! . 2  

0 . 3± . 2  

0 . 9 ± . 2  

0 .  7 ± . 2  

0 . 5 ± . 2  

0 . 8 ± . 3  0 . 0± . 3  

0 . 9± . 2 O . B± . 2  

0 . &± . 2  

- 0 . 2 ± . 3  

0 . 0 ± . 2  

0 . 4 ± . 2  

0 .  B ± .  3 

0 . 4 ± . 3  

- 0 . 3 ± . 3  

0 . 0 ± . 3  

- 0 . 1 ± .  2 

0 . 6 ± . 2  

0 . 4 ± . 2  

2 . 1 ± .  2 

- 1 . 2 ± . 3  

0 . 4 ± . 2 

0 . 4 ± . 2 

0 . 1 ± .  3 

0 . 0± . 3  

0 . 7± . 3  

0 . 9 ± . 3  

0 . 5 ± . :  

0 . 4 ± . 2  

0 . 0± . 2  0 . 7 ± . 3 

0 . 4 ± . 2  0 . 2± . 2  

1 .  4 ± . 1  

7 . 0± . 3  

- 4 . 2 ± . 3  

! .  5 ± .  2 

1 . 3± . 2  

1 .  2 ± .  2 

1 .  5 ± .  3 

1 .  3 ± .  3 

1 .  b± . 2 

1 . 5 ± . 2  

• l 2 ± . 3 

1 . 4± . 3  

0 . 1 ± . 3  2 . 1 ± . 4  7 , 1 ± . 3  

1 . 1 ± . 2  2 . 1 ± . 3  6 . 8± . 5  

1 986  c 

FW 
25 B . 7± . 5  1 . 2± . 4  2 . 2 ± . 3  0 . 6± . 3  -0 . 4 ± . 3  - 1 . 2 ± . �  - 4 . 0 ± . 4  

3 7  1 0 . 2± . 5  1 . 4 ± . 5  2 . 1 ± . 4  1 . 1 ± . 3  0 . 0 ± . 4 - 1 . 3 ± . d  -4 . 4 ± . 5  
=================================================== = = = = = = = = = == = ================== = =  

1 Post wean i n g  g a i n  

2 Post shear i ng 

1 3 6  



Ta b l e  7 . 2 b R e p e a t e d  me a s u r e s  
1 i v e we i g h t  g a i n s 

S o u r c e  

F U L L  MODEL 

FULL MODEL T I ME S  

Y E AR 

D AT E  OF B I RT H  

AGE O F  D AM 

S ELECT I ON L I NE 

Y E S / N O  OE S TR U S  

Y E S / N O  O E S T R U S  

YEAR x L I NE 

T I ME S  X YEAR 

T I M E S  X AGE O F  

T I ME S  X L I NE 

T I ME S  X Y E S / N O  

T I ME S  X YEAR X 
T I ME S  X L I NE X 
T I ME S  X L I NE x 

* P < . O S 
* *  P < . 0 1 

* * *  P < . 0 0 1 

CYCL E S  

x L I N E 

D AM 

O E S TR U S  

L I NE 

B I R T H  R AN K  

Y E S / N O  O E S T R  

d f  

1 0  

2 0  

1 

1 

3 

1 

1 

1 

1 

2 

6 

2 

2 

2 

2 

2 

1 3 7  

a na l ys i s o f  s e a s o na l  

C h i - S q ua r e  

2 1 7 . 1  * * *  

2 3 2 . 2  * * *  

1 2 5 . 1  * * *  

1 5 3 . 8  * * *  

1 . 5  n s  

2 . 7  n s  

0 . 6  n s  

2 . 7  n s  

0 . 4  n s  

9 8 . 5  * * *  

2 . 8  n s  

5 . 7  p < . 1 0 

6 . 1  * 

3 . 3  n s  

2 . 7  n s  

0 . 7  n s  



Ta b l e  7 . 2 c R e pe a t e d me a s u r e s  
l i ve we i g h t  ga i n s 
s e a s o n . 

S o u r c e  

F U L L  M O D E L  

F U L L  M O D E L  T I ME S  

Y E AR 

DATE OF B I RT H  

AGE O F  D AM 

S EL E C T I ON L I NE 

Y E S / N O  O E S T R U S  C Y C L E S  

Y E S / N O  O E S T R U S  x L I NE 

YEAR X L I N E 

T I ME S  X Y E AR 

T I ME S  X AGE O F  D AM 

T I ME S  X L I NE 

T I ME S  X Y E S / N O  O E S T R U S  

T I ME S  X Y E AR 

T I ME S  X L I NE 

T I ME S  X L I NE 

* P < . 0 5 
* *  P < . 0 1 

* * *  P < . 0 0 1 

X L I NE 

X B I R T H  DATE 

x Y E S / N O  O E S TR 

d f  

1 0  

3 0  

1 

1 

3 

1 

1 

1 

1 

3 

9 

3 

3 

3 

3 

2 

1 3 8 

a na l ys i s o f  mo n t h l y  
d u r i n g t he b r e e d i ng 

C h i - S q ua r e  

7 1 . 9  * * *  

1 7 4 . 2  * * *  

5 3 . 5  * * *  

0 . 1  n s  

4 . 4 n s  

1 0 . 1  * *  

0 . 7  n s  

3 . 1  p < . 1 0 

6 . 1  * 

1 4 4 . 8  * * *  

1 4 . 5  n s  

5 . 7  n s  

2 .  6 n s  

0 .  5 n s  

1 . 1  n s  

0 .  5 n s  



Ta b l e  7 . 3 a P e r c e n t a g e  o f  e we l a mb s  i n  o e s t r u s 
b y  s e l e c t i o n l i n e . 

L i n e  1 9 8 5 1 9 8 6 I Ove f"a.l l  I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - 1 

I I 
C o n t r o l  2 3 . 7  6 4 . 5  I 4 4 . 3  I 

I I 
F l e e c e  We i g h t  5 3 . 6  8 7 . 1  I 6 5 . 5  I 

I I - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - 1 
Ove ra.H 4 3 • 0 7 5 • 8 I 5 6 • 8 I - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - 1 

1 3 9  

Ta b l e  7 . 3 b Ana l ys i s  o f  d e v i a n c e  f o r ye s / n o  d i s p l a y  o f  
o e s t r u s  a s  a h o g ge t . 

S o u r c e  d f  

YEAR 1 

B I RT H  D AT E  1 

L I VEWE I G H T  1 

B I R T H  R AN K  1 

S EL ECT I ON L I NE 1 

* * *  P < . 0 0 1  
* *  P < . 0 1 
* P < . 0 5 

D e v i a n c e  

1 6 . 3 1 

1 7 . 9  

9 . 1 4 

2 . 1 4 

7 . 0 5 

n s  n o n  s i g n i f i ca n t . 

* * *  

* * *  

* *  

n s  

* *  



Ta b l e 7 . 4  C l e a n  h o g g e t f l e e c e  we i g h t  ( CFW ) a nd w i n t e r  
w o o l  gr o w t h  ( J u n e  g c l e a n  wo o l / h e a d / d a y ) i n  
c yc l i c a nd a c yc l i c F W  a nd C h o gg e t s . 

C l a s s i f i ca t i o n C F W  
( k g )  

J u n e  wo o l  
( g/ d a y ) 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

O v e r a l l  3 .  0 ±  . 1  7 .  8 ± . 3 

Y e a r  1 9 8 5  4 . 1 ± . 1  7 . 8 ± . 3  
1 9 8 6  3 . 1 ± . 1  

b o r n  s i ng l e  3 . 7 ± . 1 7 . 6 ± . 4  
t w i n  3 .  6 ± . 1  8 . 1 ± . 4  

D a m  2 yr 3 . 7 ± . 1  7 . 9 ± . 5  
3 yr 3 .  6 ± . 1  7 . 8 ± . 5  
4 yr 3 . 4 ± . 1  8 . 5 ± . 5  
5yr 3 . 8 ± . 1  7 . 1 ± .  5 

L i n e  c 3 . 1 ± . 1  6 . 4 ± . 5  
FW 4 . 1 ± . 1  9 . 3 ± . 3  

O e s t r u s Acyc l i c  3 .  6 ±  . 1  7 . 7 ± . 3  
Cyc l i c 3 .  6 ± . 1  8 .  0 ± . 5 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Ta b l e  7 . 5  Two - t o o t h  l a mb i ng p e r f o r ma n ce o f  e we s  wh i c h 
we r e  e i t h e r  c yc l i c  o r  a cyc l i c  a s  h o gg e t s  i n  
F W  a nd C l i ne s  ( n ) . 

S e l e c t i o n 
L i n e 

P u be r t a l 
S t a t us 

P e r c e nt a g e  
L a mb i n g 

P e r c e n t a g e  
Tw i n - b e a r i n g  

1 4 0  

C ( 2 5 )  ! - - - - Cyc l i c  ( 5 ) - - - - 8 0 % ( 4 ) - - - - - - - 2 5% ( 1 ) - - 1 4 %  

I - - - - Acyc l i c ( 2 0 ) - - - 6 5 % ( 1 3 ) - - - - - - - 0 %  ( 0 ) - - 1 

F W ( 2 7 ) ! - - - - Cyc l i c ( 1 4 ) - - 1 0 0 % ( 1 4 ) - - - - - - 2 9 %  ( 4 ) - - 1 2 2 % 

! - - - Acyc l i c  ( 1 3 ) - - - 6 9 %  ( 9 ) - - - - - - 2 2 %  ( 2 ) - - 1 
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7 . 4  D I S C U S S I ON 

7 . 4 . 1  E w e  h o gge t l i ve we i gh t  

T h e  me a n  l i ve we i g h t  o f  e we h o gg e t s  d u r i ng the b r e e d i ng 

s e a s o n  wa s l e s s  t h a n  t h e  3 3 - 3 5  k g  n o r ma l l y r e c o mme n d e d  

t a r g e t we i g h t  ( Da l t o n ,  1 9 8 1 ) .  Al t h o u g h  l i ve we i g h t  wa s 

me a s u r e d o n  f a s t e d  e we s , t h e  l i v e we� g h t s  o f  3 0  k g  i n  Ma y ,  

J u ne a nd J u l y  a r e  l e s s  t ha n  t h o s e  r e p o r t e d  i n  o t h e r  s t ud i e s  

o f  R omn e y  e we h o g g e t s  a t  Ma s s e y  U n i ve r s i t y ( Mc M i l l a n ,  1 9 8 1 ;  

As o f i ,  1 9 8 4 ) .  

T h e  l i v e we i g h t  a d va n t a g e  o f  s i n g l e - o v e r t w i n - b o r n  l a mbs wa s 

l e s s  t ha n  t h a t  r e p o r t e d  a t  we a n i n g ( Ba k e r  e t  a l . ,  1 9 7 4 )  o r  

d u r i ng a u t umn ( Ch ' a ng a nd R a e , 1 9 6 1 ;  1 9 7 0 ;  Ba k e r  e t  a l . ,  

1 9 7 9 ) . T h e  u s e  o f  b i r t h  r a n k , r a t h e r  t ha n  r e a r i ng r a n k , i s  

a s s u m e d  n o t  t o  h a v e  g r e a t l y  a f f e c t e d  t h e  r e s u l t s  a s  o n l y  1 1  

l a mb s  b o r n  a s  t w i ns r e ma i n e d  a s  s i n g l e s a t  we a n i ng . C h ' a n g  

a n d  R a e ( 1 9 7 0 ) a n d  B a k e r  e t  a l . ( 1 9 7 4 ) have e s t i ma t e d t h a t 

l i v e we i g h t  d i f f e r e nc e s  b e t we e n  t w i n s  r e a r ed a s  s i ng l e s  a nd 

t w i n s  r e a r e d  a s  t w i n s  we r e  b e t we e n  2 5 % a n d  5 0 %  o f  t h e  

ma g n i t u d e  o f  t w i n - vs . s i n g l e - b o r n  c o mpa r i s o ns . 

T h r o u g h o u t  t h e  e n t i r e  i n t e r va l  f r o m we a n i ng t o  h o g g e t 

s h e a r i n g F W  e we h o g g e t s  we r e  h e a v i e r  t h a n  C h o g g e t s , t h e  

d i f f e r e n c e  b e c om i n g a nd r e ma i n i n g s i g n i f i ca n t  b y  J u n e . 

T h i s  d i f f e r e nc e  ( + 1  k g ) i nc l ud e s  d i f f e r e nc e s  i n  t h e  we i g h t  

o f  wo o l  c a r r i e d . H i s t o r i ca l l y ,  F W  h o gg e t s  a r e  1 . 5  - 2 k g  

h e a v i e r  t ha n  C h o g g e t s  a f t e r  h o g g e t s h e a r i n g ( B l a i r ,  1 9 8 6 ) . 

As d i s c u s s e d  i n  C ha p t e r  5 ,  t h i s  d i f f e r e n c e  ac c r u e s  s l o w l y ,  

i s  u s u a l l y s i g n i f i ca n t  by l a t e  a u t u mn o r  ea r l y w i n t e r ,  a nd 

i nc r e a s e s  s l i g h t l y  i n  e a r l y  s p r i n g p r i o r t o  h o g g e t  

s h e a r i n g .  

Oe s t r o u s  F W  h o g g e t s  we r e  a p p r o x i ma t e l y  2 k g  h e a v i e r  t h a n  

a c yc l i c F W  l a mbs wh i l e o e s t r o u s  a n d a n o e s t r o u s  C l a mbs d i d 

n o t  d i f f e r  i n  l i ve we i g h t . D i f f e r e n c e s  i n  a u t umn l i ve we i g h t  



1 4 2  

o f  2 t o  3 k g  b e t we e n  o e s t r u s a nd n o n - o e s t r u s e we h o g g e s t s  

h a ve b e e n  r e p o r t e d  f o r R o mn e y  l a mb s  e l s e wh e r e  ( Ch ' a ng a n d  

Ra e s i d e ,  1 9 5 7 ; H i g h t  e t  a l . ,  1 9 7 3 ;  As o f i ,  1 9 8 4 ) .  M c M i l l a n  

( 1 9 8 1 ) f o u n d  n o  d i f f e r e n c e  i n  we i g h t  b e t we e n  o e s t r o u s  a nd 

a n o e s t r o u s  B o r d e r  L e i c e s t e r  X R o mn e y  l a mb s  wh i l e o e s t r o u s  

R omne y  l a mb s  we r e  5 - 6  k g  h e a v i e r  a t  j o i n i n g t ha n  a n o e s t r o u s  

l a mbs . A l l i s o n  ( 1 9 7 5 )  has a l s o  d e mo ns t r a t e d  b r e e d  

d i f f e r e n c e s  i n  we i g h t  b e t we e n  ma r k e d a nd u nma r k e d e we l a mbs 

e ve n  whe n  b r e e d  d i f f e r e nc e s  in j o i n i n g l i v e we i g h t  we r e  

s ma l l . T h e  p o s s i b l e  n e u r o e n d o c r i n e p a t hwa ys t h r o u g h  wh i c h  

b o d y  we i g h t  a nd g r o w t h  i n f o r ma t i o n i n f l u e nc e  t h e  

s e ns i t i v i t y o f  t h e  p r e p u be r t a l  s h e e p ' s  h yp o t ha l a mu s  t o  t h e  

n e ga t i ve f e e d ba c k  o f  o e s t r a d i o l  o n  L H  s e c r e t i o n a r e  

r e v i e we d  a nd d i s c u s s e d  b y  F o s t e r  e t  a l . ( 1 9 8 6 ) . 

7 . 4 . 2  L i ve we i g h t  ga i n  

P o s t - we a n i n g l i v e we i g h t  ga i ns we r e  g r e a t e r  i n  1 9 8 6  b u t  ga i n s 

o ve r  t he b r e e d i n g a nd p o s t - b r e e d i n g s e a s o n s we r e  

s u b s t a n t i a l l y l o we r i n  1 9 8 6  t h a n  i n  1 9 8 5 . T h e s e  d i f f e r i n g 

pa t t e r n s o f  b o d y  g r o wt h  we r e  d u e , i n  pa r t ,  t o  a d r y  a u t umn 

i n  1 9 8 5 , wh i c h r e d u c e d  pa s t u r e  g r o wt h  u n t i l  May , a nd p a r t l y 

d u e  t o  a p o o r  w i n t e r a nd o ve r s t o c k i n g o f  t he r e s e a r c h b l o c k  

p r o p e r ty w i t h  c a t t l e , i n  1 9 8 6 . 

T w i n - b o r n  l a mbs had h i g h e r l i ve we i gh t  ga i ns o v e r a l l  s e a s o n s  

wh i c h i nd i c a t e d  c ompe n s a t o r y  p o s t - we a n i n g g r o wt h . As n o t e d 

i n  o t h e r s t ud i e s  t h i s  d i f f e r e n c e  i n  l i ve we i g h t  g a i n  

d e c r e a s e s  w i t h  i nc r e a s i ng a g e  ( Ch ' a n g  a nd R a e , 1 9 7 0 ;  H i g h t  

a nd J u r y ,  1 9 7 1 ;  McM i l l i a n ,  1 9 8 1 ) . 

S i gn i f i c a n t s e l e c t i o n l i n e  d i f f e r e n c e s  ( FW > C )  e x i s t e d  o n l y  

i n  May a nd J u n e , t h e  d i f f e r e nc e s  i n  a l l  o t he r  p e r i od s  b e i n g 

n o n - s i g n i f i ca n t . Ge n e r a l l y ,  u nd e r  c o nd i t i o � f o r a d e q ua t e  

g r o wt h , F W  a n i ma l s g r e w  f a s t e r  t ha n  C a n i ma l s .  I n  p e r i o d s  

o f  p o o r e r  n u t r i t i o n l i ne d i f f e r e n c e s  we r e  u n d e t e c ta b l e . 
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7 . 4 . 3  P u b e r t y 

7 . 4 . 3 . 1  I nc i d e n c e  o f  o e s t r u s  

T h e  l e ve l s  o f  o e s t r o us a c t i v i t y i n  F W  ( 6 5 . 5 % )  a nd C ( 4 4 . 3 % )  

R omne y  e we h o g g e t s  we r e  c o mpa r a b l e  t o  t h o s e  o f  o t h e r N e w  

Z e a l a nd R o mn e y  s t ud i e s  ( Ch ' a ng a nd Ra e s i d e , 1 9 5 7  ( 7 2 % ) ; 

H i gh t  e t  a l . ,  1 9 7 3  ( 5 5 % ) ;  A l l i s o n e t  a l . ,  1 9 7 5  ( 4 3 % ) ;  M e ye r  

a nd F r e nc h ,  1 9 7 9  ( 2 5 % ) ;  Mc M i l l a n ,  1 9 8 1  ( 8 9 % ) ;  As o f i , 1 9 8 4  

( 7 9 % ) ) .  Va r i a t i o n i n  t h e  i n c i d e n c e  o f  o e s t r o u s  b e t we e n  

s t ud i e s  i s  o f t e n  a t t r i b u t e d  t o  d i f f e r e nc e s  i n  a u t u mn 

l i v e we i gh t  ( Mo o r e  a nd McM i l l a n ,  1 9 8 4 ) .  T h e  me a n  i n c i d e n c e  

o f  o e s t r u s ( 5 7 % )  i n  t h i s  s t u d y  a p p e a r s  r e a s o na b l e  g i ve n  

a u t umn l i v e we i g h t s  o f  a b o u t  3 0  k g . 

Ca r e  mus t  b e  t a k e n  wh e n  d i s p l a y  o f  o e s t r o u s , r a t h e r  t h a n  t h e  

e s t a b l i s hme n t  o f  r e g u l a r  o va r i a n  c yc l e s , i s  t h e  t r a i t  u s e d  

t o  d e s c r i be p u be r t y .  T h e  r e c o r d i n g o f  o e s t r o u s  d i s p l a y  

r e l i e s  o n  a d e q u a t e  s e a s o na l  p r e pa r a t i o n a nd l i b i d o  o f  t he 

r a ms , p hys i ca l  a nd v i s ua l p r o x i m i t y o f  e we s  a n d  r a ms i n  t h e  

p a d d o c k  a n d  t h e  r e l i a b i l i t y a nd c o nd i t i o n o f  t h e  r a m ' s  

ma r k i ng d e v i c e . A l s o ,  o vu l a t i o n s  i n  p r e p u b e r t a l e we s  ma y 

n o t  a l ways b e  a c c omp a n i e d  b y  o u t wa r d  be hav i o r a l o e s t r us 

( Ha r e  a nd B r ya n t ,  1 9 8 2 ) . T h e  a \..\thor a l s o  a s s umes t h a t  t h e s e  

p h e n ome n a  o c c u r  e q ua l l y i n  F W  a nd C s h e e p . 

B o t h  a p p r o p r i a t e  p h o t o pe r i od i c a nd l i ve we i g h t  s i g n a l s  a r e  

r e q u i r e d  f or t h e  o ns e t  o f  p u be r t y . Ma l n o u r i s h e d  f e ma l e s  

h a v e  f u nc t i o n a l p h o t o r e c e p t i ve me c ha n i s ms b u t  a n  

a p p r o p r i a t e  r e s p o n s e  t o  p e r m i s s i ve p h o t o pe r i od w i l l  b e  

ma n i f e s t  o n l y  whe n  t h e y  a c h i e ve t h e  a p p r o p r i a t e  

p hys i o l o g i ca l  s i z e .  As me n t i o n e d  e a r l i e r ,  t h i s  

ma n i f e s ta t i o n  i n vo l ve s  a r e d u c t i o n i n  hypo t ha l a m i c  

s e n s i t i v i t y t o  t h e  n e ga t i v e f e e d ba c k  a c t i o n  o f  o e s t r a d i o l  o n  

L H  s e c r e t i o n ( F o s t e r  e t  a l . 1 9 8 6 ) . 

I t  i s  p o s s i b l e  t h a t  g e ne t i c  va r i a t i o n e x i s t s i n  t h e  
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'' t r i gg e r "  l i v e we i g h t  r e q u i r e d  t o  i n i t i a t e o e s t r o u s  c yc l e s  

i n  p h o t o pe r i od i ca l l y r e c e pt i ve e we s . G e n e t i c  va r i a t i o n i n  

p h o t o p e r i od i c s e n s i t i v i t y i s  a l s o  p o s s i b l e  a nd i s  s u p p o r t e d  

b y  e v i d e n c e  i n  va r i o u s  s t r a i n s o f  m i c e  ( He a t h  a nd L yn c h ,  

1 9 8 2 ) . As d i s c u s s e d  b y  M o n t g o me r y  a n d  H a wk e r  ( 1 9 8 6 ) ,  t h e  

i n t e r - c o n ne c t i o n o f  c ommo n n e u r o e n d o c r i ne me c ha n i s ms 

a f f e c t i ng b o t h  wo o l  g r o wt h  a nd r e p r od uc t i o n ma y h a v e  s o me 

r e l e va n c e  g i ve n  t h e  h i gh e r  w i n t e r  w o o l  g r o wt h  ( Ch a p t e r  5 )  

a nd w i n t e r  wo o l  g r o wt h  e f f i c i e nc y  ( Ch a p t e r  6 )  o f  F W  s h e e p . 

T h e  1 k g  l i ve we i g h t  a d va n t a g e  o f  F W  e we h o gg e t s  s e e ms 

i ns u f f i c i e n t t o  a c c o u n t  f o r  t he 2 0 - 2 5 % a d va n t a g e  i n  n umb e r  

o f  o e s t r o u s  e we s . M o o r e  a nd M cM i l l a n  ( 1 9 8 4 ) s u g g e s t  a 3 %  

a d va n t a ge f o r  e a c h  1 k g  i nc r e a s e  i n  we i g h t , a l t h o ug h  t h e  

l i n e a r i t y  o f  t h i s  r e l a t i o n s h i p  o v e r a r a n g e  o f  l i v e we i g h t s  

wa s n o t  d i s c u s s e d . I n  s o me wa y ,  F W  s h e e p  ma y ha ve a n  

a l t e r e d  r e s p o n s e  o r  s e n s i t i v i t y t o  me l a t o n i n .  D i f f e r e n c e s  

i n  p r o d uc t i o n ,  o r  c l e a r a n c e  r a t e s  f r o m  c e r e b r a l t i s s ue s , o f  

me l a t o n i n  a r e  a l s o  p o s s i b l e . W i t h o u t  d i s c u s s i ng t h e  

r a m i f i c a t i o n s  o f  h i s r e s u l t ,  Ha l e s  ( pe r s . c o mm . ) h a s  f o u n d  

h i gh e r  ( 2 X n o r ma l ) b l o o d  f l o w  r a t e s  t o  t h e  p i ne a l g l a nd o f  

f l e e c e we i g h t - s e l e c t e d  Me r i n o s  wh i l e t ha t  i n  C s he e p  wa s 

c o n s i d e r e d " n o r ma l " . 

F o s t e r  e t  a l . ( 1 9 8 6 ) ma i n t a i n  t h a t  n u t r i t i o na l c u e s  a r e  

t r a n s l a t e d  mo r e  d i r e c t l y ,  a nd h e n c e  mo r e  r a p i d l y ,  t h a n  

p h o t o p e r i od i c  c u e s  s u c h  t h a t  s ud d e n  i n c r e a s e s  i n  n u t r i t i o n 

a r e  o f t e n  q u i t e e x p e d i e n t  i n  h a s t e n i n g p u be r ty . T h e  

i n c r e a s e d  g r o wt h  r a t e s  a nd l i v e we i g h t s  d u r i n g t h e  e a r l y  

b r e e d i ng s e a s o n  o f  1 9 8 6  ma y h a v e  b e e n  r e s p o n s i b l e  f o r t h e  

e a r l i e r  o n s e t  o f  o e s t r u s  i n  1 9 8 5 - v s . 1 9 8 4 - b o r n  e we s . I n  

a g r e e me n t  w i t h  Mc M i l l a n  ( 1 9 8 1 ) t h e  p e a k  o e s t r u s a c t i v i t y wa s 

i n  l a t e  M a y  d u r i n g b o t h  y e a r s . 
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7 . 4 . 3 . 2  D u r a t i o n o f  t h e  br e e d i ng s e a s o n  

T h e  me a n  n u mb e r  o f  o e s t r us c y c l e s  ( 1 . 6 )  a g r e e s  we l l  w i t h  

o t h e r  p u b l i s h e d  e s t i ma t e s  f o r R o mn e y  e we l a mbs i n  N e w  

Z e a l a nd ( Ch ' a n g  a nd R a e s i d e , 1 9 5 7  ( 2 . 7 ) ;  H i g h t  e t  a l . 1 9 7 3  

( 1 . 4 ) ;  Ba k e r  e t  a l . 1 9 7 4  ( 1 . 7 ) ) .  H i g h e r  va l u e s  ( 3 . 5 ) h a v e  

b e e n  f o u n d  b y  M c M i l l a n  ( 1 9 8 1 ) . 

T h e  d u r a t i o n o f  t h e  b r e e d i n g  s e a s o n  i n  e we h o gg e t s  h a s  

p r a c t i ca l  i mp l i c a t i o n s . C h ' a n g a nd R a e  ( 1 9 7 0 ;  1 9 7 2 ) h a v e  

a d v o c a t e d  i t s u s e  i n  e a r l y i nd i r e c t  s e l e c t i o n f o r  

f e c u nd i t y . M o n t g o me r y  a nd H a wk e r  ( 1 9 8 7 ) have d e mo n s t r a t e d  

a p o s i t i ve r e l a t i o n s h i p  b e t we e n  o v u l a t i o n  r a t e  a nd t h e  

l e ng t h  o f  t h e  b r e e d i n g s e a s o n  i n  ad u l t  e we s . Wh e r e  ma t i n g 

o f  h o gge t s  i s  p r a c t i s e d , mu l t i p l e  cyc l e s  a l l o w r e c o r d i n g o f  

t he r e t u r n s  t o  s e r v i c e . T h e  me a s u r e me n t  o f  o v u l a t i o n r a t e ,  

i n  i nd i r e c t  s e l e c t i o n f o r f e c u nd i t y ( H u l l  a nd H a n n i n g ,  

1 9 8 0 ) ,  by l a pa r o s c o p y  i s  a l s o  f a c i l i t a t e d  by me a s u r e me n t s  a t  

c o n s e c u t i ve o e s t r u s e s . 

A l t h o u g h  t h e  n u mb e r  o f  o e s t r u s e s  r e c o r d e d  i n  t h i s  s t u d y  

r a n g e d  f r om 1 t o  6 ,  t h e  ye a r  o f  d a t a  c o l l e c t i o n wa s t he 

o n l y  f a c t o r c o n t r o l l i ng s i g n i f i c a n t  var i a t i o n . S e l e c t i o n 

l i n e e f f e c t s  we r e  s ug ge s t e d  b y  t h e  d a ta , a s  FW s he e p  h a d  

m o r e c yc l e s  a n d  d i s p l a y e d  o e s t r us o v e r  a l o n g e r p e r i od t ha n  

C s h e e p ,  b u t  t h i s  e f f e c t  wa s s i g n i f i ca n t  o n l y  a t  t h e  1 0 %  

l e ve l . 

7 . 4 . 4  R e l a t i o n s h i p t o  o t h e r  pr o d u c t i ve c h a r a c t e r s  

A l t h o u gh t e n t a t i ve l y s u p p o r t i n g  t h e  r e s u l t s o f  M o n t g o me r y  

a nd H a wk e r  ( 1 9 8 7 ) ,  n o  c o n c l u s i o n s  c a n  b e  d r a w n  a b o u t  t h e  

r e l a t i o n s h i p s b e t we e n  w i n t e r wo o l  g r o wt h , ovu l a t i o n  r a t e  o r  

l e n g t h  o f  t h e  b r e e d i n g s e a s o n  i n  F W  a nd C s he e p  f r o m t h e se 

d a t a . B o t h  w i n t e r wo o l  g r o wt h  a nd h o gge t f l e e c e  we i g h t  we r e  

u n r e l a t e d  t o  r e p r o d u c t i v e c ha r a c t e r i s t i c s i n  t h e  h o g g e t s  

s t u d i e d . T h e  p o s s i b i l i t y t h a t  t h e s e  f a c t o r s  ma y b e  r e l a t e d  
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i n  a d u l t  s h e e p  i s  n o t  d i s c r e d i t e d . E we h o gg e t s  d i f f e r  f r o m 

a d u l t s i n  ma n y  wa ys wh i c h ma y d i s g u i s e  r e l a t i o n s h i ps 

b e t we e n  t h e s e  t r a i t s . F i r s t ,  t h e  e n d o c r i n e s ys t e m  o f  yo u n g  

s h e e p  i s  e x p e r i e n c i ng p h o t o p e r i od i c  c u e s  f o r t h e  f i r s t  

t i me .  S e c o nd l y ,  e n e r ge t i c d e ma nd s  f o r  b o d y  gr o wt h  ma y 

i n f l u e n c e  wo o l  g r o w t h  a nd r e p r o d u c t i ve pa t t e r ns . 

O n  t h e  b a s i s  o f  e we s  p r e s e n t  a t  l a mb i ng ,  the h i gh e r  

t w i n n i n g r a t e  o f  F W  s h e e p  a p p e a r e d  t o  b e  r e l a t e d  t o  t h e  

h i g h e r  p r o p o r t i o n o f  F W  e we s  wh i c h  we r e  c yc l i c a s  h o gg e t s . 

L a mb i n g d a t a  f o r 1 9 8 5 - b o r n  s h e e p  we r e  n o t  a va i l a b l e  b u t  

s h o u l d b e  e xa m i n e d  t o  a u gme n t  t h e  1 9 8 4 - b o r n da ta . 

T h e  me a n  t wo - t o o t h  l a mb i n g p e r f o r ma n c e  o f  t h i s  f l o c k  h a s 

b e e n  h i s t o r i ca l l y l o w  ( W i c k ha m ,  p e r s . c o mm . ) a nd i s  

p o s s i b l y  r e l a t e d  t o  l ow t wo - t o o t h  l i v e we i g h t s . T h e  a d v e r s e  

g r a z i n g c o nd i t i o ns o f  la t e - a u t umn a nd w i n t e r  o f  1 9 8 6 ,  a s  

d i s c u s s e d  e a r l i e r ma y have p r o v e d  e s p e c i a l l y ha r d  o n  1 9 8 4 -

b o r n  l a mb i ng t wo - t o o t h s . 

7 . 5  C O N CL U S I ON S  

S e l e c t i o n f o r  h i g h h o g g e t  g r e a s y  f l e e c e  we i g h t  a p pe a r s  t o  

h a v e  i n c r e a s e d  t h e  pe r c e n t a g e  o f  e we h o g g e t s  a t ta i n i ng 

p u b e r t y  i n  t he i r  f i r s t  a u t u mn . T h i s  2 0 - 2 5 % i n c r e a s e  h a s  n o t  

b e e n  d u e t o  l a r g e  d i f f e r e n c e s  i n  a u t umn l i ve we i g h t ,  a s  

s e l e c t i o n l i n e d i f f e r e nc e s  ( l k g ) a t t a i n  s i g n i f i c a nc e  o n l y  

b y  e a r l y  J u n e , wh i c h  i s  l a t e r  t h a n  t h e  p e a k  o f  o e s t r o u s  

a c t i v i t y i n  e we h o g g e t s . 

I t  i s  l i k e l y t h a t  l i v e we i g h t - r e pr od u c t i o n r e l a t i o n s h i ps h a v e  

b e e n  a l t e r e d  i n  t he t wo f l o c k s , a s  o e s t r o u s a nd a n o e s t r o u s  C 

h o g ge t s  d i d n o t  d i f f e r  i n  l i ve we i g h t  wh i l e o e s t r o u s  F W  

h o g g e t s  we r e  a p p r o x i ma t e l y  2 k g  h e a v i e r  t ha �  a n o e s t r o u s  F W  

e we s . T h e  s u gg e s t i o n has b e e n  ma d e  t ha t  F W  a nd C s h e e p  ma y 

r e s p o nd d i f f e r e n t l y t o  ph o t o pe r i o d i c c u e s  o r  t ha t  t h e  

i n t e r a c t i o n o f  p h o t o pe r i od a nd l i v e we i gh t  " t r i g ge r s "  ma y b e  
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d i f f e r e n t  i n  t h e  t wo l i n e s . 

T h e  a g e  o f  FW o r  C s h e e p  a t  f i r s t  o e s t r u s wa s u n a l t e r e d b y  

s e l e c t i o n a s  wa s t h e  me a n  d a t e  o f  f i r s t  o e s t r u s , t h e s e  

va l u e s  b e i n g a p p r o x i ma t e , d u e  t o  t h e  f o r t n i g h t l y  r e c o r d i n g 

a d o p t e d  i n  t h e  s t ud y .  I n c r e a s e d  l e ng t h  o f  t h e  b r e e d i ng 

s e a s o n i n  F W  e we s  was s ug g e s t e d  ( p < 0 . 1 0 )  by t h e  d a t a , b u t  

ma y b e  r e l a t e d  t o  s i g n i f i c a n t l y  g r e a t e r l i ve we i g h t  d u r i n g 

l a t e  a u t umn . 

T h e  r e p r od u c t i ve p e r f o r ma n c e  o f  1 9 8 4 - a n d  1 9 8 5 - b o r n  l a mb s 

s h o u l d  b e  f o l l o we d t h r o u g h o u t  t h e i r  l i f e t i me a nd r e l a t e d  t o  

t h e  i nc i d e n c e  o f  h o g g e t  o e s t r o u s . F u r t h e r  s t u d y  o f  

r e p r od u c t i ve p e r f o r ma n c e , a s  r e l a t e d  t o  o v u l a t i o n r a t e a nd 

a u t u mn l i v e we i g h t , i s  wa r r a n t e d  i n  t h i s  f l o c k . T h e  l i f e t i me 

l a mb i n g p e r f o r ma nc e  o f  e we s  s h o u l d  a l s o  b e  r e - a s s e s s e d  s o  a s  

t o  d i s c e r n  b e t we e n  t h e  c o mb i ne d  e f f e c t s  o f  f e r t i l i t y a n d  

f e c u nd i t y o n  t h e  3 0 % a d va n t a g e  o f  F W  e we s  i n  l i f e t i me 

p e r f o r ma n c e  f o r n umb e r  o f  l a mbs b o r n o r  r e a r e d . 
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S T AP L E  S TR E N G T H  O F  F W  AN D C HOGGET WOO L  AN D I T S R E L AT I ON S H I �  

T O  T H E  S E AS ON AL �ATTERN O F  H O G GE T  WOO L  G R O WT H  

AN D S TR E N G T H  O F  A D U L T  WOO L  

8 . 1  I n t r od uc t i o n a nd r e v i e w  o f  l i t e r a t u r e  

8 . 1 . 1  E c o n om i c  i mpo r t a n c e  

I n t e r e s t  i n  s ta p l e  s t r e ng t h  a s  a p r od uc t i ve c ha r a c t e r i s t i c  

s h o u l d u l t i ma t e l y  r e l a t e  t o  t he p r o c e s s i n g p e r f o r ma n c e  a nd 
ot wool 

ma r k e t  va l u�. � h ys i ca l  c ha r a c t e r i s t i c s  s u c h  a s  l e ng t h  a nd 

d i a me t e r  w i l l  a l s o  a f f e c t ma r k e t  va l ue a nd wi l l  i n t e r a c t  

w i t h  s t a p l e  s t r e ng t h . A l t h o u g h  H e nd e r s o n  ( 1 9 5 5 ) ,  R o s s  

( 1 9 6 0 ) a nd B i g h a m  e t  a l . ( 1 9 8 3 ) h a v e  i d e n t i f i e d f l e e c e 

u n s o u ndne s s  a nd i t s r e l a t e d  d e f e c t s a s  a ma j o r f a u l t  o f  N e w  

Z e a l a nd wo o l ,  t he r e  h a s  b e e n  l i t t l e  d i r e c t e v i d e n c e  o n  t h e  

i mp o r t a n c e  o f  s t a p l e  s t r e ng t h  i n  d e t e r m i n i n g l o t  p r i c e . 

R o s s  ( 1 9 8 2 ) s u gg e s t e d  t h a t  t e nd e r  wo o l s  a nd t h e i r  a s s o c i a t e d  

f a u l t s , s uc h  a s  c o t t i n g a nd d i s c o l o u r a t i o n ,  r e s u l t e d  i n  a 

f i na n c i a l  l o s s  t o  N e w  Z e a l a nd wo o l  p r o d u c e r s  o f  $ 5 0 m  -

$ l O O m  a n n ua l l y .  T h e s e  f i g u r e s  r e p r e s e n t 5 - 1 0 % o f  t h e  va l ue 

o f  t h e  na t i o na l  c l i p . H o we v e r ,  t h e r e  a r e  n o  r e l i a b l e  

s t a t i s t i c a l a na l ys e s  o f  p r i c e s  o f  R o mn e y - t ype wo o l s  

d e s c r i b e d  a s  s o u n d  o r  t e nd e r i nd i c a t i ng t h a t  p r i c e 

d i f f e r e n t i a l s a s  l a r ge a s  t h e  $ 0 . 1 4 - $ 0 . 2 7 pe r k g  i mp l i e d 

a b ov e  a pp l y  t o  t h e  e nt i r e  na t i o n a l c l i p .  Ac c o r d i ng t o  

f i g u r e s  p u b l i s he d  i n  t h e  N . Z . W . B .  S ta t i s t i ca l  H a nd b o o k  

( 1 9 8 5 / 8 6 ) 2 8 , 5 8 7  t o nn e s  o f  wo o l  wa s c l a s s i f i e d a s  t e nd e r  o r  

c o t t e d . T h e  ma j o r i t y o f  t h i s  wo o l  wa s i n  t h e  R o mc r o s s  3 3 -

3 7 �m r a n g e  a nd r e p r e s e n t e d  1 1 %  o f  t h e  p r o d u c t i o n i n  t h i s  

c a t e g o r y . Us i ng a ve r a g e  p r i c e s  f o r  t h e  a b o ve c l a s s e s ,  a l s o  

p u b l i s h e d  i n  t h e  N . Z . W . B .  H a n d b o o k , a d i s c o u n t  o f  a b o u t  $ 7 m 

a p p e a r s  t o  have b e e n  i n c u r r e d . Eve n i f  a t o t a l  c o s t  t o  N e w  

Z e a l a nd o f  $ 1 0  m a n n ua l l y wa s r e l a t e d t o  t e nd e r  wo o l ,  

f l e e c e  t e nd e r n e s s  wo u l d  s t i l l  be c o n s i d e r e d  a ma j o r wo o l  

f a u l t . 
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8 . 1 . 2  P r o c e s s i ng s i gn i f i c a n c e  

T h e  p r o c e s s i n g s i g n i f i ca n c e  o f  s t a p l e  s t r e n g t h  ha s b e e n  

s t ud i e d  e x t e n s i ve l y  i n  Au s t r a l i a n  f i n e wo o l s ( D o u g l a s , 

1 9 8 4 ;  T E AM ,  1 9 8 5 )  a nd i n  N e w  Z e a l a nd R o mc r o s s  w o o l s  ( R o s s  

e t  a l . ,  1 9 6 1 ;  B r a t t , 1 9 6 5 ;  R o s s  a nd M e i k l e ,  1 9 8 5 ) . 

Ma n u f a c t u r e r s  a r e  c o n c e r n e d  w i t h  t h e  f i br e  d i a me t e r  a nd 

l e ng t h  o f  wo o l  a s  t h e y  pa r t l y  d e t e r m i n e i t s us e s  a nd va l ue 

( R o s s , 1 9 6 0 ;  1 9 8 2 ) .  At h i gh e r  f i b r e  d i a me t e r s  t h e  l e n g t h  o f  

f i b r e s  p r e s e n t  i n  c a r d e d  s l i ve r s  p r i ma r i l y d e t e r m i ne s  

va l u e . H i g h s t r e ng t h  ya r n s , c ha r a c t e r i z e d  by l o n g e r  me a n  

f i b r e  l e ng t h ,  a r e  c e r ta i n l y  p r e f e r a b l e  i n  mod e r n  h i g h  s pe e d  

p r o c e s s i ng ma c h i n e r y .  F i b r e  l e n g t h  a f t e r  c a r d i n g i s  a 

f u nc t i o n o f  t he l e ng t h  a nd s t r e n g t h  o f  g r e a s y  w o o l ,  t h e  

d e g r e e  o f  f i br e  e nt a n g l e me n t  b e f o r e  c a r d i ng ,  t h e  p o s i t i o n 

o f  a ny t e nd e r  r e g i o n i n  t h e  s ta p l e  a nd t h e  c o nd i t i o n s  o f  t h e  

c a r d i ng p r o c e s s  ( G e e ,  1 9 7 8 ;  Wo o d , 1 9 8 4 ) .  

T h e  l e n g t h  a nd s t r e ng t h  o f  g r e a s y  wo o l  a nd t h e  p o s i t i o n o f  

b r e a k  i n  t h e  s t a p l e  w i l l  h a v e  t h e  g r e a t e s t  e f f e c t s  o n  f i b r e  

l e ng t h  a f t e r  c a r d i ng . A b r e a k  n e a r  t h e  b u t t  o r  t i p  o f  t h e  

s t a p l e  w i l l  r e d u c e  f i br e  l e ng t h  i n  t h e  t o p  and i nc r e a s e  

n o i l a ge a s  s h o r t  f i b r e s  a r e  r e mo v e d  i n  c o mb i n g .  A b r e a k  

n e a r  t h e  c e n t r e  o f  t h e  s ta p l e  ma y n o t  i nc r e a s e  n o i l a g e  i f  

t h e  r e ma i n i ng ha l v e s  o f  t h e b r o k e n  f i b r e s  a r e  o f  s u f f i c i e n t  

l e n g t h  b u t  t h e r e  ma y b e  a ma j o r d e c r e a s e  i n  me a n  f i b r e 

l e n g t h . An i nc r e a s e  i n  n o i l a g e  r e d uc e s  t o p  y i e l d wh i l e a 

d e c r e a s e  i n  f i br e  l e ng t h  i n  t h e  t o p  r e d uc e s  i t s  s u bs e q u e n t  

p r o c e s s i ng p e r f o r ma n c e . T h e  r e l a t i ve e c o n om i c  i mp o r ta n c e  o f  

t h e s e  t wo f a c t o r s  d e p e nd s  o n  t h e  p r o p o r t i o n o f  u n s o u n d  

f i b r e s  a nd t h e  l e ng t h  o f  f i b r e s  b e f o r e  c a r d i n g ( D o ug l a s , 

1 9 8 4 b ) . 

F i b r e  l e n g t h  a f t e r  c a r d i n g h a s  a mo r e  s i g n i f i c a n t  e f f e c t  o n  

s p i n n i n g  p e r f o r ma n c e  a nd ya r n  s t r e n g t h  o f  wo r s t e d a n d s e m i ­

wo r s t e d t ha n  w o o l l e n - s pu n  ya r n s . A l t h o u g h  t o ps o f  h i g h 

u n i f o r m l e n g t h  ma y r e d u c e  wo r s t e d  p r o c e s s i n g pe r f o r ma n c e  
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t h e s e  u n i f o r m  l o t s  a r e  n e ve r  a c h i e ve d  u n l e s s  wo o l s a r e  

s o r t e d  o n  b o t h  l e n g t h  a nd s t r e n g t h  p r i o r t o  c a r d i n g ( B r a t t , 

1 9 6 5 ) . T o ps o f  s h o r t e r  me a n  f i b r e  l e n g t h  h a v e  l o we r 

s p i n n i n g p e r f o r ma nc e  a nd u l t i ma t e  ya r n / f a b r i c  s t r e n g t h  

( R o s s  e t  a l . ,  1 9 6 1 ;  B ra t t  e t  a l . ,  1 9 6 4 ) .  T h e  e f f e c t  o f  

s t a p l e  b r e a k  o n  p r o c e s s i n g p e r f o r ma nc e  ( t o p  y i e l d a nd 

s t r e ng t h ) i s  l i k e l y  t o  b e  mo s t  s e ve r e  whe n  t h e  b r e a k  i s  2 5 % 

t o  4 0 % a l o ng t h e  l e n g t h  o f  t h e  s t a p l e  ( Br a t t  e t  a l . ,  1 9 6 4 ;  

W i c k ha m ,  1 9 6 8 ) . 

8 . 1 . 3  Ca u s e s  o f  po o r  s t r e ng t h  

A ma r k e d  s e a s o n a l r hy t h m  o f  wo o l  p r od u c t i o n e x i s t s i n  l o n g ­

w o o l l e d b r e e d s  o f  s h e e p  i n  N e w  Z e a l a nd . T h i s  r hy t hm i s  

c h a r a c t e r i z e d  by r e d uc t i o n s  i n  t he d i a me t e r , c r o s s  s e c t i o na l 

a r e a , l e n g t h  a n d  s u b s e q u e n t  we i g h t  o f  f i br e s  g r o wn b y  s h e e p  

d u r i n g w i n t e r  mo n t h s . Eve n wh e n  n u t r i t i o n i s  h e l d  c o n s t a n t  

t h r o u gh o u t  t h e  y e a r  wo o l  g r o wt h  ( g /d ) i s  t wo t o  t e n  t i me s  

g r e a t e r  i n  s u mme r t h a n  i n  w i n t e r  mo n t h s  ( R o s s , 1 9 6 2 ,  1 9 6 5 ;  

G e e n t y  e t  a l . ,  1 9 8 4 ) . T h i s  s e a s o na l i t y i s  o f  c e n t r a l  

i mp o r t a n c e  t o  s t a p l e  s t r e n g t h  a s  i nd i v i d ua l  wo o l  f i b r e s  

t e nd t o  b r e a k  a t  t h e i r  na r r o we s t  p o i n t ( F i t z ge r a l d  e t  a l . 

1 9 8 4 ) .  Eve n s o ,  O r w i n e t  a l . ( 1 9 8 0 , 1 9 8 5 )  c o nc l ud e d  t h a t t h e  

e xa c t  l o ca t i o n o f  t h e  b r e a k  ma y b e  d i f f i c u l t  t o  p r e d i c t . 

M o n t h l y  d i a me t e r  me a s u r e me n t s ma y no t ,  h o we ve r , b e  a d e q u a t e  

i n  i d e n t i f y i n g  s h o r t  p e r i o d s  o f  r e s t r i c t e d f i b r e  g r o wt h  

wh i c h  h a v e  s e r i o u s  e f f e c t s  o n  s t a p l e  s t r e ng t h . T h e s e  s h o r t  

p e r i od s  o f  s e ve r e  wo o l  g r o w t h  c h e c k  c a n  c a u s e  o t h e r wi s e  

s u pe r i o r wo o l  p r o d u c e r s  t o  h a v e  f l e e c e s  o f  l o w  t e ns i l e 

s t r e n g t h  ( R o s s , 1 9 6 5 ) . 

H o g g e t s  have l e s s  va r i a t i o n i n  mo n t h l y  me a n  f i b r e  d i ame t e r  

t h r o u g h o u t  t h e  ye a r  t ha n  a d u l t e we s  ( B i g h a m  e t  a l . ,  1 9 7 8Q) .  

T h e  l o we r i nc i d e nc e  o f  f l e e c e  t e nd e r n e s s  i n  h o g g e t wo o l  i s  

a l s o  d u e t o  d i f f e r e n c e s  i n  e we a nd h o g g e t f e e d i n g l e ve l s  

o v e r  w i n t e r  a nd t h e  a b s e n c e  o f  p r e g n a n c y  a nd l a c t a t i o n 

wh i c h  p l a c e  a d d i t i o na l d e ma nd s  o n  t h e  s u p p l y  o f  n u t r i e n t s  
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f o r wo o l  g r o wt h  t o  t h e  e we s . 

M i n i mu m  f i b r e  d i a me t e r  ma y n o t  b e  t he o n l y  c o mp o n e n t  o f  

f i b r e  s t r e ng t h . O r w i n e t  a l . ( 1 9 8 0 ;  1 9 8 5 ) ,  Ca r na b y ( 1 9 8 4 ) 

a nd F i t z g e r a l d  ( 1 9 8 4 ) h a v e  d e mo n s t r a t e d  d i f f e r e n c e s  i n  

i n t r i ns i c  s t r e ng t h  ( l o a d / a r e a ) b e t we e n  f i b r e s  a nd b e t we e n  

s h e e p  wh i c h ma y r e l a t e  t o  c o r t e x  c omp o s i t i o n o r  p r o t e i n  

p r o f i l e s  w i t h i n  f i b r e s . T e n d e r n e s s  i n  u n i f o rml y g r o w i ng 

wo o l  c a n  a l s o  a r i s e  f r om d a ma g e  t o  t h e  i n t e r c e l l u l a r  c e me n t  

o f  wo o l  f i b r e s  c a u s e d  b y  ba c t e r i a l  i nvas i o n o f  t h e  s k i n  

s u r f a c e  d u r i n g mo i s t ,  wa r m  c o nd i t i o ns ( R o be r t s  e t  a l . ,  

1 9 6 0 ) . I n  e x t r e me c a s e s , c o p p e r d e f i c i e nc y  c a n  l e ad t o  t h e  

p r o d u c t i o n o f  s t r a i g h t  wo o l  o f  v e r y  l o w t e n s i l e s t r e n g t h  

c o mmo n l y  k n o wn a s  ' s t e e l y  wo o l ' ( H e nd e r s o n ,  1 9 6 8 ) .  

8 . 1 . 4  M e a s u r e me n t o f  s t a p l e  s t r e ng t h 

T h e  s t r e n g t h  o f  i nd i v i d ua l  s ta p l e s  ha s ,  h i s t o r i ca l l y ,  b e e n  

e s t i ma t e d b y  e i t h e r  t h e  " r i n g '' o f  t h e  s t a p l e  a s  i t  i s  

f l i c k e d  b e t we e n  t h e  f i ng e r s , o r  t h e  h a n d - p u l l  r e q u i r e d  t o  

b r e a k  i t . T h e s e  t wo s u b j e c t i ve t e s t s  ca n be g r e a t l y 

a f f e c t e d  b y  t h e  f o r c e  e xe r t e d  b y  i nd i v i d ua l  a p p r a i s e r s , 

t he t h i c k n e s s  o f  t h e  s t a p l e  s e l e c t e d  a nd t h e  p o s i t i o n o f  

we a k ne s s  i n  t h e s t a p l e  ( R o b e r t s e t  a l . ,  1 9 6 0 ; R o t t e n b u r y ,  

1 9 7 9 ) . 

I f  b r e a k  i s  t o  b e  c o n s i d e r e d  a n  i mp o r t a n t  wo o l  f a u l t  t h e n  

a ny l o n g  t e r m r e s e a r c h  p r o g r a mme wh i c h  a i ms t o  r e d u c e  t h e  

i n c i d e n c e  o f  br e a k  i n  N e w  Z e a l a n d  wo o l  s h o u l d  b e  b a s e d  o n  

mo r e  o b j e c t i ve a nd r e pe a t a b l e  me a s u r e s  o f  s t a p l e  s t r e n g t h . 

R o s s  ( 1 9 6 0 ;  1 9 6 la ) ,  H e u e r  ( 1 9 7 9 ) ,  a nd D o u g l a s  ( 1 9 8 4 a )  h a v e  

o u t l i n e d  a va r i e t y o f  o b j e c t i ve t e s t s f o r  s t a p l e  s t r e n g t h . 

Ma n y  a r e  ba s e d  o n  t h e  f o r c e , i n  N e wt o n s , r e q u i r e d  t o  b r e a k  

t h e s t a p l e  r e l a t i ve t o  t h e  s t a p l e ' s  l i n e a r  d e n s i t y ,  i n  

k i l o t e x . T h e s e  me t h o d s  r e q u i r e  t h e  s t a p l e  t o  b e  h e l d  

b e t we e n  o ne f i xe d  a nd o n e  mo va b l e  j a w .  The s ta p l e  i s  t h e n 

e x t e nd e d  u n d e r  f o r c e  u n t i l  mo s t  o r  a l l  o f  t h e  i n t e r ve n i n g 
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f i b r e s  a r e  b r o k e n . T h e  va l u e s  o f  s t a p l e  s t r e ng t h  o b t a i n e d  

b y  v a r i o u s  r e s e a r c h e r s  w i l l  va r y  d u e  t o  ma c h i ne f a c t o r s  

s uc h  a s  t he t e s t  l e ng t h  b e t we e n  t h e  j a ws ,  t h e  r a t e  o f  

s t a p l e  e x t e ns i o n a nd t h e  j a w  d e s i g n . M o s t  o f  t h e s e  f a c t o r s  

a r e  r e l a t e d  t o  t h e t y p e  o f  e q u i pme n t  u s e d  ( H u e u r , 1 9 7 9 ) . 

I r r e s pe c t i ve o f  t h e  me t h od u s e d , s t a p l e s  w i t h i n  a f l e e c e  

w i l l  va r y  i n  s t r e ng t h  d u e  t o  t h e  we i g h t / d e n s i t y o f  t e s t e d  

s t a p l e s , t h e  c o n f i g u r a t i o n o f  t h e  s t a p l e  b e t we e n  t he j a ws 

a nd t h e  e f f e c t s  o f  b o d y  p o s i t i o n o n  s ta p l e  we a t h e r i ng a nd 

wo o l  g r o wt h  c h a r a c t e r i s t i c s ( R o s s , 1 9 6 0 ;  1 9 6 1 a , b ; 1 9 8 2 ;  

R o s s  a n d  M e i k l e , 1 9 8 5 ) . 

T h e  r e p o r t e d  c o r r e l a t i o n s  b e t we e n  s u b j e c t i ve a nd o b j e c t i ve 

me a s u r e s  o f  s t a p l e  s t r e n g t h h a ve r a n g e d  f r o m 0 . 6 5 t o  0 . 9 0  

( R o s s , 1 9 6 0 ;  R o t t e n b u r y ,  1 9 7 9 ) ;  h o we v e r ,  ma ny s u b j e c t i ve 

t e s t s  a r e  u na b l e  t o  d i s t i n g u i s h  b e t we e n  a w i d e  r a ng e  o f  

s t r e n g t h s  wh e n  s t a p l e  s t r e n g t h  i s  a b o v e  3 5  o r  4 0  N / k t e x  

( R o b e r t s  e t  a l . ,  1 9 6 0 : R o t t e n b u r y ,  1 9 7 9 ) a nd s t a p l e  s i z e  i s  

mo r e  c r i t i ca l  t o  s t r e n g t h  a s s e s s me n t . T h e  a b i l i t y t o  

d i s t i ng u i s h ,  n o t  o n l y b e t we e n  s h e e p  w i t h  s u p e r i o r o r  

i n f e r i o r s t a p l e  s t r e ng t h  b u t  a l s o ,  t o  d i s t i n g u i s h 

a c c u r a t e l y  be t we e n  s h e e p  o f  i n t e r me d i a t e  s t a p l e  s t r e ng t h  ma y 

b e  i mp o r t a n t  i n  s h e e p  i mp r o v e me n t  p r o g r a mme s . 

8 . 1 . 5  I mpr o v e me n t  o f  s ta p l e s t r e ngt h 

A l t h o u g h  i t  i s  p o s s i b l e  t o  i mp r o v e  s t a p l e  s t r e n g t h  b y  

a l t e r i n g t he pa t t e r n  o f  f e e d i n t a k e  t h r o ug h o u t  t h e  ye a r ,  

t h i s  p r a c t i c e d o e s  n o t  c o n s t i t u t e  a n  e c o n o m i c  s o l u t i o n . 

H a wk e r  a nd Cr o s b i e  ( 1 9 8 5 )  we r e  a b l e  t o  v i r t u a l l y e l i m i na t e  

t h e  s e a s o na l  pa t t e r n  o f  wo o l  g r o wt h  by f e e d i n g a h i g h p l a n e 

o f  n u t r i t i o n o ve r w i n t e r  f o l l o we d by a l o w p l a n e  o v e r 

s u mme r . I n  a n o t h e r  e x p e r i me n t  H a wk e r  ( 1 9 8 5� o b t a i n e d  a 7 4 % 

i nc r e a s e  i n  wo o l  g r o w t h  a nd a 2 4 % i n c r e a s e  i n  s ta p l e  

s t r e n g t h  t h r o u g h  a 1 5 0 % i n c r e a s e  i n  f e e d i ng : e v e l ove r a n  8 



we e k  w i n t e r  pe r i od . T h e s e  r e g i me s , a l t h o u g h  i n t e r e s t i n g 

f r o m a r e s e a r c h  s t a n d p o i n t ,  w o u l d  b e  i mp r a c t i c a l  o n - f a r m  

f o r  a n u mb e r  o f  r e a s o n s : 
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1 )  F e e d  r e s o u r c e s  u nd e r  g r a z i n g c o nd i t i o n s  a r e  g r e a t e s t  

i n  s p r i ng a nd a u t umn a nd l o we s t  o ve r  w i n t e r  ( d e p e nd i n g o n  

we a t h e r  a nd l oc a t i o n ) . 

2 )  T o  ma x i m i s e  wo o l  a n d  l a mb p r od u c t i o n e we s  s h o u l d  b e  

we l l  f e d  ove r s umme r - a u t u mn . 

3 )  T h e  e f f i c i e n c y  o f  w o o l  g r o w t h  a nd i t s r e s po n s i ve ne s s  

t o  t h e p l a n e  o f  n u t r i t i o n a r e  a t  l e a s t  t w i c e  a s  g r e a t  i n  

s umme r a s  t h e y  a r e  i n  w i n t e r  ( S umne r ,  1 9 7 9 ; G e e n t y  e t  a l . ,  

1 9  8 4 ; H a wk e r  e t  a l . , 1 9  8 4 ) . 

4 )  W i n t e r  f e e d i s  b e s t  u s e d  f o r t h e  br e e d i ng e we s . 

T h e  p o s i t i o n o f  t e nd e r ne s s  i n  t h e  s ta p l e  i s  a f f e c t e d  b y  t h e  

r e l a t i o n s h i p  b e t we e n  s h e a r i n g d a t e  a nd t h e  t i me o f  m i n i mu m  

wo o l  g r o wt h  ( R o s s , 1 9 6 1a , b ) . I n  ad u l t  e we s , t h e  mo s t  d i r e c t  

way t o  i mp r o v e  t h e  s t r e n g t h  o f  ma r k e t e d  f l e e c e  wo o l  w o u l d  b e  

t o  s h e a r  p r i o r t o  l a mb i n g wh e n  wo o l  g r o wt h  a n d  f i b r e  

d i a me t e r  a r e  a t  t h e i r  m i n i mu m . T h i s  ma y n o t  b e  p r a c t i c a l  

f o r  a l l  ma na g e me n t  s i t ua t i o n s  a s  s h e a r i n g i n  l a t e  w i n t e r  

i n c r e a s e s  f e e d d e ma nd s  a t  a t i me o f  l i m i t e d  pa s t u r e g r o wt h  

a nd i n c r e a s e s  t h e r i s k  o f  p o s t - s h e a r i ng l a mb a nd e we l o s s e s  

( S um n e r ,  1 9 8 4 ;  1 9 8 6 ) . 

G i v e n t ha t  ma n a g e me n t p r a c t i c e s  a r e  o n l y  a t e mp o r a r y  

s o l u t i o n t o  i mp r o v i ng s t a p l e  s t r e n g t h ,  mu c h  d i s c u s s i o n h a s  

r e c e n t l y  ta k e n  p l a c e  i n  N e w  Z e a l a nd o n  t h e r o l e o f  s t a p l e  

s t r e n g t h  i n  s he e p  b r e e d i n g p o l i c i e s ( Ra e , 1 9 8 2 ;  R o s s  e t  

a l . ,  1 9 8 2 ;  B i g h a m  e t  a l . , 1 9 8 3 ;  W i c k ha m  a nd McP h e r s o n , 

1 9 8 5 ) . The i n c l u s i o n o f  s t a p l e  s t r e n g t h as a s e l e c t i o n 

c r i t e r i o n i n  s h e e p  i mpr o v e me n t p r o g r a mme s ( r a t h e r  t h a n  a s  a 

c o mmo n l y a c c e p t e d  s e l e c t i o n o b j e c t i ve ) r e q u i r e s  k n o w l e d g e  
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o f  i t s g e n e t i c  a nd p h e n o t yp i c  r e l a t i o n s h i p s t o  o t h e r 

p r o d u c t i ve c ha r a c t e r s  ( w i t h i n  a g e ) a nd t o  s t a p l e  s t r e n g t h  

a nd f l e e c e  t r a i t s o ve r t h e  s he e p ' s  l i f e t i me .  T h e  

h e r i t a b i l i t y  o f  va r i o u s  me a s u r e s  o f  s t a p l e  s t r e n g t h  s h o u l d  

a l s o  b e  a s s e s s e d . I f  a p o s i t i ve g e n e t i c c o r r e l a t i o n e x i s t s 

b e t we e n  f l e e c e we i g h t  a nd s t a p l e  s t r e ng t h  t h e n  c o r r e l a t e d  

r e s p o n s e s  i n  s t a p l e s t r e ng t h  s h o u l d a c c o mpa ny s e l e c t i o n f o r 

f l e e c e we i g h t . As s t a p l e  s t r e ng t h  me a s u r e me nt i s  b o t h  

t e d i o u s  a n d  e x p e n s i ve i nd i r e c t  s e l e c t i o n f o r  s t a p l e  

s t r e n g t h ,  e i t he r  t h r o u g h  f l e e c e we i g h t  o r  a s s o c i a t e d  wo o l  

g r o wt h  c ha r a c t e r i s t i c s ,  ma y o bv i a t e  t h e  n e e d  t o  t e s t  s ta p l e  

s t r e ng t h  o n  a w i d e s p r e a d ba s i s . 

H e r i t a b i l i t y e s t i ma t e s  f o r  s t a p l e  s t r e n g t h  h a v e  b e e n  

mod e r a t e  t o  h i g h ( 0 . 2 - 0 . 6 )  ( B i g h a m  e t  a l . ,  1 9 8 3 ;  B i gham 

1 9 8 4 ) s ugg e s t i ng that s ta p l e  s t r e ng t h  s h o u l d r e s p o n d  to 

d i r e c t  s e l e c t i o n .  H o we ve r ,  the c o s t s  o f  me a s u r e me n t c o u l d  

p o s s i b l y  e xc e e d  t he b e n e f i t s  f r om s e l e c t i o n .  C h o p r a  ( 1 9 7 9 ) 

p r o d u c e d  e s t i ma t e s  o f  t h e  he r i t a b i l i t y o f  h a nd - p u l l  g r a d e  

i n  R o mn e y  h o g g e t s  r a n g i ng f r o m 0 . 0  t o  0 . 2 2 .  

P o s i t i ve g e n e t i c  c o r r e l a t i o n s  b e t we e n  s t a p l e  s t r e ng t h  a n d  

g r e a s y  f l e e c e we i g h t  o f  0 . 3  h a v e  b e e n  r e p o r t e d  by B i gham 

( 1 9 8 4 ) wh i l e C h o p r a  ( 1 9 7 9 ) c a l c u l a t e d  a g e n e t i c  c o r r e l a t i o n 

o f  0 . 7 4 b e t we e n  ha nd - p u l l  g r a d e  a nd f l e e c e we i g h t . G i v e n  

h e r i t a b i l i t i e s  o f  0 . 3  a nd 0 . 4  f o r  g r e a s y  f l e e c e we i g h t  a n d  

s t a p l e  s t r e n g t h  r e s pe c t i ve l y ,  a nd g e n e t i c  c o r r e l a t i o n s  o f  

0 . 3  t o  0 . 7 , i nd i r e c t  s e l e c t i o n f o r s t a p l e  s t r e n g t h  w o u l d  b e  

2 5 % t o  6 0 % a s  e f f i c i e n t a s  d i r e c t s e l e c t i o n . Ba s e d  o n  

s e l e c t i o n p r a c t i c e s  i n  t h e  Ma s s e y  U n i ve r s i t y  P T  f l e e c e we i gh t  

s e l e c t i o n f l o c k  ( B l a i r ,  1 9 8 6 ) ,  t h e  pa r a me t e r s  a b o v e  s h o u l d  

r e s u l t  i n  c o r r e l a t e d  r e s p o n s e s  o f  1 . 7  N / k t e x  o r  0 . 2  u n i t s  

o f  h a nd - p u l l  g r a d e  p e r g e n e r a t i o n . 

T h e  e f f e c t i ve n e s s  o f  a ny s t a p l e  s t r e n g t h  s e l e c t i o n p r o g r a mme 

i n  r a i s i ng t h e  l e ve l o f  s t r e ng t h  i n  t h e  e n t i r e  R o mc r o s s  

c l i p ma y a l s o  d e p e nd o n  t h e  g e n e t i c  a nd p h e n o typ i c  
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c o r r e l a t i o n s  be t we e n  h o g g e t  a nd a d u l t  s t a p l e  s t r e n g t h . 

T h e s e  c o r r e l a t i o n s  ma y b e  i n f l ue nc e d  b y  t h e  r e l a t i ve 

s he a r i n g d a t e s  a t  b o t h  a g e s . S t r e ng t h  o f  pr e - l a mb s h o r n  

w o o l s  c o u l d p o s s i b l y  r e s u l t  mo r e  f r om d i f f e r e n c e s  i n  

a v e r a g e  f i b r e  p r o pe r t i e s  t h a n  o n  d i f f e r e nc e s  i n  w i n t e r  wo o l  

g r o wt h . T h e  c o r r e l a t i o n b e t we e n  ma x i mu m  a nd m i n i mu m  s t a p l e  

s t r e n g t h  i s  l o w ( . 2 6 ) a nd o f  va r y i ng s i g n i f i ca n c e  ( R o s s , 

1 9 6 5 ;  R o s s  a nd M e i k l e ,  1 9 8 5 ) . Ave r a g e  w i n t e r  wo o l  g r o w t h  

ma y c o n t r i b u t e  l e s s  t o  s t a p l e  s t r e n g t h  i n  p o s t - l a mb s h o r n  

wo o l s  t h a n  t h e  p r e s e n c e  o f , o r  r e s p o n s e  t o ,  s h o r t  t e r m  

n u t r i t i o n a l o r  p h ys i o l o g i ca l  s t r e s s . 

8 . 1 . 6  O b j e c t i ve s  o f  t he c u r r e n t t r i a l  

( 1 ) t o  e xa m i n e  
'tn stqple str-e.ng-fh 

t he c o r r e l a t e d  r e s p o n s e sA t o  s e l e c t i o n 

f o r h i g h g r e a s y  f l e e c e we i g h t  i n  Ma s s e y  U n i ve r s i t y ' s  R o mne y  

f l e e c e we i g h t  s e l e c t i o n f l o c k  ( B l a i r  e t  a l . ,  1 9 8 5 ) ;  

( 2 )  t o  q u a n t i f y t h e  i mp o r t a n c e  o f  s o u r c e s  o f  v a r i a t i o n ·l h stqple 
st,-qr:Jfh s uc h  a s  s h e e p ,  s i r e  a nd s e l e c t i o n l i n e ; 

( 3 )  t o  r e l a t e  t h e  o b j e c t i ve me a s u r e s  o f  s t a p l e  s t r e n g t h  

i n  h o g g e t f l e e c e  wo o l  t o  t h e i r  k n o wn mo n t h l y  pa t t e r n s o f  

wo o l  g r o wt h ;  

( 4 )  t o  d e t e r m i n e  t h e  r e l a t i o n s h i p  be t we e n  h a n d - p u l l  

g r a d e  a nd s ta p l e  s t r e n g t h ; 

( 5 ) t o  d e t e r m i n e  t h e  r e l a t i o n s h i p  be t we e n  e we h o gg e t 

a nd t wo - t o o t h  s t a p l e  s t r e n g t h . 
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8 . 2  MATER I AL S  AN D MET H O D S  

8 . 2 . 1  E xpe r i me n t a l p l a n  

S ta p l e s  f r om a m i d s i d e  s a mp l e  o f  t h e  h o gg e t f l e e c e  f r o m 

1 9 8 4 - b o r n  r a ms a nd e we s ,  o f  t h e  f l e e c e we i g h t - s e l e c t e d  ( F W )  

a nd c o n t r o l  ( C )  l i n e s ,  we r e  t e s t e d  f o r ma x i mum l oa d  o n  a 

H o u n s f i e l d t e n s ome t e r . T h e s e  s he e p  h a d  c omp l e t e  r e c o r d s  o n  

mo n t h l y  wo o l  g r o wt h  ( Ch a p t e r  5 ) . T h e  s ta p l e s  u s e d  h a d  b e e n  

d ye - b a n d e d  mo n t h l y  a n d  we r e  r e mo v e d  o n  1 7  O c t o b e r 1 9 8 5  j us t  

p r i o r  t o  h o g g e t s h e a r i ng .  R e p l a c e me n t FW a nd C e we s  p r e s e n t 

i n  t h e  f l o c k  a s  t wo - t o o t h  e we s  i n  1 9 8 6  we r e  m i d s i d e  s a mp l e d  

a t  e we s h e a r i n g o n  2 1  O c t o b e r  1 9 8 6 . S ta p l e s  f r o m t h i s  

m i d s i d e  s a mp l e  we r e  a l s o  t e s t e d  f o r ma x i mu m  l oa d . T h e  

n umb e r s  o f  F W  a nd C e we a nd r a m  h o gg e t s  t e s t e d  a r e  g i ve n  i n  

Ta b l e  8 . 1 a s  a r e  t h e  n u mb e r s  o f  F W  a nd C e we s  r e - t e s t e d a s  

t wo - t o o t hs . 

8 . 2 . 2  Equ i pme n t u s e d  

A H o u n s f i e l d t e n s o me t e r , o r i g i na l l y e q u i p p e d  w i t h  a s pr i n g ­

l oa d e d  me r c u r y  ma nua l r e a d o u t  a nd mo t o r  d r i ve u n i t ,  wa s 

mod i f i e d t o  a l l ow a u t oma t i c  r e c o r d i n g o f  t h e ma x i mu m  l oa d . 

T h e  mod i f i e d ma c h i ne wa s s e t  u p  a s  i l l us t r a t e d  s c h e ma t i c a l l y 

i n  F i g u r e  8 . 1 . T h e  s p r i n g - l o a d e d  s c a l e  wa s d i s c o n n e c t e d  a nd 

a n  e l e c t r o n i c  e x pa ns i o n - c e l l  wa s i n s e r t e d  be t we e n  t h e  f r a me 

o f  t h e  ma c h i ne a nd t h e  f i x e d  wo o l  c l a mp . The e x p a n s i o n - c e l l  

wa s c o n n e c t e d  t o  a n  AG - 3 0 0  d i g i ta l  d i s p l a y  un i t  wh i c h 

t r a n s l a t e d  t h e  a n a l o g u e  s i g na l s  f r om t h e  e x pa n s i o n - c e l l  t o  

d i g i t a l  s i gna l s . T h e  AG - 3 0 0  p r o v i d e d  a v i s ua l  d i s p l a y  o f  

t h e  l oa d  s u s ta i ne d  by t h e  s t a p l e  a s  i t  wa s b e i n g p u l l e d . 

An E p s o n  HX - 2 0  p o r ta b l e  mi c r o - c omp u t e r  r e c e i ve d  l oa d  

mea s u r e me n t s  f r o m t h e  AG - 3 0 0  a t  t h e  r a t e  o f  4 p e r  s e c o n d  

a nd wa s p r o g r a mme d t o  a u t o ma t i c a l l y r e c o r d  t he ma x i mu m  

l o ad . S t a p l e s  we r e  p u l l e d b y  a mo t o r - d r i v e n  s ha f t  a t  t h e  

r a t e  o f  5 c m  p e r  mi n u t e  s u c h  t h a t  b e t we e n  2 5 0  a nd 5 0 0  t o t a l 

l o ad me a s u r e me n t s  we r e  r e c e i ve d . 
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8 . 2 . 3  Me a s u r e me n t o f  s t a p l e  s t r e ng t h  

A l l me a s u r e me n t s  we r e  t a k e n  i n  a h u m i d i t y c o n t r o l l e d  

l a b o r a t o r y  ( 2 0 ± 2 ° C ,  6 8 ± 2 %R H ) . T e n s t a p l e s  f r o m t h e  g r e a s y  

m i d s i d e  s a mp l e  we r e  s e l e c t e d  f or t e s t i ng .  P r i o r t o  

me a s u r i ng t h e s e  s ta p l e s ,  a n  a dd i t i o na l s t a p l e  wa s b r o k e n  b y  

h a nd - p u l l t o  d e t e r m i n e  t h e  r e g i o n  o f  b r e a k . B u t t  e nd s  o f  

t h e  s t a p l e s  we r e  s e c u r e l y  c l a m p e d  b e t we e n  t h e  f i x e d  j a ws 

a nd t h e  s t a p l e  t i p  wa s s e c u r e d  i n  t h e  mo va b l e  j a ws . S t a p l e s  

we r e  p o s i t i o n e d  s o  t h a t t h e  a r e a  o f  b r e a k  wo u l d  b e  w i t h i n  

t h e  8 c m  t e s t e d  r e g i o n . 

S ta p l e s  we r e  e x t e nd e d  u n t i l  t h e  l oa d  d i s p l a ye d  o n  t h e  AG - 3 0 0  

h a d  v i s i b l y d e c r e a s e d  f r o m ma x i mum a nd s t a p l e s  s h o we d  

e v i d e nc e  o f  b r e a k a g e . F i br e s  f r om b e t we e n  t h e  j a ws we r e  c u t  

f r e e  a nd we i g h e d  t o  t he n e a r e s t  mg . I f  f i b r e  s l i p p a g e  wa s 

e v i d e n t d u r i n g t h e  p u l l  t h e  s t a p l e  wa s r e moved a nd t h e  

me a s u r e me n t s  d i s c a r d e d . C l e a n  we i g h t  o f  wo o l  t e s t e d  wa s 

e s t i ma t ed f r o m t h e  c l e a n  y i e l d o f  m i d s i d e  s a mp l e s  t a k e n  a t  

s he a r i ng .  Ma x i mum l oa d  wa s e x p r e s s e d i n  N/ k t e x .  

S ta p l e  s t r e n g t h  a nd m o n t h  o f  s ta p l e  b r e a k  o f  h o g g e t  s a mp l e s  

we r e  a l s o  e s t i ma t e d  b y  h a nd - p u l l .  H a nd - p u l l  s t r e ng t h  

g r a d e s  we r e  o n  a s ca l e  o f  1 t o  9 .  A s i ng l e  va l u e  wa s 

r e c o r d e d  a f t e r  1 t o  4 s t a p l e s  we r e  b r o k e n  by h a n d . T h e  

d e s c r i pt i o n o f  t h e s e  h a n d - p u l l  g r ad e s  i s  g i ve n  i n  Ta b l e  

8 . 2 .  M o n t h  o f  b r e a k  wa s d e t e r m i ne d  b y  ha nd - b r e a k i ng a t  

l e a s t  t h r e e  dye - b a n d e d  s t a p l e s  p e r  s h e e p . I n  c a s e s  wh e r e  

s ta p l e s  b r o k e  i n  a d i f f u s e  a r e a  t h e  mo n t h  i n  t h e  c e n t r e  o f  

t h e  b r e a k  r e g i o n wa s r e c o r d e d . 

8 . 2 . 4  S ta t i s t i ca l  me t h od s  

A n u mbe r o f  l i n e a r  mo d e l s  we r e  u s e d  t o  a na l yz e  s t a p l e  

s t r e n g t h  a nd hand - p u l l  g r a d e  d a ta . T h e  f i r s t  mod e l  ( 8 . 1 )  

i nc l ud e d  i nd i v i d ua l s t a p l e  me a s u r e me n t s  t o  e na b l e  t h e  
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e s t i ma t i o n o f  w i t h i n - a nd b e t we e n - s he e p  va r i a n c e s .  T h i s  

mo d e l i g n o r e d f i xe d  e f f e c t s  o t h e r  t ha n  s e x  a nd s e l e c t i o n 

l i ne a s  i t  wa s t h o u g h t  t h a t  c o r r e c t i o n f a c t o r s  b a s e d  o n  

mu l t i p l e  r e c o r d s  m i g h t  n o t  n e c e s s a r i l y r e f l e c t c o r r e c t i o n  

f a c t o r s  b a s e d  o n  s h e e p  me a n s . T h e  s e c o nd mod e l ( 8 . 2 ) wa s 

u s e d  t o  e s t i ma t e  s i r e  a nd e r r o r va r i a n c e s  f o r h a nd - p u l l  

g r ad e , mo n t h  o f  b r e a k  a nd s he e p  me a n  va l ue s  f o r  s t a p l e  

s t r e ng t h . T h i s  mod e l  i nc l ud e d  f i xe d  e f f e c t s  wh i c h h a d  b e e n  

f o u nd , i n  p r e l i m i na r y  a na l ys e s , t o  h a v e  s i gn i f i ca n t  e f f e c t s 

o n  o n e  o r  mo r e  o f  t h e  t r a i t s s t ud i e d . M od e l  8 . 3  wa s 

d e s i g n e d  t o  o b ta i n  l e a s t  s q ua r e s  me a n s  f o r  s t a p l e  s t r e ng t h  

a n d  wo o l  g r o wt h  c ha r a c t e r i s t i c s i n  e a c h  hand - p u l l  g r a d e  

c l a s s  i n  o r d e r t o  a s s e s s  t h e i r  e f f e c t o n  s u b j e c t i ve 

s t r e ng t h  c l a s s e s . T h e  f i na l  mod e l ( 8 . 4 ) wa s u s e d  t o  

e s t i ma t e  t he r e g r e s s i o n o f  t wo - t o o t h  s t a p l e  s t r e ng t h  o n  

h o g g e t  s t a p l e  s t r e n g t h  a f t e r  a d j u s t me nt f o r t wo - t o o t h  

l a mb i n g s ta t us . 

T h e  r e p e a t a b i l i t y a nd h e r i t a b i l i t y o f  s ta p l e  s t r e n g t h  a c r o s s  

1 0  s ta p l e s  f r om e a c h  s h e e p  wa s e s t i ma t e d  i n  t h e  f o l l o w i n g 

n e s t e d  m o d e l :  

M od e l  8 . 1 

wh e r e ,  

y � � k � = = t h e  o b s e r ve d  s t a p l e  s t r e n g t h  o f  t h e  mt h  s t a p l e  
f r om t h e  l t h  s h e e p  i n  e a c h  i t h  s e x ,  j t h  l i n e  
a n d  j k t h s i r e  c l a s s , 

J.L = a n  o ve r a l l  me a n ,  

t �  = t h e  f i x e d  e f f e c t  o f  t h e  i t h  s e x ,  

l �  = t h e  f i x e d  e f f e c t  o f  t he j t h  s e l e c t i o n l i n e , 

S � k  = t h e  r a n d o m  e f f e c t  o f  t h e  k t h  s i r e  w i t h i n  
e a c h  j t h  s e l e c t i o n l i n e , 

s h � � k �  = t h e  r a nd o m  e f f e c t  o f  t h e  l t h  s h e e p  o f  s e x  i 
w i t h i n  e a c h  j k t h s i r e  s u bc l a s s , a nd 



1 6 1  

e � � k � = = t h e  r a nd o m  r e s i d ua l a s s o c i a t e d  w i t h  e a c h  mt n 

s t a p l e  f r om t h e  l t h  s h e e p  i n  e a c h  i t h  s e x ,  j t h  
l i n e  a nd j k t h  s i r e  c l a s s . 

Va r i a n c e  c omp o n e n t s  f o r  r a nd o m  s i r e  a nd s h e e p  c o mp o n e n t s  

we r e  o b t a i ne d  b y  e q ua t i ng e a c h  me a n  s q ua r e  t o  i t s 

e xp e c t a t i o n wh e r e : 

e r r o r  va r i a nc e ( a 2  e 

s he e p  va r i a n c e ( �� 
) = Er r o r Me a n  S qu a r e  ( EM S ) ,  

= ( S h e e p  M S - E M S ) I 1 0 . ,  

s i r e  va r i a n c e ( S i r e  M S - E M S  - 1 0  a . �  ) ) / 1 5 3 . 0 9 ,  

h e r i ta b i l i t y ( h 2 ) = ( 

r e p e a t a b i l i t y ( R 2 ) = I 
) , a n d  

S i r e  a nd e r r o r  va r i a nc e s  f o r  ha nd - p u l l  g r ad e , mo n t h  o f  b r e a k  

a nd s h e e p  me a n  s t a p l e  s t r e ng t h  we r e  o b t a i n e d  f r om t h e  

f o l l o w i ng m o d e l :  

M od e l 8 . 2  

wh e r e , 

y � � k � =n = t h e  o b s e r ve d  s t a p l e  s t r e n g t h / h a nd - pu l l  g r a d e  o r  
mo n t h  o f  b r e a k  o f  t h e n t h  s h e e p  b e l o n g i ng t o  

)l = 

b �  = 

whe r e ,  

x � � k � rnn 

r � 

d � 

t k  

l � 

t o  t h e  rnt h  s i r e ,  l t h  s e l e c t i o n l i n e , k t h  s e x , 
j t h  d a rn  a g e  a nd i t h  b i r t h r a n k c l a s s e s ,  

o ve r a l l  me a n ,  

r e g r e s s i o n c o e f f i c i e n t  o f  Y � � k � mn o n  x � � k � rnn 

= o bs e r ve d  i nd i v i d ua l  b i r t hd a t e , 

= f i x e d  e f f e c t  o f  t h e i t h  b i r t h r a n k  c l a s s , 

= f i x e d  e f f e c t  o f  t h e  j t h  a g e  o f  d a rn  c l a s s , 

= f i x e d  e f f e c t  o f  t h e  k t h  s e x ,  

= f i x e d  e f f e c t  o f  t h e  l t h  s e l e c t i o n l i n e , 
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s � = = r a n d o m  e f f e c t  o f  t h e  mt h s i r e  w i t h i n  e a c h  l t h 
s e l e c t i o n l i n e , a nd 

e � � k � mn = r a n d o m  r e s i d ua l a s s o c i a t e d  wi t h  t h e  i j k l mn t h 
o bs e r va t i o n . 

E q ua t i ng e a c h  me a n  s q u a r e  t o  i t s e x p e c t a t i o n y i e l d e d : 

e r r o r  va r i a n c e  

s i r e  va r i a n c e  � 2 
s 

a nd h e r i ta b i l i t y ( h 2 ) 

= E r r o r  M e a n  S qu a r e  ( EM S ) ,  

= ( S i r e  M S  - E M S ) I 1 5 . 3 0 9 , 

= ( 4crt ) I ( cr2  s 

C o r r e l a t i o n s  be t we e n  b i r t h  d a t e , b i r t h  r a n k , d a m  a g e  a nd s e x  

c o r r e c t e d  r e s i d u a l s  f o r s t a p l e  s t r e ng t h  a nd wo o l  g r o wt h  

c ha r a c t e r i s t i c s we r e  c a l c u l a t e d  w i t h i n  s e l e c t i o n  l i n e a nd 

t e s t e d  f o r h omoge n e i t y a nd p o o l e d , i f  h omoge neo u� b y  z ­

t r a n s f o r ma t i o n a c c o r d i n g t o  S t e e l e a nd T o r r i e  ( 1 9 8 0 ,  p 2 8 2 ) .  

L e a s t  s q ua r e s  me a n s  f o r s t a p l e  s t r e ng t h  a nd wo o l  g r o w t h  

c ha r a c t e r s  b y  ha nd - p u l l  g r a d e  c l a s s  we r e  o b t a i n e d  f r o m t h e  

f o l l ow i ng m o d e l :  

M od e l 8 . 3  

wh e r e , 

y � � k � mn = a n  o bs e r va t i o n o f  s t r e ng t h  o r  wo o l  g r o w t h  
c h a r a c t e r i s t i c 
o n  t h e  n t h s h e e p  o f  s e x  k ,  s e l e c t i o n l i n e  1 ,  d a m  
a g e  j a nd b i r t h r a n k  i a nd h a n d - p u l l  g r a d e  k ,  

� = a n  o ve r a l l  me a n ,  

b �  = t h e  r e g r e s s i o n c o e f f i c i e n t  o f  y � � k � =n o n  x � � k � mn 
wh e r e , 

x � � k � mn = a n  o b s e r v e d  i nd i v i d ua l b i r t hd a t e , 

r �  = t h e  f i x e d  e f f e c t  o f  t h e  i t h b i r t h r a nk c l a s s , 
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d :;j  = t h e  f i xe d  e f f e c t  o f  t h e  j t h a g e o f  d a m  c l a s s , 

t k  = t h e  f i x e d  e f f e c t  o f  s e x  k , 

1 �  = t h e  f i xe d  e f f e c t  o f  s e l e c t i o n l i n e 1 ,  

h rn = t h e  f i x e d  e f f e c t  o f  h a nd - p u l l  g r a d e  m ,  a nd 

e J. :;j k � rnn = t h e  r a nd o m  r e s  i d ua 1 a s s o c i a t e d  w i t h  a n  
o b s e r va t i o n o n  t h e  n t h s h e e p  o f  s e x  k , s e l e c t i o n 
l i n e  1 a nd h a nd - p u l l  g r a d e  m .  

T wo - t o o t h  a nd h o g g e t s t a p l e  s t r e n g t h  we r e  a n a l ys e d a c c o r d i n g 

t o  t h e  f o l l o w i ng mod e l ,  whe r e  l a mb i n g s ta t us l =d r y , 

2 = s i n g l e  a nd 3 = t wi n s : 

M od e l 8 . 4  

wh e r e ,  

y J. :;j k  = a n  o b s e r ve d  s t a p l e  s t r e ng t h  o n  t h e  k t h t wo - t o o t h  
e we o f  l a mb i n g s t a t u s  i a nd s e l e c t i o n l i n e  j ,  

M = a n  o v e r a l l  me a n ,  

p J.  = t h e  f i xe d  e f f e c t  o f  t wo - t o o t h  l a mb i ng s t a t u s , 

1 "  = t he f i xe d  e f f e c t  o f  s e l e c t i o n l i ne j ,  

b �  = t h e  l i n e a r  r e g r e s s i o n c o e f f i c i e n t  o f  y J. :;j k �  o n ,  

X J. :;j k  = t he o b s e r ve d  h o g g e t  s t a p l e  s t r e n g t h ,  a n d  

e J. :;j k  = t h e  r a nd o m  r e s i d ua l  a s s o c i a t e d  w i t h t he k t h 

t wo t o o t h  e we o f  l a mb i ng s ta t u s  i f r o m s e l e c t i o n 
l i n e  j .  



8 . 3  R E S UL T S  

8 . 3 . 1  S o ur c e s  o f  v a r i a t i o n i n  ha nd - pu l l  g r a d e  a nd s t ap l e 

s t r e ng t h  o f  h o gge t s a mp l e s  

1 6 4  

N e i t h e r  h a n d - p u l l g r a d e  ( PU L L ) n o r  s t a p l e  s t r e ng t h  ( S TR ) 

we r e  s i gn i f i ca n t l y  a f f e c t e d  b y  b i r t h  da t e  o r  a g e  o f  d a rn  

( F i g u r e  8 . 3 ) . H a nd - p u l l  g r a d e  d i d n o t  d i f f e r  b e t we e n  

s i ng l e - a nd t w i n - b o r n  l a mb s  b u t  s ta p l e  s t r e n g t h  wa s 

s i g n i f i ca nt l y  g r e a t e r  i n  s i n g l e - t ha n  i n  t w i n - b o r n h o gg e t s  

( 2 5 . 7 ± 1 . 9  vs . 2 1 . 8 ± 1 . 7  N / k t e x ) .  Ram a nd e we h o g g e t s  d i d n o t  

d i f f e r  i n  s ta p l e  s t r e ng t h  b u t  ha nd - p u l l  g r a d e  wa s g r e a t e r  

i n  e we h o gge t s  ( 6 . 0 4 ± 0 . 2 0 vs . 5 . 1 5 ± 0 . 2 1 ) . N o  i n t e r a c t i o n s  

e x i s t e d  b e t we e n  t he f i xe d  e f f e c t s  o f  s e x ,  s e l e c t i o n l i ne ,  

b i r t h  r a n k  o r  d a rn  a g e  a nd t h e  r e g r e s s i o n o f  S TR o r  P U L L  o n  

b i r t hd a t e  wa s h om o g e n e o u s  a c r o s s  a l l  f i xe d  e f f e c t s . I n  

o r d e r t o  mo r e  r e ad i l y c o mpa r e  s t r e n g t h  a nd woo l g r o wt h  

va r i a b l e s  a l l  s u b s e q u e n t  a na l ys e s , u n l e s s  o t h e r w i s e  s t a t e d ,  

r e f e r  t o  d a t a  c o r r e c t e d  f o r  t h e  f i x e d  e f f e c t s  a b o ve . 

A l t h o ug h  darn a g e  a n d  b i r t h d a t e  d i d n o t  s i g n i f i c a n t l y  a f f e c t  

e i t h e r  PULL o r  S TR t h e y  we r e  i nc l ud e d  i n  s u bs e q u e n t  

a na l ys �s i n  o r d e r t o  o b t a i n  s t a p l e  s t r e n g t h  me a s u r e s  

c o r r e c t e d  f o r  t h e  s a me e f f e c t s a s  ma ny o f  t h e  wo o l  g r o wt h  

c h a r a c t e r i s t i c s . 

As s h o wn i n  Ta b l e  8 . 3  s t a p l e  s t r e n g t h  wa s s i g n i f i c a n t l y  

g r e a t e r  i n  F W  t h a n  i n  C h o g g e t s  ( . 0 1  < p < . 0 5 ,  R 2 = 1 1 . 5 % )  

b u t  d i f f e r e n c e s  i n  h a nd - pu l l  g r a d e  we r e  n o t  c l e a r l y  

s i g n i f i ca n t  ( . 0 5 < p < . 1 0 ,  R 2 = 1 7 . 7 % ) . S e l e c t i o n l i n e  

a c c o u nt e d  f o r  4 . 5 % a nd 1 . 9 % o f  t h e  t o t a l s u ms o f  s q ua r e s  

f o r s t a p l e  s t r e ng t h  a nd h a nd - p u l l g r a d e , r e s p e c t i v e l y . T h e  

d i s t r i b u t i o n s  o f  s t a p l e  s t r e n g t h  a nd ha n d - pu l l g r a d e  i n  FW 

a nd C s h e e p  a r e  g i ve n  i n  F i g u r e s  8 . 2  ( a , b ) . 

T h e  e f f e c t  o f  s i r e  ( w i t h i n  l i n e ) wa s s i g n i f i c a n t f o r s t a p l e  

s t r e n g t h  ( 0 . 0 1 < p < 0 . 0 5 )  a nd ha nd - p u l l  grad e ( 0 . 0 1 < p < 

0 . 0 5 ) . The p r o p o r t i o n s  o f  t he t o t a l s ums o f  s q ua r e s  
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a c c o u n t e d  f o r  by f i xe d  e f f e c t s , s e l e c t i o n l i n e  a nd s i r e  

w i t h i n  s e l e c t i o n l i n e  a r e  s h o wn i n  F i g u r e s  8 . 3  ( a , b )  a l o n g  

w i t h  t h e  r e l e va n t  s ums o f  s q u a r e s . T h e  h e r i t a b i l i t y o f  

s t a p l e  s t r e n g t h  wa s 0 . 4 7 ± 0 . 3 4 f r o m s i r e  a nd e r r o r  v a r i a n c e s  
respecfive/!) 

o f  1 3 . 5 7 9 8  ( N / k t e x ) 2  a nd 1 0 2 . 3 3 9 8  ( N / k t e x ) � . T h e  

h e r i ta b i l i t y o f  h a nd - p u l l  g r a d e  wa s 0 . 3 8 ± 0 . 3 0 f r om s i r e  a nd 
re�clive/l/ 

e r r o r  va r i a n c e s  o f  0 . 1 4 0 4  ( c l a s s e s ) 2  a nd 1 . 3 4 4 8  ( c l a s s e s ) A . J 

T h e  r e l a t i ve l y l a r g e  s t a nd a r d  e r r o r s  a r e  l i k e l y  d u e  t o  t h e  

s ma l l  n umb e r  o f  s i r e s  r e p r e s e n t e d  i n  t h e  d a ta . 

U s i ng s t a p l e  s t r e n g t h s  f r o m a l l  1 0  me a s u r e d  s t a p l e s  p e r  

s h e e p  y i e l d e d  va r i a n c e  e s t i ma t e s  o f  1 0 5 . 7 3 ( N / k e x t ) 2  

b e t we e n - a nd 3 0 . 3 2 ( N/ k t e x t ) 2  w i t h i n - s h e e p  t o  g i ve a n  

a c r o s s  s t a p l e  r e pe a t a b i l i t y o f  7 7 . 7 % .  

S i r e  v a r i a n c e  i n  t h i s  mod e l ,  wh i c h wa s u nc o r r e c t e d  f o r  f i x e d  

e f f e c t s  o t h e r t h a n  s e x ,  wa s 1 0 . 8 9 ( N/ k t e x ) 2  y i e l d i ng a 

h e r i t a b i l i t y o f  0 . 3 0 ± 0 . 2 6 . T h e  p r o p o r t i o n s  o f  t h e t o t a l  

s u ms o f  s q ua r e s  a c c o u n t e d  f o r  b y  s t a p l e s  w i t h i n  s he e p ,  

s h e e p ,  s i r e ,  s e l e c t i o n l i n e a nd s e x  i n  M od e l 8 . 1 a r e  g i ve n  

i n  F i g u r e  8 . 3 ( c )  a l o n g  w i t h  t h e  r e l e va n t  s u ms o f  s q u a r e s . 

8 . 3 . 2  S i r e  a nd s e l e c t i o n l i n e e f f e c t s  o n  s t apl e s t r e ng t h  a nd 

t h e i r  r e l a t i o ns h i p t o  t h e  s e a s o na l  pa t t e r n  o f  h ogge t wo o l  

gr o wt h . 

S e l e c t i o n l i n e l e a s t  s q ua r e s  me a n s  ( f r om M o d e l 8 . 2 )  f o r S TR ,  

P U L L  a nd t he f l e e c e  c h a r a c t e r i s t i c s i nc l ud i ng : 

W i n t e r  wo o l  gr o w t h  t r a i t s : 

- l o we s t  mo n t h l y  f i b r e  d i a me t e r  ( L F D ) , 
- l o we s t  mo n t h l y  c l e a n  wo o l  g r owt h p e r  day ( L C P D ) ,  
- l o we s t  mo n t h l y  l e n g t h  g r o wt h  r a t e  pe r d a y ( L L P D ) ; 

Amp l i t u d e  t r a i t s : 

- a mp l i t u d e  o f  f i b r e  d i a me t e r  ( F DAMP ) ,  
- a mp l i t ud e  o f  c l e a n  wo o l  g r o wt h  ( CP DAMP ) ,  
- a mp l i t u d e  o f  l e ng t h  g r o wt h  r a t e  ( L P DAMP ) ;  



1 6 6  

Ave r age wo o l  gr o wt h  t r a i t s : 

- me a n  a n n u a l f i b r e  d i a me t e r  ( MF D ) ,  
- g r e a s y  f l e e c e we i g h t  ( GFW ) , 
- c l e a n  f l e e c e we i g h t  ( CF W ) , 
- s t a p l e  l e n g t h  ( S L ) ; 

' Mo n t h  o f ' t r a i t s : 

- mo n t h  o f  s t a p l e  b r e a k  ( MB ) , 
- mo n t h  o f  l o w e s t  f i br e  d i a me t e r  ( ML F D ) ,  
- mo n t h  o f  l o we s t  c l e a n  wo o l  g r o wt h  ( ML CP D ) ,  
- mo n t h  o f  l o w e s t  l e n g t h  g r o wt h  r a t e  ( ML L P D ) 

a r e  g i ve n  i n  T a b l e  8 . 3  a l o ng w i t h  t h e i r  s t a nd a r d  e r r o r s . 

I n  o r d e r  t o  a s s e s s  t h e c o n t r i b u t i o n o f  t h e s e  wo o l  g r o wt h  

c ha r a c t e r i s t i c s t o  s e l e c t i o n l i ne d i f f e r e n c e s  i n  s t a p l e  

s t r e n g t h , t h e  s i mp l e  c o r r e l a t i o n s  a mo n g  a l l  v a r i a b l e s  we r e  

f i r s t  e xa m i n e d  w i t h i n  e a c h  s e l e c t i o n l i n e . An u p pe r ­

d i a g o n a l ma t r i x  o f  p o o l e d ( wh e r e  h o mo g e n e o u s ) a nd w i t h i n ­

l i ne ( wh e r e  h e t e r o g e n e o u s ) c o r r e l a t i o n  c o e f f i c i e n t s  i s  

p r e s e n t e d  i n  Ta b l e  8 . 4 .  H e t e r o g e n e o us w i t h i n - l i n e 

c o r r e l a t i o n s  e x i s t e d  mo s t  p r e d om i n a n t l y  i n  t h e  

var i a b l e s  s uc h  a s  M B , MLF D , M L C P D  a nd M L L P D . 

' mo n t h  o f ' 

An e xa m i na t i o n  o f  t h e  f i r s t  t wo r o ws o f  Ta b l e  8 . 4  s h o ws t h a t  

w i nt e r  wo o l  g r o wt h  t r a i t s  had t h e  h i gh e s t  c o r r e l a t i o ns w i t h  

s ta p l e  s t r e ng t h  ( 0 . 3 8 t o  0 . 4 2 ) . C o r r e l a t i o ns b e t we e n  s t a p l e  

s t r e n g t h  a nd a mp l i t u d e  t r a i t s we r e  o f  s i m i l a r  ma g n i t ud e  b u t  

o p p o s i t e s i g n  t o  t h o s e  o f  w i n t e r  wo o l  g r o wt h  t r a i t s ( - 0 . 3 4 

t o  - 0 . 4 4 ) . Ave r a g e  w o o l  gr o wt h  t r a i t s we r e  p o s i t i ve l y  

c o r r e l a t e d  t o  s t a p l e s t r e n g t h  ( 0 . 1 9 t o  0 . 2 7 ) . ' Mo n t h  o f ' 

t r a i t s ,  w i t h  t h e  e x c e pt i o n o f  MLL P D  i n  F W  s he e p ,  we r e  n o t  

s i g n i f i ca n t l y  r e l a t e d t o  s ta p l e s t r e ng t h . T h e  c o r r e l a t i o n s  

b e t we e n  PUL L a nd w o o l  gr owt h  me a s u r e s  we r e  ve r y  s i m i l a r  t o  

t h o s e  j u s t  p r e s e n t e d . C o r r e l a t i o n s  among wo o l  g r o wt h  

c h a r a c t e r s  h a v e  b e e n  p r e s e n t e d  a nd d i s c u s s e d  i n  e a r l i e r  

s e c t i o ns . 
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T h e  c o n t r i bu t i o n  o f  va r i o u s  wo o l  g r o wt h  c h a r a c t e r i s t i c s t o  

l i ne d i f f e r e nc e s  i n  S TR a nd PULL wa s a l s o  t e s t e d  b y  

a na l ys i s  o f  va r i a n c e  u s i n g s e q u e n t i a l s ums o f  s q ua r e s  f r o m 

a mod e l  whe r e  t h e  c o va r i a t e  p r e c e d e d  s e l e c t i o n l i n e  

e f f e c t s . Al l d e pe nd e n t a nd i nd e pe nd e n t  va r i a b l e s  we r e  

c o r r e c t e d  f o r a l l  f i xe d  e f f e c t s  e xc e pt s e l e c t i o n l i n e .  T h e  

a b i l i t y o f  t h e  c o va r i a t e t o  r e mo ve s e l e c t i o n  l i ne 

d i f f e r e n c e s  i n  S TR o r  P U L L  wa s j ud g e d  b y  t he p r o ba b i l i t y 

a s s o c i a t e d  w i t h  t h e  s e l e c t i o n l i n e  me a n  s q ua r e  a nd t h e  

mu l t i p l e  c o r r e l a t i o n c o e f f i c i e n t  ( R 2 )  o f  t h e  mod e l .  

T h e  r e g r e s s i o n s o f  S TR o r  P U L L  o n  me a s u r e s  o f  wo o l  g r o wt h  

we r e  a l l  h o mo g e n e o u s  a c r o s s  g e n o type s . The r e g r e s s i o n 

c o e f f i c i e n t s , R 2  va l ue s , a nd s u b s e q u e n t  p r o ba b i l i t y 

a s s o c i a t e d  w i t h  s e l e c t i o n l i n e  e f f e c t s  a r e  g i v e n  i n  Ta b l e  

8 . 5 . As r e g r e s s i o n s  f o r  S T R a nd PULL s h o wed s i m i l a r  t r e nd s , 

o n l y  t h e  r e gr e s s i o n s  i nv o l v i ng S TR w i l l  b e  p r e s e n t e d  h e r e . 

A l l r e g r e s s i o n s o f  s ta p l e  s t r e n g t h  o n  wo o l  g r o wt h  

c h a r a c t e r i s t i c s we r e  s i g n i f i c a n t  wh e n  f i t t e d  p r i o r t o  o r  

f o l l o w i ng g e n o t ype e f f e c t s . P r e -ad j u s t me n t  f o r  t h e  e f f e c t s  

o f  CFW ,  GFW , F� S L , L F D , L C P D  a nd L L P D  r e nd e r ed s e l e c t i o n 

l i n e  d i f f e r e nc e s  i n  s ta p l e  s t r e n g t h  n o n - s i g n i f i ca n t  

i nd i ca t i n g t ha t  t h e s e  t r a i t s c o n t r i bu t e d , e i t h e r  d i r e c t l y  o r  

t h r o u g h  t h e i r  c o r r e l a t i o n t o  o t h e r  t r a i t s ,  t o  s e l e c t i o n 

l i n e  d i f f e r e nc e s  i n  s t a p l e  s t r e n g t h . 

As m i g h t  b e  e x pe c t e d  f r om t h e s i mp l e  c o r r e l a t i o n s  p r e s e n t e d  

i n  Ta b l e  8 . 4 , me a s u r e s  o f  w i n t e r  wo o l  g r owt h  g a v e  t h e  

h i g h e s t  R 2  va l ue s  ( 1 9 %  t o  2 1 % )  r e l a t i ve t o  8 %  t o  1 2 %  f o r 

a ve r a ge wo o l  gr o w t h  t r a i t s . R 2  va l u e s  f o r t h e  r e g r e s s i o n o f  

s ta p l e  s t r e ng t h  o n  a mp l i t ud e t r a i t s r a n g e d  f r o m 1 6 %  t o  2 3 % .  

I n  n o  i n s ta n c e  d i d  a mp l i t u d e  t r a i t s r e mo v e  s e l e c t i o n  l i n e  

d i f f e r e n c e s . P r e - a d j u s t me n t  f o r F DAMP r a i s e d  t h e  

s i g n i f i c a nc e  o f  s e l e c t i o n l i n e e f f e c t s . T h e  m o n t h  o f  

m i n i mum p r od u c t i o n o r  mo n t h  o f  wo o l  b r e a k h a d  n o  e f f e c t  o n  

s e l e c t i o n l i n e  d i f f e r e n c e s  i n  s t a p l e  s t r e n g t h . 
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M o n t h  o f  s ta p l e  b r e a k  wa s h i g h l y  h e r i t a b l e  ( 0 . 5 0 ± 0 . 3 2 )  b u t  

b o r e  n o  c l e a r  r e l a t i o n t o  s t a p l e  s t r e n g t h  i n  e i t h e r  F W  o r  C 

s h e e p  ( Ta b l e  8 . 4 ) . C o n t r o l  s h e e p t e nd e d  t o  ha ve we a k e r  

w o o l  i f  t h e  b r e a k  wa s c l o s e r  t o  t h e  b u t t  o f  t h e  s t a p l e  b u t  

t he c o r r e l a t i o n wa s o n l y s i g n i f i c a n t  a t  t he 1 0 %  l e ve l . I n  

b o t h  C a n d  F W  s h e e p  t h e  ' mo n t h  o f ' va r i a b l e s  we r e  p o s i t i ve l y  

c o r r e l a t e d  b u t  r e l a t i o n s h i ps a mo n g s t t he s e  va r i a b l e s  we r e  

s t r o n g e r  i n  C t ha n  F W  s h e e p . M o s t  n o t a b l y ,  MB wa s 

u n c o r r e l a t e d  w i t h  ML F D  i n  F W  s h e e p wh i l e t h e c o r r e l a t i o n i n  

C s h e e p  wa s 0 . 4 1 I n  b o t h  F W  a nd C s h e e p ,  l a t e r  mo n t h  o f  

s ta p l e  b r e a k  wa s a c c o mpa n i e d  b y  l o we r m i n i mum f i b r e  l e n g t h  

g r o wt h ,  h i g h e r  a mp l i t ud e  o f  l e n g t h  g r o wt h , l owe r a mp l i t u d e  

o f  f i b r e  d i a me t e r  a nd l o we r a v e r a g e  f i b r e  d i a me t e r  a nd 

s t a p l e  l e ng t h .  

T h e  d i s t r i b u t i o n s  o f  F W  a n d  C s h e e p  f o r M B , MLF D ,  M L C P D  a nd 

M L L P D  a r e  g i ve n  i n  F i gu r e  8 . 4  . C o n t r o l  s h e e p  

d i s t r i bu t i o n s  f o r a l l  t r a i t s a nd t h e  F W  d i s t r i bu t i o n f o r M B  

we r e  c ha r a c t e r i z e d  by s t r o n g c e n t r a l t e nd e n c y ,  t h e  mode a nd 

t h e  me a n  b e i ng i n  c l o s e  a g r e e me n t . D i s t r i b u t i o n s  o f  FW 

s he e p  f o r  M L F D ,  M L C P D  a nd ML L P D  we r e  s p l i t  w i t h  t h e  ma j o r i t y 

o f  o b s e r va t i o n s  f a l l i ng i nt o  e i t h e r  m o n t h s  5 o r  7 .  I n  

C h a p t e r 5 ,  F W  h o g g e t s  we r e  f o u n d  t o  r e a c h  mi n i mum wo o l  

g r o w t h  a p pr o x i ma t e l y  5 we e k s  e a r l i e r  t h a n  C h o g ge t s . 

H o we ve r ,  mo n t h  o f  b r e a k  wa s o n l y  2 we e k s  e a r l i e r  i n  F W  t h a n 

C h o gg e t s . 

8 . 3 . 3  T h e  r e l a t i o n s h i p  b e t we e n  h a n d - pu l l  g r a d e  a n d  s ta p l e 

s t r e ng t h  

A s  g i v e n  i n  Ta b l e  8 . 4 , t he c o r r e l a t i o n b e t we e n  h a n d - p u l l  

g r a d e  a n d  s t a p l e  s t r e n g t h  wa s 0 . 5 8 s o  t h a t  3 4 % o f  t h e  

va r i a t i o n i n  me a s u r e d  s t a p l e  s t r e n g t h  wa s a c c o u n t e d  f o r b y  

va r i a t i o n i n  s u b j e c t i ve a s s e s s me n t . L e a s t s q ua r e s  me a n s  f o r 

s ta p l e  s t r e n g t h  a nd wo o l  gr o wt h  c ha r a c t e r i s t i c s  f o r e a c h  

h a nd - p u l l  g r a d e  c l a s s  a r e  g i ve n  i n  Ta b l e  8 . 6 .  A l s o  s h o wn i n  
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t h i s  t a b l e  a r e  t h e  r a n g e  o f  s t a p l e  s t r e n g t h s r e p r e s e n t e d  i n  

e a c h  hand - p u l l  g r a d e a nd t h e  s t a p l e  l i n e a r  d e n s i t y i n  k t e x . 

Me a n  s t a p l e  s t r e n g t h  i n c r e a s e d  w i t h  hand - pu l l  g r a d e . Me a n  

d i f f e r e n c e s  b e t we e n  a l l  c l a s s e s  e xc e pt 5 a n d  6 ,  a nd 2 / 3  a nd 

4 ,  we r e  s i g n i f i c a n t . T h e  va r i a t i o n i n  me a s u r e d  s t r e ng t h  

w i t h i n  e a c h  c l a s s  i s  i nd i ca t e d  b y  t h e r a n g e . W i t h  t he 

e xc e p t i o n  o f  t h e  l o we s t  s t r e ng t h  c l a s s , t h e  r a ng e  i n  

r e ma i n i ng c l a s s e s  wa s n e a r  t o  3 0  N / k t e x . Ve r y  s i m i l a r  

r a n g e s  e x i s t e d  f o r c la s s e s  4 , 5 a nd 6 .  

H a nd - p u l l  g r a d e  wa s p o s i t i ve l y  a s s o c i a t e d  w i t h  me a n  c l e a n  

wo o l  g r o wt h  a nd w i n t e r  wo o l  g r o wt h . I n c r e a s e d  ha n d - p u l l  

g r a d e  wa s a l s o  c h a r a c t e r i z e d  by a d e c r e a s e  i n  a mp l i t u d e  o f  

wo o l  g r o wt h . Ha nd - p u l l  g r a d e  d i d n o t  a p p e a r  t o  b e  a f f e c t e d  

b y  t h e  a v e r a g e  l i n e a r  d e ns i t y o f  s ta p l e s  s e l e c t e d  o r  b y  

' mo n t h  o f ' va r i a b l e s . 

8 . 3 . 4  T h e  r e l a t i o n s h i p  b e t we e n  e we h ogge t a nd t wo - t o o t h  

s t a p l e s t r e ng t h  

O v e r t h e  4 0  e we s  me a s ur e d  a s  h o gg e t s  a nd a ga i n  a s  t wo - t o o t h s 

t h e  c o r r e l a t i o n b e t we e n  r a w  va l ue s  o f  e we a nd h o g g e t s t a p l e  

s t r e ng t h  wa s 0 . 3 4 .  T h e  c o r r e l a t i o n  wa s s i gn i f i c a n t l y  h i g h e r  

f o r  F W  ( 0 . 4 3 )  t h a n  C e we s  ( 0 . 2 2 ) . H o g g e t s t a p l e  s t r e ng t h  

a l o n e  e xp l a i n e d  1 2 %  o f  t h e  v a r i a t i o n i n  s u bs e q u e n t  e we 

s t r e n g t h . An add i t i o na l 3 . 5 % wa s e x p l a i n e d  by s e l e c t i o n 

l i n e  e f f e c t s . L a mb i ng s ta t us a s  t wo - t o o t h s  ( d r y , s i ng l e  o r  

t w i n )  d i d n o t  s i gn i f i ca n t l y  a f f e c t  s t a p l e  s t r e n g t h  i n  t h e s e  

d a t a . Ave r a g e  s t r e n g t h  wa s n o t  s i g n i f i c a n t l y  d i f f e r e n t  i n  

F W  a nd C t wo - t o o t h  e we s , t h e  me a n s  be i ng 1 2 . 7 ± 3 . 0  N / k t e x  

a nd 1 0 . 2 ± 1 . 5  N / k t e x , r e s p e c t i ve l y .  
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Ta b l e  8 . 1  N u mb e r o f  h o g g e t s  t e s t e d , a nd t wo t o o t h s  r e - t e s t e d  
f o r s t a p l e  s t r e ng t h  i n  t he f l e e c e we i g h t - s e l e c t e d  
( F W )  a n d  C o n t r o l  ( C )  l i n e s . 

1 = = = = = = = = = = = = = = = = = = = = = = 1 
I I 
I S EL ECT I ON L I NE I 
I I 
1 - - - - - - - - - - 1 - - - - - - - - - - - 1 
I C I F W  I 

1 = = = = = = = = = = = = = = = = = = = 1 = = = = = = = = = = 1 = = = = = = = = = = = 1 = = = = = = = 1 
I I I I I 
I HOGGE T : R AM S  I 2 7 I 2 8 I 5 5  I 
I EWES I 2 7 I 4 3 I 7 0 I 
I I I I I l - - - - - - - - - - - - - - - - - - - l - - - - - - - - - - 1 - - - - - - - - - - - l - - - - - - - l 
I I I I I 
I TWO - T O OT H : E WE S  I 2 0  I 2 0  I 4 0  I 
I I I I I 

= = = = = = = = = = = = = = = = = = = = = 1 = = = = = = = = = = 1 = = = = = = = = = = = 1 = = = = = = = 1 
I I I I 
I 5 4  I 7 1  I 1 2 5  I 
1 = = = = = = = = = = 1 = = = = = = = = = = = 1 = = = = = = = 1 

Ta b l e  8 . 2  D e s c r i p t i o n o f  hand - p u l l  g r ad e s  f o r s ta p l e  
s o u nd n e s s  

1 M u c h  o f  f l e e c e  l o s t  

2 Ve r y  we a k  - o b v i o u s  " br e a k " 

3 S l i g h t  p u l l  t o  b r e a k  

4 M od e r a t e  p u l l  t o  b r e a k  

5 G o od p u l l  t o  b r e a k  

6 S l i g h t  p u l l  t o  b r e a k  1 / 2 s ta p l e  

7 G o od p u l l  t o  b r e a k  1 / 2  s ta p l e  

8 G o o d  p u l l  t o  b r e a k  1 / 4  s t a p l e  

9 S o und ( 1 / 4  s ta p l e ) 
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Figure 8 . 1  SCHEMATIC REPRESENTATION OF THE HOUNSFIELD TENSOMETER 

AND LOAD RECORDING EQUIPMENT 
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Tab l e  8 . 3  Sel ec t i on l i n e  l east squares 3eans ,  s t andard  er r o r s ,  a n d  

s i g n i f i c a n c e  for s t ap l e  s t r e ng t h , hand-p u l l grade and  wool 

g r ow t h  c h a r ac ter i s t i c s .  

: ---------------------------------------- : 
SELECT ION  L I NE 

! -------------------- : ----------------------------- : ---------- : 
Trai t c on s i dered c FW : s i g 2 •  

: ------------- -------------- ------- --- ------- ----------------- : 
STR \ N / k t e x l  2 2 . 2  1 . 2  2 7 . 8  ± 1 .  3 * 
PULL ( c l  ass)  5. 4 0 . 2  5 . 8  ! 0 . 1 p < . ! O 

LFD <v• l  28 . 7  0 . 3  30 . 3  ! 0 . 3  H f  

LCPD ( g / d l  5 . 4  0 . 2  7 . 7  ± 0 . 2  Hf: 

LLPD ( 1111/d l . 38 ! . 0 1 . 43 ! . 0  HI 

FDAHP (i.) 2 2 . 1 0 . 7 23 . 5 0 . 7  n s  

CPDAMP m 8 0 . 3 2 . 3 74 . 4 2 . 0  p< . 1 0 

LPDAMP (7.) 43. 5  1 . 5 39. 6 1 . 3  n s  

HFD ( V III ) 3 1 . 1 0 . 3  33 . 5  0 . 3  Hf 

GFW ( k g l  3 . 6  0 . 1 4 . 6 0 . 1 Ht 

CFW ( k g l  2 . 6  0 . 1 3 . 4  0 . 1 fH 

SL ( e a )  1 2 . 8  0 . 2  1 4 . 6  ± 0 . 2 H f  

MB ( aon t h l 1 6 . 8 ± 0 . 2  6 . 3  0 . 1 p< . l O 

MLFD ( aon t h )  7 . 1 0 . 2  5 . 8  ± 0 . 2  fH 
MLCPD ( lllo n t h l  6 . 8 0 . 2  5 . '3 0 . 2  fH 

MLLPD (mon t h )  5 . 9  ± 0 . 2  5 . 4 0 . 2 n s  

: ================================================== : ========== : 

1 where mon t h  repr esen t s  28-day per i od s ,  and per i od l 
ended 0 9 ,  January 1 985 .  

2 f p < 0 . 05  
H p< O . O l  

H t  p< 0 . 00 1  
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FIGURE 8.2 PERCENTAGE WITH IN LI NE DISTRIBUTIONS IN FW AND C HOGGETS 
a) MEAN STAPLE STRENGTH 

f--J 
-....l 
w 



LINE 

FW 

I 
c 

1 1 . 32% 

Q 
1 . 4 1 % 

I 
I 

1 2 . 68% 2 1 . 13% 35 . 2 1 %  23 . 94% 

1 8 . 87% 20 . 75% 24 . 53% 1 8 . 87% 

;;!J 

HAND PULL GRADE 
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a )  MEAN STAPLE STRENGTH 

I 
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b )  HAND-PULL GRADE 

_ _j 
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Birth date 
Birth rank 
Dam age 

Legend 

§ Residual 

� Sire (wit.hln line} 

D Selection line 

� Sex 

• Sheep 

c )  STRENGTH OF INDIVI DUAL STAPLES 

Figure 8 . 3  SUBDIV I S I ON OF THE TOTAL SUMS O F  SQUARES FOR MEASURES 

OF STAPLE STRENGTH 
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Tab l e  8 . 4  Poo l e d  (where h oeog en e ou s )  or w i t h i n  l i n e  ( C/FW ) c o r r e l at i on s  b e t ween aeasures o f  s t a p l e  s t r en g t h  

and wool growth  c h a r ac t er i s t i c s  ( c or r e c t ed for D B ,  BR ,  D A  and  SEX)  

PULL LFD LCPD LLPD FDAMP CPOAMP LPDAMP 

STR . 581 . 42 1 . 38t . 42+ - . 341 - . 36 +  - , 441  

PULL . 37t  . 37£ . 28t - . 25t - . 351 - . 38t 

LFD . 63t . 26t - . 58t - . 581 - . 33t 

LCPD . 57t - . 431 - . 731 - . 53t 

LLPD - . 0'3 - . 361  - .  74! 

FDAMP . 63+/ . B l t . 30t 

CPDAMP . 60t 

LPDAMP 

MFD 

GFW 

CFW 

SL 

M B  

MLFD 

MLCPD 

MFD GFW CFW SL 

. 27£  . 1 '3f . 24t . 26+ 

. 28t . 20f . 26t . 22f 

. 78t . 37t . 451  . 1 6 

. 471  . 73t . 801 . 30t 

. 27t . 3'3t  . 5 l t . 5'31 

- . 1 4  - . 06 - . 08 . 09 

- . 2 7 1  - . 2 1 1 - . 261 - . 06 

- . 20t  - . 221 - . 281 - . 231 

. 43 £  . 531 . 30 1  

. '341 . 3 1 t 

. 44t 

M B  MLFD MLCPD MLLPD 

- . 22 / . 1 2 . 09 . 1 7 - . 1 1  . 4 l t 

- . 07 . 08  . 1 1 . 10 

-. 06 - . 1 1  - . 1 7  - . 04 

- . 09 - . 2 1 t - . 1 3  - .  4t / . 1  

- . 24t - . 201  - , 41/ , 1 - . 5t/ . 2  

- . 1 St - . 1 5  - . 08 - . 05 

. 00 • 0'3 . 05 . 1 1 

. 261  . 1 3 . 1 2 . 38t f - . 1 

- . 26t - . 1 5  - . 1 '3 t  . 02 

- . 1 6  - . 1 7  - . 1 '3! - . 0'3 

- . 1 6  - . 1 6  - ,  1 5  - . 241 / , 1 

- . 22 t - . 06 - . 07 - . 1 4 /- . 1 7  

. 4 * / . 1 . 35f  . 1 7 

. 73f / , 42 t . 371  

. 37 t 



Tab l e  8 . 5  Reg ressi on c oe f f i c i en t s ,  R2 va lues ,  and  t h e  s i g n i f i c an c e  

o f  sel ec t i on l i ne d i f ferences i n  s t ap l e  s t r e n g t h  

fol l ow i ng preadjust1ent  ior  w o o l  g r ow t h  c h a r a c t er i s t i c s .  

COVAR I ATE b ± S . E  p r ob ( se l ec t i on l i n e )  
=================================================================== 

2 . 1 0  ± 0 . 4 1 p= . 38 2 1 . 4  X 

LCPD ( g / d l  2 . 66 ! 0 . 58 p = . 56 1 8 . 8 '1. 

LLPD ( mill / d )  8 1 . 33 ± 1 6 . 06 p = . 5 1  2 1 . 2  '/. 

MFD ( p a l  1 .  26  ± 1), 40  p = . 32 1 1 . 6  '1. 

GFW ( k g l  3 . 4 1  ± 1 . 7 1  p = . 65 7 . 7 'f. 

CFW ( kg l  5 . 40 ± 2 . 02 p = . 85 '3 , 9 7. 

FDAMP ( '/. )  - . 67 ± 0 . 1 7  p = . 002 1 5 . 8  '1. 

CPDAMP m - . 23 ± 0 . 1 5 p = . 06  1 7 . 1 7. 

LPDAMP ( /. )  - . 43 ± 0 . 08 p= . 06 22 . 9  '!. 

==================================================================== 

n o t e :  pr i or t o  c ovar i at e  adjust aent sel ec t i on l i n e  d i f f er ences  

were  s i gn i f i c a n t  a t  p = . 04 .  
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Figure 8 . 4  DI STRIBUTI ONS O F  FLEECE WEIGHT SELECTED ( FW ) AND 

CONTROL ( C )  HOGGETS FOR MB ,  MLFD , MLLPD AND MLCPD 
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not e : 2 , 3 , 4  . . .  10  are 28-day periods where period 1 ended 9 J an , 1 9 8 5  
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a )  FDAMP and MFD ( Fi bre. c\.io.me..te.r Qmp li-\tActe o.n d  me-an .f\ bre cl\.:tmeter) 
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Tab l e  8 . 6  Least squar es  aeans for s t ap l e  s t r e n g t h  and wool g r o w t h  

c h a r a c t e r i st i c s  for e a c h  h a n d  p u l l g r ade c l as s  

2 & 3 

Obser v a t i ons � I 

STR ( N / k t e x  l 1 2 . 5 !3 . 4  

STR r an g e  8 . 3- 1 6 . 3  

LFD ( VIll l 2 7 . 8 ± 0 . 8 

LCPD ( g / d a y l  5 . 0 ±0 . 6  

LLPD ( u/ d a y l  . 38 7 ! . 02 

FDAMP (/.) 2 8 . 1 :!:2 . 0  

CPDAI'IP m 1 0 0 . 1 !5 . 9  

LP DAMP (/.) 5 2 . 6 ± 3 . 9 

MFD ( uill l 3 1 . 7 ± 0 . 9 

i:JFW ( kg )  3 . 9± 0 . 2  

CFW ( kg )  2 . 9± 0 . 2 

SL ( c m )  1 4 . 6! 0 . 7  

M B  ( !llon t h )  6 . 5± 0 . 5  

MLFD ( ;on t h i  6 . 2±0 . 6 

MLCPD ( mon t h )  5 .  7 !0 . 5  

MLLPD ( mont h )  5 . 9±0 . 6  

S t a p l e  dens i t y  0 . "3! 0 .  2 

( k t e x )  

4 

1 9  

1 7  . 4! 2 . 1 

8 . 7-41 . 2  

2 9 . 0 ±0 . 5  

6 . 4 ± 0 . 3 

. 389! . 0 1  

22 . 7 ± 1 . 2  

76 . 6!3 . 5 

43 . 7 ! 2 . 3 

3 1 . 9 ± 0 . 5 

4 . 0 ± 0 . 1 

2 . "3 ! 0 . 1  

1 3 . 4 !0 . 4 

6 . 3 ±0 . 3  

6 . 1 ±0 . 3  

6 . 0 ±0 . 3  

5 . 3±0 . 4  

1 . 1  ±0 . 1  

H A N 0 - P U L L 6 R A D E 

5 6 7 

2 6  38 27 

23. 0 !  1 .  8 24 . 4 ! 1 . 5  3 2 . 3 ! 1 . 8  

9 . 3-47 . 3  1 0 . 0-43 . 5  8 . 9-57. 7 

28 . 7 ! 0 . 4  2'3. 8 !0 . 3  30 . 3! 0 . 4  

5 . 9 ± 0 . 3  7 . 0 ±0 . 2  6 . 9 !0 . 3  

. 380 ± . 0 1  . 408 ! . 0 1 . 424 ± . 0 1  

24 . 5 ± 1 . 1  2 2 . 4 :!:0 . 9  2 1 . ( :!: 1 . 1  

85 . 2 ±3 . 1 74. 8 ! 2 . 5 7 2 .  7 ! 3 . 1 

46. 8 ± 2 . 0  39 . 8± 1 . 7  35 . 6±2 . 1 

3 1 . 7 ! 0 . 4  32 . 6 :!: 0 . 4  33 . 1 !0 . 5  

4 .  0 ± 0 . 1 4 . 3±0 . 1 4 . 1 ±0 . 1 

2 .  9 ±0 . 1  3 . 1 !0 . 1 3. 0 ! 0 . 1 

1 2 . 9 ! 0 . 3  1 3 . 7 ±0 . 3  1 4 . 4± 0 . 3  

6 . "3 ±0 . 2  6 . 6±0 . 2  6 . 3! 0 . 2  

6. 3 !0 . 2  6 . 3±0 . 2  6 . 5± 0 . 2  

6 . 7 ±0 . 3  6 . 0 ±0 . 2  6 . 3±0 . 2  

5 . 4 ± 0 . 3 5 . 6±0 . 2  5 . 0 ±0 . 3  

o .  9 ±0 . 1 1 .  1 ! 0 . 1 1 .  2 ! 0 . 1 

8 

� I 

40 . 6±3 . 4  

2 2 . 7-59 . 0  

3 1 .  '3 ! 0 . 8 

8 . 3± 0 . 5 

. 435 ! .  0 2  

1 8 . 3±2 . 0  

5'1 . 4 ±5 .  8 

34 . 4±3 . '3 

34 . 4 ± 0 . 8  

4 . 5±0 . 2  

:3 . 4 ± 0 . 2  

1 5 . 3 ±0 . 6  

6 . 0 ±0 . 5  

6 . 6±0 . 6  

7 . 0 ±0 . 5  

5 . 8±0 . 6  

i . l ±0 . 2  

- - - - - - - - -- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -

note : 1ont h  r e f e r s  t o  28-day per i ods  where p er i od 

* p < 0 . 05 
H p\ 1) , !) 1  

fH p ( 0 . 0 0 1  

n s  non s i g n i  f i ( a n t  

1 ended 1)'3 January 1 '385 . 
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8 . 4  D I S CUS S I ON 

8 . 4 . 1  S o u r c e s  o f  va r i a t i o n i n  s t a p l e  s t r e ng t h  

8 . 4 . 1 . 1  W i t h i n  s he e p  

Any a t t e mp t t o  e va l ua t e  s t a p l e  s t r e ng t h  i s  f r a u g h t  w i t h  

c o n c e r ns r e l a t i n g t o  a p p r o p r i a t e  s a mp l i ng a nd mea s u r i ng 

p r o c e d u r e s . S t a p l e  me a s u r e me n t s  a r e  a f f e c t e d  by b i o l o g i c a l  

a nd e n v i r o nme n t a l va r i a t i o n o v e r  t h e  b o d y  o f  t h e  s h e e p  a nd 

v a r i a t i o n i n  f i b r e  d i a me t e r ,  c r i mp ,  

o f  f i b r e s  w i t h i n  t h e  s ta p l e  i t s e l f . 

l e n g t h  a nd o r i e n t a t i o n 

Va r i a t i o n i n  t h e  

l e ng t h ,  we i g h t  o r  c o n f i g u r a t i o n o f  s t a p l e s  ( b o t h  w i t h i n  a nd 

b e twe e n  s he e p ) ,  me c ha n i ca l  va r i a b l e s  o f  s t r e ng t h  t e s t i ng 

e qu i pme n t  ( s u c h  a s  t e s t  l e n g t h ,  b r e a k i n g s p e e d  a nd c l a mp 

d e s i g n ) a n d  t h e  u n i t s o f  me a s u r e me n t e m p l o yed c a n  a l l  

a f f e c t  t h e  a c c u r a c y  a nd p r e c i s i o n o f  wo o l  s t r e ng t h  

me a s u r e me n t . H a n d  a s s e s me n t  o f  s ta p l e  s t r e n g t h  i s  f u r t h e r 

a f f e c t e d  b y  d i f f e r e n c e s  i n  t h e  t h i c k n e s s  o f  s t a p l e s  

s e l e c t e d  a nd h uma n e r r o r s  o f  j ud g e me n t . 

R o s s  ( 1 9 6 1 a ) a nd R o s s  a nd M e i k l e ( 1 9 8 5 )  c o n c l ud e d  t h a t  

s a mp l e s  ta k e n  f r om t h e  n o r ma l  m i d s i d e  p o s i t i o n  wo u l d  g i ve a 

r e p r e s e nt a t i ve me a s u r e  o f  t h e  s t a p l e  s t r e n g t h  ove r t h e  

b o d y . S a mp l e s  s u b j e c t e d  t o  g r e a t e r  we a t h e r i n g ( a s i nd i ca t e d  

b y  h i g h e r a l k a l i  s o l u b i l i t y ) , s u c h  a s  w i t h e r s  a nd ba c k  

s a mp l e s , h a d  l o we r s ta p l e  s t r e n g t h  t h a n  t h e  r e ma i nd e r  o f  

t he f l e e c e  ( R o s s , 1 9 6 1 a ) . R o s s  a nd M e i k l e ( 1 9 8 5 ) ,  u s i n g a 

s ma l l e r  n u mb e r o f  s a mp l e s , we r e  u na b l e  t o  d e mo n s t r a t e  

s i gn i f i c a n t  b od y  r e g i o n e f f e c t s . R o t t e n b u r y  ( 1 9 7 9 ) s h o w e d  

t h a t  va r i a t i o n b e twe e n  a nd w i t h i n  r e g i o ns o f  t h e  f l e e c e  

c o n t r i b u t e d  1 9 %  a nd 2 0 % o f  w h o l e  f l e e c e  va r i ab i l i t y i n  

s ta p l e  s t r e n g t h . A l t h o u g h  s a mp l e s  i n  t h i s  s t udy we r e  ta k e n  

f r om t h e  m i d s i d e  p o s i t i o n ,  t h e s a mp l e s  we r e  s u b j e c t  t o  s o me 

we a t h e r i n g d u e t o  t h e i r  l o c a t i o n d i r e c t l y a b ove t h e  s ha ve n  

m i d s i d e  p a t c h . T h i s  we a t h e r i n g wo u l d  h a v e  be e n  mo s t  s e ve r e  

o n  s t a p l e t i p s  a nd , a s  s u c h ,  s h o u l d  n o t  h a ve g r e a t l y 
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a f f e c t e d t h e  r e s u l t s . M e a n  s ta p l e  s t r e ng t h  r a n g e d  f r o m  8 t o  

6 0  N / k t e x  i n  t he h o g g e t s  s t ud i e d .  T h i s  r a n g e  a p pe a r s  f a i r l y  

r e a l i s t i c  g i ve n  t he r e l a t i ve l y s ma l l  s a mp l e s i z e  a nd q u o t e d 

b i o l o g i ca l l i m i t s  o f  0 t o  9 0  N / k t e x  ( R o t t e n b u r y ,  1 9 7 9 ) . 

M a x i mum l oa d  ma y n o t  b e  t he mo s t  a c c u r a t e  me a s u r e  o f  s t a p l e  

s t r e ng t h  a s  s ome f i br e s  w i t h i n  t h e  s ta p l e  w i l l  h a v e  

r u p t u r e d b e f o r e  o t h e r s  h a v e  r e a c h e d  f u l l  e x t e n s i o n . As 

s ta p l e  s t r e ng t h  d e pe nd s  o n  i nd i v i d ua l f i b r e  s t r e ng t h ,  

va r i a b i l i t y i n  f i b r e  c r i mp a nd t h e  b r e a k i n g e x t e n s i o n  o f  

i nd i v i d ua l  f i br e s  w i t h i n  s t a p l e s ,  R o s s  ( 1 9 6 0 ;  1 9 6 l a ) ha s 

a r g u e d  t ha t  t h e  t o t a l e n e r g y  r e q u i r e d  t o  b r e a k  t h e  s t a p l e  

ma y b e  a mo r e  i n f o r ma t i ve me a s u r e  o f  s t a p l e  s t r e n g t h . 

A l t h o ug h , i n  g e n e r a l ,  t h e  t wo me a s u r e s  a r e  h i g h l y  ( 0 . 6 6 -

0 . 9 )  c o r r e l a t e d  t he c o r r e l a t i o n i s  o f t e n  l owe r i n  we a k e r  

s t a p l e s  ( R o s s ,  1 9 6 0 ;  R o s s ,  C o c k r e m  a nd W i c k ha m ,  

( u n p u b l i s h e d ) ,  G o u r d i e  e t  a l . ,  ( un p ub l i s h e d ) ) .  R o s s  ( 1 9 6 0 ;  

1 9 8 4 ) s h o we d  t ha t  i n  s t a p l e s  w i t h  d o u b l e  p e a k i n g l oa d  

c u r ve s ,  whe r e  t h e  d i f f e r e n t b r e a k i ng l oa d s  a nd e x t e n s i o n s  

o f  s h o r t  a nd l o n g  f i b r e s  w i t h i n  t h e  s t a p l e  a r e  v e r y  

d i s t i nc t , ma x i mu m  l oa d  i s  l i k e l y a s e ve r e  u n d e r e s t i ma t e  o f  

t he t r u e s t a p l e  s t r e ng t h . I n  s ta p l e s  wh i c h  d i s p l a y  d o u b l e  

p e a k e d  l oa d  c u r v e s  a s  ma n y  a s  ha l f  o f  t h e  f i br e s  b e i n g 

e x t e nd e d  ma y h a v e  a l r e ad y  b r o k e n  b y  t he t i me ma x i mu m  l oa d  

i s  a c h i e v e d . 

A l t h o u g h  l oa d  c u r v e s  we r e  n o t  r e c o r d e d  i n  t h i s  s t ud y ,  t h e  

c o ns ta n t  p u l l  a nd c o n t i n u o u s l oa d  r e a d o u t  g a v e  a v i s ua l  

i mp r e s s i o n o f  t h e  u nd e r l y i n g c u r ve . D i s t i nc t  d o u b l e  p e a k e d  

l oa d  c u r v e s  we r e  e v i d e n t  i n  a n umbe r o f  s a mp l e s , e s pe c i a l l y 

t h o s e  u l t i ma t e l y  s u s t a i n i n g l e s s  t h a n  a b o u t  2 0  N / k t e x  o f  

ma x i mum l oa d . T h e  r e l a t i ve f r e q u e n c y  o f  t h e s e  t yp e  o f  

s a mp l e s  i n  t h e  t wo s e l e c t i o n l i n e s  wa s n o t  e s t a b l i s h e d . 

R o s s  ( 1 9 8 4 ) a g r e e d  t h a t  t h e  p e r c e n t a g e  o f  d o u b l e  pe a k e d  

c u r ve s  d e c r e a s e s  d r a ma t i c a l l y wh e n  wo o l s  a r e  a b o v e  1 9  

N / k t e x .  
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B i g h a m  ( 1 9 8 4 ) r e p o r t e d  va r i a nc e  c o mp o n e n t s  o f  8 0  ( N / k t e x ) 2  

a nd 1 2 0  ( N / k t e x ) 2  w i t h i n - a nd b e t we e n - s h e e p  g i v i n g a 

r e pe a t a b i l i t y o f  6 0 % ,  a f i g u r e  s ome wha t l e s s t h a n  t h e  7 7 % 

r e pe a t a b i l i t y f o u nd i n  t h i s  t r i a l . B i g ha m  ( 1 9 8 4 ) d o e s  n o t  

q u o t e  t h e  me a n  o r  r a ng e  o f  s t a p l e  s t r e n g t hs r e p r e s e n t e d  i n  

h i s  d a t a  b u t  R o s s  ( 1 9 6 1a )  f o u n d  g r e a t e r  w i t h i n - s i t e  

va r i a b i l i t y i n  we a k e r  s ta p l e s . W i t h i n - s i t e r e pe a ta b i l i t i e s  

r a n g i n g f r om 6 2 % t o  9 2 % h a v e  b e e n  r e p o r t e d  f o r d i f f e r e n t  

mo b s  o f  M e r i n o s  ( R o t t e n b u r y ,  1 9 7 9 ) . 

8 . 4 . 1 . 2  W i t h i n  a nd b e t we e n  s i r e s  

S ta p l e  s t r e n g t h  wa s m o d e r a t e l y  h e r i t a b l e  ( . 3 0 - . 4 7 )  i n  t h i s  

t r i a l ,  a g r e e i n g we l l  w i t h  e s t i ma t e s  q u o t e d  by B i g h a m  e t  a l . 

( 1 9 8 3 ) ,  B i g h a m  ( 1 9 8 4 ) a nd O r w i n e t  a l . ( 1 9 8 6 ) . T h e  

h e r i t a b i l i t y o f  h a n d - p u l l  s o u nd n e s s  g r a d e  wa s i n  t h e  s a me 

r a n g e  ( . 3 8 )  a l t h o ug h  l o we r e s t i ma t e s  ( . 1 - . 2 ) ,  ba s e d  o n  a 

s i m i l a r  g r a d i ng s ys t e m ,  h a v e  b e e n  s h o wn e l s e wh e r e  ( Ch o p r a , 

1 9 7 9 ; N e wma n ,  ( u n p u b l i s he d ) ) .  

8 . 4 . 2  S e l e c t i o n l i n e  a nd t h e  s e a s o n a l pa t t e r n  o f  wo o l  gr o wt h  

8 . 4 . 2 . 1  C o r r e l a t e d  r e s p o n s e  t o  f l e e c e we i g h t  s e l e c t i o n 

G e n e t i c  c o r r e l a t i o n s  we r e  n o t  e s t i ma t e d  f r om t h e s e  d a t a  a s  

e s t i ma t e s  o f  g e n e t i c  c o r r e l a t i o n s  a r e  r e ma r k a b l y  u n s ta b l e  

i n  s ma l l  d a t� e t s . G e n e t i c  c o r r e l a t i o n s  b e t we e n  

f l e e c e we i g h t  a nd s ta p l e  s t r e ng t h  o f  . 3  t o  . 7  ha ve b e e n  

r e p o r t e d ( Ch o pr a , 1 9 7 9 ;  B i g h a m  e t  a l . ,  1 9 8 3 )  i nd i ca t i ng t ha t  

a c o r r e l a t e d  i nc r e a s e  i n  s ta p l e  s t r e n g t h  s h o u l d a c c o mpa n y  

s e l e c t i o n f o r  h i g h e r  f l e e c e we i g h t . 

S t a p l e s  f r o m FW s h e e p  we r e , o n  a v e r a g e , 6 N/ k t e x  s t r o n g e r 

t h a n  t h o s e  o f  C s h e e p .  C o mpa r e d t o  t h e  e x pe c t e d  c o r r e l a t e d  

r e s p o n s e  o f  1 . 7  N/ k t e x  pe r g e n e r a t i o n ,  o r  1 6 . 3  N/ k t e x  o v e r  

9 . 6  g e n e r a t i o n s , t h e  a c t ua l c o r r e l a t e d  r e s p o n s e  h a s  b e e n  

s o me wha t  l e s s . P r e d i c t e d  c o r r e l a t e d  r e s p o n s e  c o u l d  h a ve 
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b e e n  o ve r e s t i ma t e d  i f  t h e  g e ne t i c c o r r e l a t i o n b e t we e n  

h o gg e t g r e a s y  f l e e c e we i g h t  a nd s t a p l e  s t r e n g t h  i s  l e s s  t h a n  

0 . 3 , o r  i f  t h e  h e r i t a b i l i t y o f  e i t h e r t r a i t  i s  l e s s  t h a n  t he 

va l ue s  u s e d  ( GF W  h 2  = 0 . 3 ; S TR h 2  = 0 . 4 ) . I f , a s  wa s 

s ug g e s t e d  by B l a i r  e t  a l . ( 1 9 8 5 ) , t he h e r i t a b i l i t y o f  e i t h e r 

t r a i t  i s  l o we r i n  r a m  t h a n  i n  e we h o g g e t s , t h i s  wo u l d  a l s o  

l ea d  t o  a n  o ve r e s t i ma t e o f  t h e  e x p e c t e d  c o r r e l a t e d  

r e s p o n s e . I n  t h e  s c r e e n e d  h i gh f l e e c e we i g h t  f l o c k  a t  

Wo o d l a nd s  Ag r i c u l t u r a l R e s e a r c h  S ta t i o n ( Ha wk e r  a nd 

L i t t l e j o h n , 1 9 8 6 ) h i g h f l e e c e we i g h t  h o g g e t s  h a d  s t a p l e  

s t r e ng t hs 

h o g ge t s . 

� 3 N / k t e x  g r e a t e r t h a n  r a nd om l y  s e l e c t e d  

T h e  p h e n o ty p i c  d i f f e r e n c e  i n  h o g g e t  f l e e c e we i g h t  

i n  b o t h  t h e  h i g h a nd r a nd om Wo od l a nd s  g r o u p s  a nd t h e  R o mn e y  

l i n e s  s t ud i e d h e r e  wa s � 1 k g . As t h e  g e ne t i c  d i f f e r e n c e  

i n  f l e e c e we i g h t  b e t we e n  Wo od l a nd s  g r o u p s  i s  e x p e c t e d  t o  b e  

s u b s t a n t i a l l y l e s s t h a n  1 k g ,  t h e  r e p o r t e d  d i f f e r e n c e  i n  

s t a p l e  s t r e ng t h  o n  a g e n e t i c  ba s i s , a g r e e s  q u i t e we l l  w i t h  

t h a t  f o u nd h e r e . 

B i g h a m  e t  a l . ( 1 9 8 3 ) s h owed e v i d e nc e  o f  d i f f e r e n c e s  i n  

s t a p l e  s t r e n g t h  b e t we e n  va r i o u s  c o mme r c i a l  a nd e x p e r i me n t a l 

s t r a i ns o f  R o mn e ys wh i c h  t he y  a t t r i bu t e d  t o  d i f f e r e nc e s  i n  

f i b r e  d i a me t e r . A l t h o u g h  n o t  p r e s e n t e d , d i f f e r e nc e s  i n  

f l e e c e we i gh t  o r  o t he r  f l e e c e  c ha r a c t e r i s t i c s ma y h a v e  a l s o  

c o n t r i b u t e d  t o  s t r a i n  d i f f e r e nc e s  i n  s ta p l e  s t r e ng t h . 

8 . 4 . 2 . 2  R e l a t i o n s h i p  b e t we e n  s t r e n g t h  a n d  wo o l  g r o wt h  

c h a r a c t e r i s t i c s 

T h e  c o r r e l a t i o n s  o f  s t a p l e  s t r e ng t h  w i t h  a v e r a g e  o r  m i n i mu m  

wo o l  gr o w t h  c ha r a c t e r i s t i c s f o u nd h e r e  ( Ta b l e  8 . 4 )  we r e  

s l i gh t l y  l o we r t h a n  t h o s e  q u o t e d i n  t h e  l i t e r a t u r e  

a l t h o u gh p u b l i s h e d  c o r r e l a t i o n s  we r e  o b ta i n ed f r o m ma t u r e 

e we r e c o r d s  ( R o s s , C o c k r e m a nd W i c k ha m ,  ( u n p u b l i s h e d ) ;  

S umne r ,  1 9 6 9 ; B i g ha m  e t  a l . ,  1 9 8 3 ;  Ge e n ty e t  a l . ,  1 9 8 4 ;  

H a wk e r , 1 9 8 6 ;  H a wk e r  a n d C r o s b i e , 1 9 8 5 ) . R e g r e s s i o n s  o f  

s t a p l e  s t r e n g t h  o n  wo o l  g r o wt h  c h a r a c t e r i s t i c s  we r e  a l s o  
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s o me wha t l owe r t ha n  p u b l i s h e d  e s t i ma t e s  f r o m ma t u r e  e we s . 

T h e  d e g r e e  t o  wh i c h  t h e s e  r e l a t i o n s h i ps b e c ome s t r o n g e r  i n  

t wo - t o o t h  c o mpa r e d  w i t h  h o g g e t f l e e c e s  i s  u n k n o wn . Ave r a g e  

w i n t e r  wo o l  p r o d u c t i o n i s  h i g h e r , a n d  t h e  a mp l i t ud e  o f  

p r od uc t i o n mu c h  l o we r , i n  h o g g e t s  t ha n  i n  o l d e r  e we s  

( B i g h a m  e t  a l . ,  1 9 7 8 a ) s u c h  t h a t  L F D  a nd L L P D  i n  ma t u r e 

s he e p  ma y e xe r t  a g r e a t e r  i n f l u e nc e  o n  s t a p l e  s t r e ng t h . 

Amp l i t ud e s ,  a s  me a s u r e d  i n  t h i s  s t ud y ,  o n l y  r e f l e c t  

d i f f e r e nc e s  u p  u n t i l  t h e  t i me o f  h o g g e t s h e a r i ng . T h e  

ma g n i t ud e  o f  mo n t h l y  wo o l  p r o d u c t i o n d i f f e r e n c e s  i n  F W  a n d  C 

s h e e p  b e yond t h i s  t i me a s  h o g g e t s , a nd a s  adu l t  e we s ,  i s  

u n k n o wn . 

G e e n t y  e t  a l . ( 1 9 8 4 ) f o u nd t h a t  s t a p l e  s t r e n g t h  i nc r e a s e d  b y  

1 2  N / k t e x  f o r e ve r y  1 g / d a y  i nc r e a s e  i n  c l e a n  wo o l  g r o wt h  o f  

s h e e p  f e d  u n i f o r m l y  i nd o o r s . T h e y  we r e  u na b l e  t o  

d e mo n s t r a t e  a n y r e l a t i o n s h i p  i n  s h e e p  f e d  u n i f o r m l y  o u t  o f  

d o o r s . H a wk e r  a nd L i t t l e j o h n  ( 1 9 8 6 ) q u o t e  a r e g r e s s i o n 

c o e f f i c i e n t o f  5 . 1  N/ k t e x  p e r  g o f  c l e a n  wo o l  p e r  d a y  ( R 2  

= 3 8 % )  i n  t he i r  h o g g e t d a t a . T h e  e s t i ma t e  o f  1 . 6 2 N / k t e x  

p e r g o f  a v e r a g e  c l e a n  wo o l  g r o wt h  r e p o r t e d  he r e  i s  

c o n s i d e r a b l y  l owe r t h a n  e i t h e r  o f  t h e s e  e s t i ma t e s . H a wk e r  

( l 9 8 5c) a nd Ha wk e r  a nd Cr o s b i e  ( 1 9 8 5 )  we r e  a b l e  t o  e x p l a i n  

5 0 %  - 8 0 % o f  t h e  va r i a t i o n i n  s t a p l e  s t r e n g t h  o f  n o n ­

p r e g na n t  R omne y  a nd P e r e nd a l e  e we s  b y  t h e  l e ve l o f  c l e a n  

wo o l  g r o wt h  ove r w i n t e r . I n  t h e  a b o ve s t ud i e s ,  s ta p l e  

s t r e n g t h  i nc r e a s e d  2 . 5  - 9 . 0  N / k t e x  f o r e ve r y l g / d a y 

i n c r e a s e  i n  c l e a n  wo o l  g r o w t h  o v e r w i n t e r . The e s t i ma t e  o f  

2 . 7  N/ k t e x  p e r  g/day f o u n d  i n  t h i s  s t udy i s  w i t h i n  t h e  

q u o t e d  r a n g e  a l t h o u g h  t he e q u i va l e n t  R 2  va l ue wa s o n l y  1 0 % . 

T h e  o t he r ,  pe r h a p s  mo s t  i mp o r t a n t , a s p e c t  o f  Hawk e r  a nd 

C r o s b i e ' s  ( 1 9 8 5 )  t r i a l  wa s t h a t  W+ ( h i gh w i n t e r  wo o l  

g r o wt h ) s he e p  p r o d u c e d  mo r e  wo o l  t h a n  W- ( l ow w i n t e r  w o o l 

g r o wt h  s h e e p ) e v e n  t h o u g h  t h e  r e l a t i ve wo o l  p r od u c t i o n  o f  

W+ s he e p  wa s l o we r o ve r s u mme r mo n t h s . The i mp l i ca t i o n  o f  

t h e i r  wo r k  wa s t h a t  f l e e c e we i g h t  a nd a mp l i t ude o f  wo o l  
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g r o wt h  m i g h t  b e  i n ve r s e l y  r e l a t e d . T h e i r  c o n c l u s i o n i s  

c o n s i s t e n t  w i t h  t h e  c o r r e l a t i o n s  i n  Ta b l e  8 . 4  a l t h o u g h  m o r e  

d a ta o n  c o mp l e t e wo o l  g r o wt h  c yc l e s  i n  F W  a nd C s he e p  wo u l d  

h e l p  t o  v e r i f y t h i s  r e l a t i o n s h i p .  T h e  a mp l i t u d e  o f  wo o l  

g r o wt h  i n  h o g g e t s  i s  n o t  r e ad i l y i n t e r p r e t a b l e . T h e  s h e e p  

i n  H a wk e r ' s  t r i a l  h a ve d e mo n s t r a t e d r e p e a t a b l e  w i n t e r  wo o l  

g r o wt h  p e r f o r ma n c e  b u t  i t  r e ma i n s t o  b e  s h o wn whe t h e r  o r  n o t  

t h e s e  s e a s o n a l w o o l  g r o wt h  c ha r a c t e r s  a r e  s u c c e s s f u l l y 

t r a n s m i t t e d  t o  t h e i r  o f f s p r i n g . 

D e s p i t e  t h e  f a c t  t h a n  wo o l  f i br e s  t e nd t o  b r e a k  a t  t h e i r  

n a r r o we s t  p o i n t ,  n o t  mo r e  t ha n  t ha n  4 0 % o f  t h e  va r i a t i o n i n  

s ta p l e  s t r e n g t h  h a s , h i s t o r i c a l l y ,  b e e n  e x p l a i n e d  b y  

m i n i mum f i b r e  d i a me t e r  a s  r e v i e we d  b y  ( B i g ham e t  a l . ,  1 9 8 3 ) .  

H o r t o n ( 1 9 7 8 ) f o u n d  ma r k e d s h o r t  t e r m  n u t r i t i o n a l e f f e c t s  o n  

f i b r e  d i a me t e r  a nd s u bs e q u e n t  b r e a k i n g p o i n t i n  s h e e p  

s u b j e c t e d  t o  a s ud d e n  c h a n g e  i n  d i e t a r y  r e g i me n  o ve r  

w i n t e r . S ud d e n c h a n g e s i n  d i e t  we r e  t h o u g h t  t o  u p s e t r ume n  

m i c r o b i a l  p o p u l a t i o n s  c a u s i n g s h o r t  t e r m c ha n g e s  i n  

n u t r i e n t  s u p p l y .  S ta p l e  s t r e ng t h  wa s a l s o  a f f e c t e d , i n  

H o r t on ' s  s t ud y ,  b y  mo n t h l y  m i n i mu m  f i br e  d i a me t e r  a s  

d i e t a r y  c h a n g e  a nd b r e a k  p o i n t d i d n o t  c o r r e s p o nd i n  a l l  

s he e p . H e nd e r s o n  ( 1 9 5 5 )  a nd R o s s  ( 1 9 6 5 ) s u gge s t e d t ha t  

w i n t e r  o r  m i n i mu m  f i b r e  d i a me t e r  wa s a n  i mpo r ta n t  c o mp o n e n t  

o f  s t a p l e  s t r e ng t h  a l t h o ug h  w i n t e r  f i b r e  d i ame t e r , me a s u r e d  

a t  5 4 -d a y  o r  2 8 -d a y  i n t e r va l s ,  d i d n o t  i mpr ove t h e  

p r e d i c t i o n o f  me a n  s t a p l e  s t r e n g t h  f r o m c l e a n  wo o l  g r o wt h  

i n  o t h e r  wo r k  ( B i g h a m  e t  a l . ,  1 9 7 8 � G e e n t y  e t  a l . ,  1 9 8 4 ) .  

T h e  r e s u l t s  o b t a i n e d  h e r e  s h o we d  t ha t  m i n i mu m  f i b r e  d i a me t e r  

h a d  a mo r e  ma r k e d  e f f e c t  o n  s ta p l e s t r e n g t h  t ha n  a ve r a g e  

f i b r e  d i a me t e r , b a s e d  o n  t h e  r e s pe c t i ve r e g r e s s i o n 

c o e f f i c i e n t s  ( 2 . 1  vs . 1 . 2  N/ k t e x  p e r M m ) a nd c o r r e l a t i o ns 

( 0 . 4 2 vs . 0 . 2 7 ) . t h e  e x pr e s s i o n o f  m i n i mum f i b r e  d i me n s i o n s  

i n  te�ms o f  c r o s s  s e c t i o na l a r e a  r a t h e r  t h a n  d i a me t e r  d i d n o t  

a l t e r  a ny o f  t h e  t h e  r e s u l t s  o r  c o n c l us· i n  t h i s  t r i a l . 
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I nc r e a s e d s t a p l e  s t r e n g t h  i n  t h e  F W  l i n e  wa s a c c o mpa n i e d b y  

g r e a t e r  w i n t e r  l e n g t h , we i g h t  a nd d i a me t e r  o f  wo o l  g r own . 

T he s e  h e a v i e r  F W  f l e e c e s  we r e  l o n g e r a nd c oa r s e r  t ha n  t h o s e  

o f  C s h e e p . S i r e  d i f f e r e n c e s  i n  s t a p l e  s t r e n g t h  we r e  n o t  a s  

c l e a r l y  r e l a t e d t o  d i f f e r e n c e s  i n  wo o l  g r o wt h  

c ha r a c t e r i s t i c s . N o  s i ng l e  f a c t o r  a p pe a r e d t o  a d e q ua t e l y  

a c c o u n t  f o r  s i r e r a n k i n g s  f o r s ta p l e  s t r e ng t h  e i t h e r  w i t h i n  

o r  a c r o s s  s e l e c t i o n l i n e s . 

T h e  a b i l i t y o f  p r e ad j u s t me n t  f o r va r i o us wo o l  g r o wt h  

c ha r a c t e r i s t i c s t o  r e m o v e  s e l e c t i o n l i n e d i f f e r e nc e s  i n  

s t a p l e  s t r e ng t h  i nd i c a t e s  t ha t  t h e s e  t r a i t s c o n t r i b u t e d , 

e i t h e r  d i r e c t l y  o r  t h r o u g h  t h e i r  a s s o c i a t i o n w i t h  o t h e r  w o o l  

g r o wt h  c ha r a c t e r i s t i c s , t o  t he c o r r e l a t e d  r e s p o n s e  i n  

s t a p l e  s t r e ng t h . 

A l t h o u g h  i n c r e a s e d  m i n i mu m  f i b r e  d i a me t e r  c o n t r i bu t e d  t o  

s e l e c t i o n l i ne d i f f e r e n c e s  i n  s t a p l e  s t r e n g t h ,  i t s 

c o n t r i b u t i o n wa s m o r e  t h r o u g h  a n  i nc r e a s e  

d i a me t e r  t h a n  t h r o ug h  r e d u c e d  a mp l i t ud e  o f  

i n  a ve r a g e  f i br e  

f i b r e  d i a me t e r  

c h a n g e s . F i br e  d i ame t e r  a mp l i t u d e  wa s ma r g i na l l y g r e a t e r  i n  

F W  s h e e p . As n o t e d  i n  p r e v i o u s  d i s c us s i o n ,  t h e  a b s o l u t e  a nd 

r e l a t i ve va l ue s  f o r a mp l i t ud e  me a s u r e s  s h o u l d  b e  t r e a t e d  

c a u t i o u s l y  a s  wo o l  g r o wt h  d a ta , i n  t h i s  e x pe r i me n t ,  d i d n o t  

e n c o mp a s s  t h e  e x p e c t e d  t i me o f  ma x i mu m  wo o l  g r o wt h  i n  

D e c e mb e r t h r o ug h  F e b r ua r y f o l l o w i n g h o gg e t s h e a r i n g .  T h e  

a mp l i t ud e  o f  f i br e  d i a me t e r  wa s l owe r i n  FW s h e e p  i f  t h e  

l o c a l ma x i mum i n  F e b r ua r y  f o l l o w i n g  l a mb s h e a r i n g wa s 

c ompa r e d  w i t h  t h e  m i n i mu m  o v e r w i n t e r . 

8 . 4 . 2 . 3  I n t e r a c t i o n s  b e t we e n  wo o l  g r o w t h  c ha r a c t e r i s t i c s i n  

d e s c r i b i ng s t r e n g t h  

I n  o r d e r  t o  o bs e r ve t h e  j o i n t e f f e c t s  o f  c h a n g e s  i n  me a n  a nd 

a mp l i t ud e  o f  wo o l  g r o wt h  c ha r a c t e r i s t i c s  o n  s t a p l e  s t r e n g t h  

t h e  d a t a  we r e  c o n ve r t e d i n t o  s t a nd a r d  n o r ma l  d e v i a t e s . 

O b s e r va t i o n s  wi t h i n  o n e
/\

(S D) e i t h e r s i d e  o f  the me a n  we r e  

standard deviation 
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c o d e d  a s  ' 0 '  a nd t h o s e  g r e a t e r  t ha n  o n e  S D  f r o m t h e  me a n  o n  

n e ga t i ve a nd p o s i t i ve e x t r e me s  we r e  c o d e d  a s  ' - 1 '  o r  ' + 1 '  

r e s pe c t i ve l y .  Da t a  we r e  a r r a ng e d  i n t o  3 - wa y c o n t i ng e n c y  

t a b l e s  w i t h  w o o l  g r o w t h me a s u r e s  f o r m i n g  2 s i d e s  o f  t he 

t a b l e  a nd g e n o t y p e  o r  s t a p l e  s t r e n g t h  c o ns t i t u t i ng t h e  

t h i r d d i me n s i o n . G r i d s  we r e  a na l ys e d  b y  t h e  G - t e s t  ( l o g ­

l i k e l i h o od t e s t )  a s  o u t l i n e d  b y  S o k a l a nd R o h l f  ( 1 9 6 9 ) a nd 

K u l l ba c k  ( 1 9 5 9 ) t o  t e s t  f o r i nd e p e nd e n c e  a n d  i nt e r a c t i o n o f  

g r i d  d i me n s i o n s . T h e s e  t e s t s we r e  us e d  s o l e l y t o  a i d i n  t h e 

i n t e r pr e t a t i o n o f  r e s u l t s . F i g u r e s  8 . 5  a )  t h r o u g h  d )  s h o w  

t h e  r e s p o n s e  o f  s t a p l e  s t r e n g t h  t o  s i mu l t a n e o u s c h a n g e s  i n  

pa i r s o f  w o o l  g r o w t h  c ha r a c t e r i s t i c s . T h e  h e i gh t  o f  e a c h  

ba r r e p r e s e n t s  t he me a n  s ta p l e  s t r e ng t h  o f  s he e p  i n  e a c h  

c e l l  o f  t h e  g r i d . A l s o  s h o wn i n  t h e s e  f i g u r e s  a r e  t h e  

w i t h i n - c e l l  p r o p o r t i o n s  o f  o bs e r va t i o n s  r e p r e s e n t e d  b y  F W  

a nd C s h e e p . T h e  me a n  r e s p o n s e  o f  s t a p l e  s t r e n g t h  t o  e a c h  

wo o l  g r o w t h  c ha r a c t e r i s t i c  c a n  b e  s e e n  i n  t h e  a t t a c he d  ( 3 x l ) 

g r i d s  a t  t h e  t o p a nd s i d e  o f  e a c h  f i g u r e . Me a n  r e s p o n s e  

ba r s  a r e  a r e f l e c t i o n o f  t h e  r e g r e s s i o n c o e f f i c i e n t s  i n  

T a b l e  8 . 5 . 

T h e  o u t wa r d  c h a n g e s  i n  s t a p l e  s t r e n g t h  a s s o c i a t e d  w i t h  g r i d  

c o mb i na t i o n s  o f  F DAMP a nd MFD we r e  a s  e x p e c t e d . As f i b r e  

d i a me t e r  v a r i e d  l e s s  f r om mo n t h  t o  mo n t h  ( d e c r e a s e d  F DAMP ) 

c ha n g e s  i n  me a n  f i b r e  d i a me t e r  e xe r t e d  a mo r e  p r o n o u n c e d  

e f f e c t  o n  s t a p l e  s t r e ng t h . S i m i l a r l y ,  a s  me a n  f i b r e  

d i ame t e r  i nc r e a s e d , t h e  e f f e c t  o f  i nc r e a s e d  FDAM P  o n  s ta p l e  

s t r e n g t h  a pp e a r e d  t o  b e  mo r e  s e ve r e . I n  t h e  a b s e n c e  o f  

s e l e c t i o n  l i n e  d i f f e r e nc e s  i n  F D AMP t h e  g r e a t e r  s ta p l e  

s t r e n g t h  o f  F W  s he e p  a p p e a r e d  t o  b e  p r i ma r i l y r e l a t e d  t o  

d i f f e r e nc e s  i n  M F D . 

Wh e n  t h e  e f f e c t s  o f  m i n i mum l e n g t h  a n d  m i n i mum f i br e  

d i a me t e r  we r e  c o mpa r e d  s t a p l e  s t r e n g t h  i n c r e a s e d  e q ua l l y 

w i t h  i n c r e a s e d  m i n i mu m  g r o wt h  f o r  e i t h e r  t r a i t  s uc h  t h a t  

l o ng t h i c k  w i n t e r - g r o wn f i b r e s  h a d  t h e  g r e a t e s t s t r e n g t h . 

N o  s h e e p  g r e w  e x t r e me l y l o n g  a nd e x t r e me l y t h i n  wo o l  a n d  
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o n l y  o n e  F W  s h e e p  g r e w  e x t r e me l y  t h i c k a nd s h o r t  wo o l  o v e r 

w i n t e r ,  s ug g e s t i n g a c l o s e  b i o l o g i c a l  l i n k b e t we e n  w i n t e r  

l e ve l s f o r  b o t h  t r a i t s . T h e  i nc r e a s e d  s t r e ng t h  o f  F W  s he e p  

wa s r e l a t e d t o  g r e a t e r  l e n g t h  a nd d i a me t e r  o f  w i n t e r - g r o w n  

wo o l . 

Whe n  t h e  a mp l i t u d e s  o f  l e n g t h  a nd d i a me t e r  we r e  e xa m i n e d  

t og e t h e r  a s t r o n g  i n t e r a c t i o n wa s f o u n d . T h e  e f f e c t  o f  

L P DAMP o n  s t a p l e  s t r e n g t h  wa s g r e a t l y r e d uc e d  a t  h i g h 

a mp l i t ud e s  o f  f i b r e  d i a me t e r  a nd t he e f f e c t  o f  F D AM P  wa s 

g r ea t l y  d i m i n i s h e d  i n  t h e  p r e s e n c e  o f  ma r k e d a mp l i t ud e s  o f  

f i b r e  l e ng t h . T h e  d i s t r i b u t i o ns o f  F W  a nd C s h e e p  we r e  

e q ua l a c r o s s  mo s t  c e l l s o f  t h e  g r i d  w i t h  t h e  e x c e p t i o n s  o f  

h i g h - l o w c o mb i na t i o n s  wh e r e  o n l y  C s he e p  we r e  p r e s e n t  a nd 

me d i um F D AM P  c o mb i ne d  w i t h  l o w L P D AM P  w h e r e  F W  s h e e p  

p r e d o m i na t e d . 

C oa r s e r  s t a p l e s  h a d  l o we r L P DAMP . T h e  e f f e c t o f  L P D AM P  o n  

s t r e n g t h  wa s g r e a t e s t  whe n MFD wa s h i g he r . T h e  a d va n ta g e  o f  

F W  s h e e p  i n  s t a p l e  s t r e ng t h  wa s r e l a t e d  t o  i nc r e a s e d  M F D  a nd 

i t s t e nd e n c y ,  i n  F W  s he e p ,  t o  b e  s t r o n g l y  a s s o c i a t e d  w i t h  

l ow L P D AMP . 

A l t h o u g h  ma n y  o t h e r  p o s s i b l e  c omb i na t i o n s  o f  e f f e c t s  c o u l d  

h a ve be e n  s t ud i e d  t h e  s t a p l e  s t r e n g t h  a d va n t a g e  o f  F W  s he e p  

s e e me d  t o  b e  r e l a t e d  t o  h i gh e r MFD i n  c o mb i na t i o n  w i t h  

r e d uc e d  a mp l i t ud e s  o f  o t h e r  wo o l  c ha r a c t e r s  a nd o p t i mu m  

c omb i na t i o n s  o f  l e n g t h  a nd d i a me t e r  o f  wo o l  g r o wn o v e r  

w i n t e r . 

T h e  e f f e c t  o f  o n e  wo o l  g r o wt h  c h a r a c t e r i s t i c  o n  s t r e ng t h  wa s 

o f t e n  mod i f i e d  u nd e r  c h a n g i ng me a n  va l u e s  o f  o t h e r  wo o l  

g r o wt h  t r a i t s . T h i s  c r e a t e d  a s ys t e m  o f  i n t e r a c t i n g 

e f f e c t s mo r e  d y na m i c t ha n  t h e  s t a t i c  r e l a t i o n s h i ps i mp l i e d 

i n  t h e  s i mp l e  l i n e a r  r e g r e s s i o n s  p r e s e n t e d  i n  S e c t i o n 

8 . 4 . 2 . 2  . I f  mo r e  d a t a h a d  b e e n  a va i l a b l e  mu l t i va r i a t e 

a p p r o a c h e s  s u c h  a s  c a n o n i ca l  c o r r e l a t i o n o r  c a n o n i c a l  



va r i a t e s  a na l ys i s  m i g h t  h a v e  b e e n  mo r e  s u i ta b l e  f o r  

e xa m i n i n g t h e s e  i n t e r - r e l a t i o n s h i ps b e t we e n  va r i a b l e s . 

1 9 2  

8 . 4 . 2 . 4  R e l a t i o n s h i p  be t we e n  m o n t h  o f  b r e a k  a nd wo o l  g r o wt h  

c ha r a c t e r i s t i c s 

I n  C s h e e p ,  M LF D  wa s c l o s e l y  r e l a t e d  t o  b o t h  MB a nd MLCP D 

whe r e a s , 

e v i d e n t . 

i n  F W  s he e p ,  t h e s e  r e l a t i o n s h i ps we r e  l e s s  

I t  c o u l d  b e  t h a t s h o r t  p e r i od s  o f  r e s t r i c t e d  

g r o wt h  h a v e  h a d  a g r e a t e r  i n f l ue n c e  o n  t h e  br e a k i ng r e g i o n  

o f  F W  s he e p . A l t e r na t i ve l y ,  t h e  o c c u r e nc e  o f  t wo r e l a t i ve l y  

we a k  r e g i o n s  a l o ng t h e  s ta p l e s  o f  FW s he e p  ma y h a ve g i ve n  

r i s e  t o  a d i f f u s e  b r e a k i n g r e g i o n  c a u s i ng t he i n t e r ve n i n g 

m o n t h  t o  b e  r e c o r d e d  ( s e e  F i g u r e  8 . 4 ) . R o t t e n b u r y  ( 1 9 7 9 ) 

f o u nd t h a t  s o u n d  wo o l s b r e a k  i n  a l e s s  c l e a r l y  d e f i n e d  

r e g i o n  t ha n  t e nd e r  wo o l s . H o we ve r ,  t h i s  d i s c r e pa nc y  b e t we e n  

mo n t h  o f  b r e a k  a nd mo n t h  o f  l o we s t  f i b r e  g r o wt h  ma y a l s o  

r e f l e c t  e r r o r s  i n  d e t e c t i ng r e l a t i ve l y  s ma l l  c h a n g e s i n  

f i b r e  d i a me t e r  o r  l e n g t h  o n  a mo n t h  t o  mo n t h  b a s i s . 

C o n t r o l  h og g e t s  r e a c h i n g m i n i mu m  wo o l  g r o wt h  l a t e r  i n  t h e  

y e a r  h a d  l o we r a b s o l u t e  l e n g t h  a n d  we i gh t  p e r  d a y  m i n i mu ms 

t ha n  C s h e e p  r e a c h i n g m i n i mu m  wo o l  g r o w t h  e a r l i e r  i n  t h e  

s e a s o n . T h e  mo n t h  o f  l owe s t  f i b r e  d i ame t e r  a nd l o we s t  

l e ng t h  g r o w t h  r a t e  we r e  m o r e  c l o s e l y  r e l a t e d  i n  C t h a n  i n  

F W  h o g g e t s . T h e s e  d i f f e r i n g a s s o c i a t i o n s  i n  FW a nd C s he e p  

b e t we e n  mo n t h  a nd l e ve l o f  m i n i mu m  wo o l  g r o wt h  h a ve 

p r o ba b l y  g i v e n  r i s e  t o  t h e  t e n t a t i ve r e l a t i o ns h i p  b e t we e n  

l a t e r  mo n t h  o f  b r e a k  a nd l o we r s t a p l e  s t r e ng t h  i n  C s h e e p  

wh i c h  wa s a bs e n t i n  F W  s he e p . 

8 . 4 . 2 . 5  O t h e r f a c t o r s  c o n t r i b u t i n g t o  s ta p l e  s t r e ng t h  

T h e  p o s s i b i l i t y e x i s t s  t h a t  f a c t o r s  o t h e r  t ha n  f i br e  g r o w t h  

pa t t e r n s  a r e  a f f e c t i n g d i f f e r e n c e s  i n  s ta p l e  s t r e ng t h  i n  F W  

a nd C s h e e p . 
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1 .  I n t r i n s i c  s t r e ngt h : T h e  l o w  p r o p o r t i o n o f  va r i a t i o n  

i n  s t a p l e  s t r e n g t h  wh i c h i s  e x p l a i n e d  b y  wo o l  g r o wt h  

c ha r a c t e r i s t i c s  ( ma x . 3 8 % ) ma y i nd i c a t e t h a t  wo o l  f i b r e s  f r om 

F W  a nd C s h e e p  d i f f e r  i n  i n t r i ns i c  s t r e n g t h . I n t r i ns i c 

s t r e ng t h  i s  l a r g e l y  i nd e pe nd a n t  o f  c r o s s  s e c t i o na l  a r e a . 

P o s s i b l e  c a u s e s  may r e l a t e  t o  c o r t i c a l  c e l l  typ e s ,  a s  

p r o p o s e d  b y  O r w i n e t  a l . ( 1 9 8 0 ;  1 9 8 5 ) ,  o r  t o  d i f f e r e n c e s  i n  

p r o t e i n / a m i n o  a c i d  c omp o s i t i o n o f  wo o l . The s e  e f f e c t s  o n  

s ta p l e  s t r e ng t h  ( p r o p o r t i o n a nd a r r a n g e me n t  o f  o r t h o - a nd 

pa r a - c o r t e x  a nd s u l ph u r  c o n t e n t  o f  c o r t i ca l  c e l l  t yp e s ) a r e  

i nt e r - r e l a t e d  n o t  o n l y  b e twe e n  s h e e p  b u t  a l s o  w i t h i n  t h e  

g r o w i n g  f i b r e  ( Ca r n a b y ,  1 9 8 4 ;  F i t z g e r a l d , 1 9 8 4 ) .  T h e  

r e l a t i o n s h i p  b e t we e n  wo o l  s u l p h u r  c o n t e n t  a nd s ta p l e  

s t r e ng t h  h a s  n o t  b e e n  f u l l y r e s o l ve d  a n d  ma y d e p e nd o n  

r e l a t i ve c h a n g e s  i n  b o t h  t h e  p r o p o r t i o n o f  pa r a - c o r t e x a nd 

t h e  ba l a n c e  o f  p r o t e i n s w i t h i n  t h e  ma t r i x .  Th i s  a r e a o f  

r e s e a r c h  ma y pr o v e  r e wa r d i ng b u t  t h e  i mp l i c a t i o n s  w i t h  

r e s pe c t  t o  s e l e c t i o n l i n e e f f e c t s  a r e  u n c l e a r  a t  t h i s  t i me . 

S e as o na l  a nd a ve r a ge d i f f e r e n c e s  i n  wo o l  s u l p h u r  

c o n t e n t  b e t we e n  t h e  l i n e s  h a v e  n o t  ye t b e e n  e x t e ns i ve l y  

s t ud i e d b u t  a s t ud y  wh i c h i nc l ud e d  s u l p h u r  a na l ys e s  o n  

O c t o b e r - g r o wn wo o l  f r om 5 FW a nd 5 C s he e p  ( Hc Cu t c h e o n  e t  

a l . ,  ( 1 9 8 7 ) ) wa s u na b l e  t o  d e m o n s t r a t e s e l e c t i o n l i n e  

d i f f e r e nc e s  i n  s u l ph u r  c o n t e n t . P i pe r  a nd Do l l i ng ( 1 9 6 6 ) 

c o mpa r e d  h i g h ( F + ) a nd l o w  ( F - )  f l e e c e we i g h t - s e l e c t e d  l i ne s  

o f  M e r i n o s  g r a z e d  t o g e t h e r  o n  l o w q ua l i t y pas t u r e . T h e  

c o r r e l a t i o n s b e t we e n  s u l p h u r  c o nc e n t r a t i o n a nd mo n t h l y  wo o l  

g r o wt h  we r e  - 0 . 6 9 a n d  0 . 2 8 f o r F - a nd F +  l i n e s . T h e  l o w 

l i n e  a l s o  h a d  g r e a t e r  s e a s o n a l va r i a t i o n i n  wo o l  s u l ph u r ­

c o n c e n t r a t i o n a nd a s  s u l ph u r  s u pp l y  wa s n o t  l i m i t i n g t o  

wo o l  g r o wt h  t h e y  e x h i b i t e d  t h e  n o r ma l  wo o l  g r o w t h : s u l p h u r  % 

r e l a t i o n s h i p . I n  c o n t r a s t ,  t h e  F +  l i n e  wa s l i k e l y  n e a r  i t s 

b i o l o g i ca l  m i n i mum l e ve l o f  s u l p h u r  c o n c e n t r a t i o n . T h e  

l owe r c o n c e n t r a t i o n o f  s u l p h u r  i n  h i g h p r o d u c i n g M e r i n o s  i s  

r e l a t e d  t o  a d e c r e a s e  i n  t h e  p r o p o r t i o n  o f  h i g h - s u l ph u r  

p r o t e i n s i n  t h e  f i b r e  ma t r i x .  
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2 .  T e c h n i qu e s o f  me a s u r i ng wo o l  gr o wt h : T h e  l o w R 2  o f  

p r e d i c t i n g s t a p l e  s t r e n g t h  i n  t h e s e  d a t a  c o u l d  a l s o  r e l a t e  

t o  t h e  i na b i l i t y o f  t h e t e c h n i q u e s  e mp l oyed t o  i d e n t i f y 

s h o r t  t e r m  c ha n g e s  i n  f i br e  d i me n s i o n s  wh i c h ,  a l t h o u g h  n o t  

e nd u r i ng l o n g  e n o u g h  t o  a f f e c t  a ve r a g e  mo n t h l y  

me a s u r e me n t s , ma y h a v e  p r o f o u n d  e f f e c t s  o n  f i br e  a nd s ta p l e  

s t r e n g t h . F o r  e xa mp l e , a we a k  r e g i o n  ma y o n l y  b e  lmm l o n g  

o v e r a g u a g e  l e n g t h  o f  8 c m . M o r e  a c c u r a t e  me a s ur e me nt s  o n  

f i b r e  d i a me t e r  c h a n ge s , s uc h  a s  a r e  p o s s i b l e  w i t h m o d e r n  

c omp u t e r -a s s i s t e d  i ma ge a n a l ys i s ,  ma y g r e a t l y  i mp r o v e  o u r  

a b i l i t y t o  i d e n t i f y s t r uc t u r a l c h a n g e s  i n f l ue nc i ng s t a p l e  

s t r e ng t h . L o w  R 2  ma y a l s o  b e  a c o n s e q u e n c e  o f  t h e  ma n y  

e r r o r s  a s s o c i a t e d  w i t h  s ta p l e  s t r e ng t h  me a s u r e me n t  a nd t he 

d e t e r m i n a t i o n o f  l e n g t h  a n d  d i a me t e r  f r om s ma l l  s a mp l e s . 

3 .  F o l l i c l e p o pu l a t i o n : Va r i a t i o n i n  p r i ma r y  a nd 

s e c o n d a r y  f o l l i c l e  g r o wt h p a r a me t e r s ,  a s  we l l  a s  t h e i r  

r a t i o s w i t h i n  t h e  f o l l i c l e  p o p u l a t i o n o f  FW a nd C s h e e p ,  ma y 

h a v e  a l s o  c o n t r i b u t e d  t o  d i f f e r e n c e s  i n  a nd e r r o r s  i n  t h e  

me a s u r e me n t  o f  s ta p l e  s t r e n g t h . 

4 .  E nv i r o n me n ta l e f f e c t s : B a c t e r i a l i nva s i o n o f  t h e  

s k i n  s u r f a c e  c a n a l s o  r e d u c e  s ta p l e s t r e n g t h ,  w i t h o u t  

c a u s i ng o ve r t  c h a n g e s  i n  f i br e  d i me n s i o n s , t h r o u g h  d a ma g e  t o  

t h e  i n t e r c e l l u l a r  c e me n t  o f  t h e  f i b r e . Th i s  e n z yma t i c  

d a ma ge i s  a l s o  r e l a t e d  t o  t h e  i nc i d e nc e  o f  wo o l  f a u l t s s u c h  

a s  c o t t i n9 a nd , s t a i n i ng . F l e e c e s  w i t h  mo r e  o p e n  s ta p l e  

s t r uc t u r e  ma y a l s o  b e  mo r e  s u b j e c t  t o  we a t h e r i ng t ha n  

f l e e c e s  w i t h  a mo r e  d e n s e  s t a p l e  a r r a n g e me n t  ( R o s s , 1 9 6 2 ) 

8 . 4 . 3  T h e  r e l a t i o n s h i p  b e t we e n  h a n d - p u l l g r a d e a nd s t a p l e  

s t r e ng t h  

B o t h  t h e h i g h p h e n o t y p i c  c o r r e l a t i o n ( . 5 8 )  b e t we e n  h a nd - p u l l 

g r a d e  a nd s t a p l e  s t r e n g t h  ( Ta b l e  8 . 4 ) a nd t h e  s i m i l a r i t y o f  

r e s p o n s e  o f  h a nd - p u l l  g r a d e  a nd s t a p l e  s t r e n g t h  t o  wo o l  
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g r o wt h  c h a r a c t e r i s t i c s ( Ta b l e s  8 . 3 , 8 . 6 )  wo u l d i mp l y  t ha t 

r e a s o na b l e  p r o g r e s s  i n  s t a p l e  s t r e n g t h  s h o u l d  a c c o mp a n y  

s e l e c t i o n f o r  h i g h e r h a n d - p u l l  g r a d e . P h e n o t yp i c  

c o r r e l a t i o n s  o f  . 6 5 h a v e  b e e n  r e p o r t e d  by R o s s  ( 1 9 6 0 ) a nd 

g e ne t i c c o r r e l a t i o n s  o f  . 5 4 h a ve b e e n  f o u n d  by N e wma n 

( u n p u b l i s h e d ) .  I n  Aus t r a l i a n  s t ud i e s ,  whe r e  ha n d - pu l l  g r a d e  

h a s  b e e n  c r o s s - c h e c k e d w i t h  s t a nd a r d  s a mp l e s , t h e  

c o r r e l a t i o n b e t we e n  h a n d - p u l l  g r a d e  a nd s t a p l e  s t r e n g t h  h a s  

b e e n  a s  h i g h a s  . 9  ( R o t t e n b u r y ,  1 9 7 9 ) . U n l e s s  s t a p l e  

s p l i t t i n g p r a c t i c e s  a r e  s t a nd a r d i z e d  wh i l e h a n d -t e s t i ng 

f l e e c e  s a mp l e s  f o r s o u n d n e s s , a g r e a t  d e a l o f  e r r o r c a n  b e  

i n t r o d u c e d , e s pe c i a l l y w i t h  r e s pe c t  t o  m i s - c l a s s i f i ca t i o n 

o f  h i g h s t r e n g t h  s t a p l e s . 

T e mp o r a r y  e r r o r s  i n  a s s e s s me n t  we r e  p o s s i b l y  a l a r g e  s o u r c e  

o f  s e x  d i f f e r e n c e s  i n  h a nd - p u l l  g r a d e  ( i n t h e a b s e n c e  o f  

me a s u r a b l e  d i f f e r e n c e s  i n  s t r e n g t h ) f o u n d  i n  t h i s  t r i a l . 

Ewe a n d  r a m  h o g g e t s  we r e  a s s e s s e d  o n  s e pa r a t e  d a ys . 

A l t h o u g h  R o t t e n b u r y  ( 1 9 7 9 ) f o u nd l a r g e  d i f f e r e nc e s  i n  t h e  

s t a p l e  l i ne a r  d e n s i t y a nd s ub s e q u e n t  h a n d - p u l l  g r a d e  b o t h  

b e t we e n  a nd w i t h i n  o p e r a t o r s , t h e  s i z e o f  s t a p l e s  s e l e c t e d 

a p pe a r s  t o  h a ve b e e n  r e l a t i ve l y  c o n s t a n t  i n  t he s e  d a t a  

( Ta b l e  8 . 6 ) . 

8 . 4 . 4  Ewe h o g g e t  a nd t wo - t o o t h  s t a p l e  s t r e n g t h  

T h e  we a k  r e l a t i o n s h i p  be t we e n  h o g g e t a nd t wo - t o o t h  s t a p l e  

s t r e n g t h  f o u n d  i n  t h i s  s t ud y  s h o u l d  b e  v i e we d  w i t h  c a u t i o n 

a s  ve r y  f e w  s h e e p  we r e  i nv o l ve d  a nd t h e s t r e n g t h  o f  O c t o b e r  

s h o r n  t wo - t o o t h  s a mp l e s  wa s v e r y  l o w .  Ma n y  samp l e s  we r e  s o  

bad l y  c o t t e d  t ha t  i t  wa s d i f f i c u l t  t o  r e mo v e  i nd i v i d ua l 

s t a p l e s  w i t h o u t  l o s i ng t h e s t a p l e  b u t t . 

Ve r y  l i t t l e  i n f o r ma t i o n i s  a va i l a b l e  o n  t h e  r e l a t i o ns h i p  

b e t we e n  h o g g e t  a n d  l i f e t i me s t a p l e  s t r e ng t h . N e wma n 

( u n p u b l i s h e d ) h a s  f o u nd r e p e a ta b i l i t i e s  o f  . 2 6 be twe e n  

h o g g e t  a nd t wo - t o o t h  o r  l i f e t i me s t a p l e  s t r e n g t h  r e l a t i v e 

t o  a r e pe a ta b i l i t y o f  . 3 8 be t we e n  t wo - t o o t h  a nd l i f e t i me 
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s t a p l e  s t r e ng t h . R e p e a t a b i l i t i e s  o f  h a nd - p u l l  g r a d e s  we r e  

s o me wh a t  l o we r ( . 1 4 v s  . .  2 0 ) Al l s h e e p  we r e  s h o r n  p o s t ­

l a mb i n g i n  O c t o be r . R o s s ( l 9 6 5 )  q u o t e d  r e pe a t a b i l i t i e s  o f  
ifld.iCOtiVJ_9 fha_t S£[ec.tiorJ oh 0 . 2 1 a nd 0 . 5 0 � f o r h i g h h o g g e t  s t a p l 1� t r e n g t h  m i g h t  n o t  

n e c e s s a r i l y  i mp r o ve s t a p l e  s t r e ng t h  i n  t h e  e we c l i p .  T h e  

g e ne t i c  a nd p h e n o t yp i c  c o r r e l a t i o n s  b e t we e n  h o g g e t  a n d  

s u bs e q u e n t  s ta p l e  s t r e ng t h  n e e d  t o  b e  mo r e  f u l l y e xa m i n e d  

b e f o r e  t h e  e f f e c t  o f  s e l e c t i o n p o l i c i e s i n  h o gg e t s  o n  

s u bs e q u e n t  p e r f o r ma n c e  c a n  b e  p r e d i c t e d . 

N o  e f f e c t  o f  l a mb i n g s t a t u s o n  s t a p l e  s t r e n g t h  wa s e v i d e n t  

i n  t h e  s ma l l  n u mb e r o f  s h e e p  s t ud i e d . S t e v e n s  a nd Wr i g h t  

( 1 9 5 1 ) ,  L a mb o u r n e  ( 1 9 5 6 ) ,  H i g h t  e t  a l . ( 1 9 7 6 ) ,  B i g ha m  e t  

a l . ( 1 9 7 8 b ) , H o r t o n  a nd W i c k ha m  ( 1 9 7 9 ) a nd H a wk e r  ( 1 9 8 4 ) 

r e p o r t e d  i nc r e a s e d  n u mb e r s  o f  u n s o u n d  f l e e c e s  w i t h  

i nc r e a s i ng n umbe r o f  l a mbs b o r n  a nd r e a r e d . I n  c o n t r a s t ,  

R o s s  ( 1 9 6 5 )  f o u nd t w i n - b e a r i n g e we s  t o  h a v e  1 0 %  h i gh e r  

s ta p l e  s t r e ng t h s  t ha n  s i n g l e - b e a r i n g e we s . Ha wk e r  ( 1 9 8 4 ) 

a l s o  s h owed t h a t  t h e e f f e c t  o f  l a mb i n g s t a t u s o n  s t a p l e  

s t r e ng t h  wa s r e d uc e d  b y  d e l a y i ng l amb i ng d a t e s  s o  t h a t  

p h o t o pe r i od i c a nd p h ys i o l o g i ca l  i n f l u e n c e s  we r e  s e pa r a t e d . 

8 . 5  S UMMAR Y AN D  C O N CL U S I ON S  

B o t h  s t a p l e  s t r e n g t h  a nd h a nd - pu l l  g r a d e  we r e  mod e r a t e l y  

h e r i t a b l e  a nd , a s  s uc h , s h o u l d  r e s p o nd t o  d i r e c t  s e l e c t i o n .  

T h e  c o r r e l a t e d  r e s p o n s e  i n  s t a p l e  s t r e ng t h  o f  � 6 N / k t e x  

i nd i ca t e s  t h e  p r e s e n c e  o f  p o s i t i ve g e ne t i c  c o r r e l a t i o n s  

b e t we e n  s t a p l e  s t r e n g t h  a nd f l e e c e we i gh t  a nd/ o r  t he i r  

c o n t r i b u t i ng t r a i t s . A l t h o u g h  g r e a s y  f l e e c e we i g h t  h a d  a 

r e l a t i ve l y l ow p h e n o t yp i c  c o r r e l a t i o n w i t h  s t a p l e  s t r e n g t h  

t h e  e f f e c t  o f  s e l e c t i o n f o r  g r e a s y  f l e e c e we i g h t  h a s b e e n  t o  

i nc r e a s e  s t a p l e  s t r e n g t h  b y  i n c r e a s i n g t h e  l e n g t h ,  d i a me t e r  

a nd s u bs e q u e n t  we i g h t , o f  f i b r e s  g r o wn o v e r  w i n t e r  mo n t h s  

w i t h  s ma l l  c o n c o tn i t a n t  a n d  c omp l� me n ta r y  d e c r e a s e s  i n  t he 
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a mp l i t u d e  o f  f i b r e  l e ng t h  a nd wo o l  we i g h t . I n c r e a s e d  me a n  

f i b r e  d i a me t e r  o f  F W  s he e p  a l s o  c o n t r i bu t e d  t o  i n c r e a s e d 

s t r e n g t h . 

H a nd - p u l l  g r a d e  wa s s t r o n g l y  c o r r e l a t e d  t o  me a s u r e d  s ta p l e 

s t r e n g t h  a nd s h o u l d b e  a u s e f u l  a l t e r na t i ve me a s u r e me n t 

t e c h n i q u e  i f  u s e d  w i t h  d i l i ge n t  a t t e nt i o n t o  s t a p l e  

s e l e c t i o n ,  t h e  n u mb e r o f  s t a p l e s  t e s t e d  a nd c r o s s  

r e f e r e nc i ng t o  p r e v i o us l o t s  o f  t e s t e d s a mp l e s . I f  mo r e  

p r e c i s e  me a s u r e me n t s  a r e  r e q u i r e d , s uc h  a s  m i g h t  b e  r e q u i r e d  

i n  r a m s e l e c t i o n ,  t h e n  o b j e c t i ve me a s u r e me n t s  wo u l d b e  

r e c o mme nd e d . 

doselY' 
S t a p l e  s t r e n g t h  i n  t wo - t o o t h s wa s n o t� r e l a t e d  t o  s t a p l e  

s t r e n g t h  i n  t h e s a me a n i ma l s a s  h o g g e t s . F u r t h e r  s t ud y o f  

t he r e l a t i o n s h i p  b e t we e n  h o g g e t a n d  t wo - t o o t h  s t a p l e  

s t r e n g t h  i s  wa r r a n t e d  be f o r e  h o g g e t s t a p l e  s t r e n g t h  i s  

i n c l ud e d  a s  a s e l e c t i o n c r i t e r i o n i n  s h e e p  i mp r o v e me n t  

p r o g r a mme s . 

T h e  i mp l i ca t i o n o f  t h e s e  a nd p r e v i o u s  r e s u l t s i s  t ha t  

s e l e c t i o n f o r  h i g h  w i n t e r  wo o l  g r o wt h  ( Ma y - J u l y ) ma y be a n  

e f f e c t i ve me t h o d  o f  i mpr o v i n g  b o t h  s ta p l e  s t r e ng t h  a nd 

f l e e c e we i g h t  o f  h o gg e t s  by g e n e t i c  me a n s . Th i s  d o e s  n o t  

i mp l y ,  h owe v e r ,  t h a t  e q u i va l e nt o r  g r e a t e r  r e s p o n s e  i n  b o t h  

c ha r a c t e r s  c o u l d n o t  b e  a c h i e v e d  t h r o ug h  o t h e r  s e l e c t i o n 

me t h od s  ba s e d  s o l e l y o n  f l e e c e we i g h t  o r  o n  f l e e c e we i g h t  i n  

c o mb i n a t i o n  w i t h  s ta p l e  s t r e n g t h  o r  h a nd - pu l l  g r a d e . I n  

a ny s e l e c t i o n p r o g r a mme t h e  c o s t  o f  o b t a i n i n g d a t a  o n  

s pe c i f i c t r a i t s s ho u l d n o t  o u t we i g h  t h e  be n e f i t s f r o m t h e i r  

i n c l u s i o n a s  s e l e c t i o n c r i t e r i a . 



1 9 8  

GENERAL D I S CU S S I ON AN D CONCL U S I O N S  

A s i n g l e  t r a i t  f l e e c e  we i g h t  s e l e c t i o n f l o c k , t h e  Ma s s e y  

U n i ve r s i t y P T  f l o c k , h a s  p r o v i d e d  a n  e x c e l l e n t  ba s i s  f o r  t h e 

s t ud y  o f  p h ys i o l og i ca l  a nd p r o d u c t i v e  d i f f e r e nc e s  b e t we e n  

s e l e c t e d l i n e s . G e n e t i c r e s o u r c e s  s u c h  a s  t h i s  d o  n o t  o f t e n  

e x i s t . Ma s s e y  Un i ve r s i t y ,  a nd h e r  a s s o c i a t e d  

a d m i n i s t r a t o r s , a s  we l l  a s  t h e  r e s e a r c h e r s  i n vo l ve d  w i t h  t h e  

i n i t i a t i o n o f  t h i s  s e l e c t i o n f l o c k , a r e  t o  be c o mme n d e d  f o r 

c o mm i t i n g a nd c o n t r i b u t i n g  r e s o u r c e s  f o r t h e ma i n t e n a n c e  o f  

t h e s e  f l o c k s  o v e r  l o n g  t e r ms . A s t ud y  o f  t h e  na t u r e  

r e p o r t e d  h e r e ,  wo u l d n o t  h a v e  b e e n  e f f e c t i ve us i ng s c r e e n e d  

p o p u l a t i o n s . 

I n i t i a l  o b j e c t i v e s  a nd e ve n t ua l p u r s u i t s d o  n o t  a l wa y s  

c o i n c i d e . T h e  o r i g i na l  p u r p o s e  o f  p r e l i m i n a r y  

i nv e s t i ga t i o n s  wa s t o  d o  d e t a i l e d  p h ys i o l o g i ca l c ompa r i s o n s  

o f  t h e  l i n e s ,  e s p e c i a l l y a s  t he s e  s t ud i e s  r e l a t e d  t o  p r o t e i n  

d i ge s t i o n a nd me t a b o l i s m .  W i t h  t h i s  o b j e c t i ve ,  a l o n g  

i nd o o r  t r i a l  wa s i n i t i a t e d  t o  d e t e r m i ne i f  d i f f e r e nc e s  i n  

t h e  a p pa r e n t a b i l i t y  t o  d i g e s t  n u t r i e n t s  d i d o r  d i d n o t  

e x i s t  i n  t h i s  f l o c k . 

T h e  c o n d u c t  o f  p e n  t r i a l s  c a n  b e  a f r u s t r a t i n g e x p e r i e n c e . 

D e c i s i o n s  a b o u t  a d  l i b i t um vs . c o n t r o l l e d f e e d i ng a nd t h e  

n u mb e r o f  a n i ma l s  p e r  l i n e  r e q u i r e d  a r e  n e a r l y  i mp o s s i b l e  t o  

ma k e  w i t h o u t s ome a p r i o r i  k n o w l e d g e o f  d i f f e r e nc e s  i n  

p r o d u c t i ve r e s po n s e s  b e t we e n  g r o u p s . T h e  n a t ur e o f  t h e s e  

t r i a l s  r e q u i r e s  f a i r l y l o ng t e r m f e e d i ng a nd c a r i ng i nd o o r s , 

a nd t h e r e  i s  t he a d d i t i o na l c o mp l i c a t i o n o f  a c r o s s  s e a s o n  

c ompa r i s o n s  be i n g p o t e n t i a l l y c o n f o u n d e d  wi t h  t r e a t me n t s  

a p p l i e d i n  s e r i e s . 

N o t w i t hs t a n d i ng t h e s e  a f f l i c t i o n s , s ome ve r y  u s e f u l  r e s u l t s  

we r e  o b t a i n e d  f r o m t h e  i nd o o r  t r i a l . I n  t h r e e  r e pe a t e d  

o bs e r va t i o n p e r i o d s  a nd u nd e r  d i e t s  o f  va r y i n g q u a n t i t y a nd 

q ua l i t y ,  a d i f f e r e nc e  i n  F W  a n d  C s h e e p  i n  t h eAa b i l i t y t o  

apparent 
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t i ng e s t e d  n u t r i e n t s  wa s n o t  d e mo n s t r a t e d . 

F u r t h e r mo r e , F W  r a ms we r e  c a pa b l e  o f  u t i l i z i n g a d d i t i o n a l 

s up p l i e s  o f  a m i n o  a c i d s  t o wa r d s  wo o l  g r o wt h , wh i l e t h e  wo o l  

g r o wt h o f  C r a ms d i d n o t  r e s p o n d . S i g n i f i ca n t  d i f f e r e n c e s  

i n  wo o l  p r od u c t i o n we r e  o b t a i ne d  o v e r t h e  e n t i r e  c o u r s e  o f  

t h e  e x pe r i me n t , wh i c h r a n  o v e r w i n t e r . And f i na l l y ,  s ome 

i n t r i g u i ng r e s u l t s r e l a t e d  t o  u r i ne o u t p u t  we r e  o b t a i n e d  

t ha t  l e d  t o  u s e f u l  s u b s e q u e n t  i nv e s t i g a t i o n s  b y  o t h e r  

a u t h o r s  ( C l a r k ,  1 9 8 7 ;  M c Cu t c he o n  e t  a l . ,  1 9 8 7 ) . 

R e a s s u r i ng l y ,  t h e s e  r e s u l t s we r e  a l s o  i n  a g r e e me n t w i t h  ma n y  

Au s t r a l i a n  M e r i n o c o mpa r i s o n s  ( W i l l i a ms , 1 9 7 9 ) s o  t he f i e l d 

wa s o pe n  t o  p u r s u e o t h e r  i n t e r e s t s  w i t h  c o n f i d e n c e . 

As t h o u g h t s  p r o g r e s s e d  a nd c o ng e a l e d ,  t h e  n o t i o n o f  

c o mpa r i n g a nd s t ud y i n g  t h e s e  a n i ma l s  t h r o u g h o u t  t h e  wo o l  

g r o wt h  p e r i o d t h a t  c o n t r i b u t e d  t o  t h e i r  u l t i ma t e 

s e l e c t i o n / r e j e c t i o n a s  r e p l a c e me n t  a n i ma l s b e c a me a p p e a l i n g . 

T h e  wo r k  o f  ( t h e  l a t e ) H u g h  H a wk e r  ( Ha wk e r  a nd C r o s b i e ,  

1 9 8 5 )  wa s pa r t i c u l a r l y  e n t i c i n g ,  a s  mo s t  o t h e r  s t ud i e s  h a d  

p u r s ue d  t h e  na t u r e  o f  p r o d u c t i ve d i f f e r e nc e s  u nd e r  t h e  

c o nd i t i o n s  o f  ma x i mu m  g r o wt h ,  t h e  r o u t e d e t e r m i n e d  t o  b e  

mo s t  e l u c i d a t i n g i n  M e r i n o c o mpa r i s o n s . Me r i n o s  a nd R o mn e ys 

a r e  q u i t e  d i f f e r e n t  b e a s t s , n o t  o n l y  i n  t h e q ua l i t y a nd 

f i b r e  p r o pe r t i e s o f  t h e i r  f l e e c e s , b u t  a l s o  i n  t h e  na t u r e  

a nd e x t e n t  o f  p h o t o pe r i od i c  i n f l u e n c e s  o n  pr o d u c t i ve t r a i t s 

s u c h  a s  wo o l  g r o wt h  a nd r e p r od u c t i o n .  

W i t h  t h e s e  t h o u g h t s  i n  m i nd , i t  s e e me d  u n l i k e l y  t h a t  yo u n g  

FW a nd C h o g g e t s , s h e a r e d i n  l a t e  D e c e mb e r o f  t h e i r  f i r s t  

ye a r , c o u l d  ma n a g e  t o  p r od u c e  s i g n i f i c a n t  d i f f e r e nc e s  i n  

h o g g e t f l e e c e  we i g h t  u n l e s s  t h e y  we r e  c a pa b l e  o f  s u s t a i n e d  

s u p e r i o r i t y o v e r w i n t e r . A l s o ,  i t  wa s p o s s i b l e  t ha t  t h e  

e n t i r e s e a s o n a l p r o d u c t i o n c u r ve c o u l d h a ve be e n  l i f t e d  ( a s 

s u gge s t e d  by H a wk e r  e t  a l . ( l 9 8 5 ) , i n  F W  l i n e s . 
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T h e  p o s i t i ve c o r r e l a t e d  r e s p o n s e  i n  n umb e r  o f  l a mbs b o r n  

( B l a i r  e t  a l . ,  1 9 8 5 ) , s e e me d  d i f f i c u l t  t o  e xp l a i n  s o l e l y o n  

t h e  b a s i s  o f  l i ve we i g h t  d i f f e r e nc e s . As b o t h  wo o l  g r o wt h  

a nd r e pr od u c t i o n c a n  b e  m o d i f i e d by p h o t o pe r i od ,  t h e  c o n c e p t  

o f  e s t i ma t i ng d i f f e r e n c e s  i n  t h e  s e a s o na l i t y o f  b o t h  o f  

t h e s e  t r a i t s i n  F W  a nd C h o g g e t s  b e ca me a pp e a l i ng .  I t  wa s 

p o s s i b l e , a t  t h e  s a me t i me , a nd o n  t he s ame a n i ma l s ,  t o  

e va l ua t e  d i f f e r e n c e s  i n  i n t a k e  a n d  wo o l  g r o w t h  e f f i c i e n c y  

u nd e r  g r a z i ng c o nd i t i o n s . 

T h e  r e s u l t s  o f  e f f i c i e n c y  t r i a l s c o n f i r me d  t h o s e  

d e mo ns t r a t e d  i n  t h e  i nd o o r  t r i a l . F W  a nd C r a ms d i d  n o t  

d i f f e r  s i gn i f i ca n t l y  i n  D M I  i n  a ny s e a s o n  o u t d o o r s ,  n o r  we r e  

t he r e  a ny d i f f e r e n c e s  i n  t h e  e f f i c i e n c y  o f  b o d y  g r o wt h  o r  i n  

a ve r a g e da i l y ga i n s . F W  r a ms d i d  ma i n t a i n  h i g h e r  w o o l  

g r o wt h  a nd wo o l  g r o wt h  e f f i c i e n c y  i n  a l l  me a s u r e d  p e r i o d s  

a l t h o u g h  d i f f e r e n c e s  i n  w o o l  g r o w t h  a nd e f f i c i e n c y  we r e  n o t  

s i g n i f i ca n t i n  J a n ua r y ,  a nd J a n u a r y  a nd Apr i l ,  r e s pe c t i ve l y . 

I n  c o n f l i c t w i t h  mo s t  M e r i n o  s t ud i e s ,  wh e r e  d i f f e r e n c e s  i n  

wo o l  g r o w t h  a nd wo o l  g r o wt h  e f f i c i e n c y  a r e  o f t e n  g r e a t e s t  

u nd e r  t h e  mo s t  a d va n t a g e o u s e nv i r o nme n t s � 
t n t h e  R o mn e y  

r a ms s t ud i e d  h e r e , t h e  a b s o l u t e  d i f f e r e n c e  ( 3 . 5 g wo o l / k g  

D D M I ) i n wo o l  p r o d u c t i o n e f f i c i e n c y  wa s e qua l i n  J u l y  a nd 

O c t o be r ,  b u t  pr o p o r t i o n a t e l y  g r e a t e s t  i n  J u l y  ( 6 7 %  r e l a t i ve 

a d va n t a g e  i n  J u l y :  3 3 % r e l a t i ve a d va n t a g e  i n  Oc t o b e r ) ,  t h e  

p e r i o d o f  m i n i mum wo o l  g r o wt h . 

I t  a p p e a r s  c l e a r , t ha t  s e l e c t i o n f o r h i g h e r  f l e e c e  we i g h t  

h a s  p r o d uc e d  a n i ma l s c a pa b l e  o f  b e t t e r  me t a b o l i c u t i l i za t i o n 

o f  n u t r i e n t s  t h r o u g h o u t  t h e  ye a r , b u t  t h e s e  d i f f e r e n c e s  we r e  

mo s t  p r o n o u n c e d  o v e r  w i n t e r mo n t h s . 

M e a s u r e s  o f  t h e  l e ve l a n d a mp l i t ud e  ( 8 8 . 8 % i n  F W  v s . 1 1 9 . 2 % 

i n  C s h e e p ) o f  s e a s o na l  wo o l  g r o wt h  c o n f i r me d t ha t  F W  

h o g g e t s  n o t  o n l y pr od u c e  s i g n i f i c a n t l y  mo r e  wo o l  t h a n  C 

h o g g e t s  i n  a l l  mo n t h s  u p  t o  h o g g e t s h e a r i ng ,  b u t  t ha t  t h e  

a b s o l u t e , a s  we l l  a s  r e l a t i ve a d va n t a g e  i n  ma n y  t r a i t s  wa s 
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g r e a t e s t  i n  w i n t e r mo n t h s . W i n t e r  wo o l  p r o d u c t i o n ( J u n e , 

J u l y  a nd Au g u s t )  o f  F W  s h e e p  a ve r a g e d  4 6 % a b o ve C l e ve l s . 

Abs o l u t e  d i f f e r e n c e s  i n  c l e a n  wo o l  p r o d u c t i o n be t we e n  F W  a nd 

C l i n e s  we r e  g r e a t e s t  i n  t h e mo n t h  j u s t  p r i o r t o  h o g g e t 

s he a r i n g ( 4 . 5 g / d ) a nd l e a s t  i n  t he mo n t h  j u s t  a f t e r  l a mb 

s h e a r i ng ( 1 . 7 g / d ) a nd J u n e  ( 1 . 7 g /d ) . W i n t e r  ( J u n e  o r  J u l y )  

c l e a n  wo o l  p r o d u c t i o n wa s a b l e , i n  t h e  a bs e n c e  o f  a ny o t h e r 

va r i a b l e s , t o  d e s c r i be c l o s e  t o  8 0 % o f  t h e  var i a t i o n i n  

c l e a n  h o g g e t f l e e c e  we i g h t . I t  ma y b e  t ha t  me a s u r e s  o f  

w i n t e r  wo o l  p r o d u c t i o n w o u l d b e  a va l u a b l e  t r a i t  f o r 

p r e s c r e e n i n g o f  b r e e d i ng s t o c k . T h i s  t r a i t  wa s n o t  

s i g n i f i ca n t l y  r e l a t e d  t o  h o g g e t  r e pr o d u c t i ve t r a i t s i n  t h i s  

s t ud y ,  b u t  d i f f e r e nc e s  d i d e x i s t  b e t we e n  t h e  s e l e c t e d  l i n e s . 

S e l e c t i o n f o r h i g h  h o g g e t g r e a s y  f l e e c e  we i g h t  h a s  i nc r e a s e d  

t he p e r c e n t a g e  o f  e we h o gg e t s  a t t a i n i n g p u b e r t y i n  t h e i r  

f i r s t  a u t u m n . T h i s  2 0 - 2 5 % i n c r e a s e  wa s n o t  d u e  t o  s e l e c t i o n 

l i ne d i f f e r e n c e s  i n  l i ve we i g h t  a s  l i v e we i g h t  d i f f e r e n c e s  

o n l y b e c a me s i g n i f i ca n t  i n  e a r l y  J u n e , l o n g  pa s t  t h e  p e a k  o f  

o e s t r u s a c t i v i t y i n  e we h o gg e t s . 

A l t h o ug h  t h e  a b i l i t y o f  F W  h o g g e t s  t o  r e a c h  b e h a v i o u r a l 

o e s t r u s i n  a u t u mn a p pe a r e d  t o  be r e l a t e d  t o  s u bs e q u e n t  e we 

r e pr o d u c t i o n ,  t h e  u n d e r l y i n g ca u s e s  o f  a r e pr od u c t i ve 

c o r r e l a t e d  r e s p o n s e  i n  t h e  Ma s s e y  P T  f l o c k  f i r s t  n e e d s  t o  b e  

a d e q ua t e l y  s e g r e ga t e d  i n t o  d i f f e r e n c e s  i n  f e r t i l i t y a nd 

f e c u nd i t y b e t we e n  l i ne s . W i t h o u t  t h i s  i n f o r ma t i o n ,  n o  

d e f i n i t e  c o n c l u s i o n s  c a n  b e  d r a wn . 

S t ud i e s  i n t o  t h e  s t a p l e  s t r e n g t h  o f  f l e e c e wo o l s f r o m t h e s e  

f l o c k s  we r e  n o t  d i r e c t l y  r e l a t e d  t o  p h ys i o l o g i c a l 

c ompa r i s o n s ; r a t h e r ,  t h e o p p o r t u n i t y e x i s t e d  t o  s t ud y  a 

t r a i t  ( s t a p l e  s t r e n g t h ) wh i c h i s  g e n e r a l l y a c c e p t e d  t o  b e  

h i g h l y r e l a t e d  t o  t he s e a s o na l g r o wt h  o f  wo o l .  As s t a p l e  

s t r e n g t h  i s  a l s o  a pr o d uc t i ve c ha r a c t e r  w i t h  c o n s i d e r a b l e  

e c o n o m i c  we i g h t , t h e  r e l a t i o n s h i p s b e t we e n  s e a s o na l wo o l  

g r owt h a nd s t a p l e  s t r e n g t h  we r e  s t u d i e d r e l a t i ve t o  
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A l t h o u g h  g r e a s y  f l e e c e we i g h t  had a r e l a t i ve l y  l o w p h e n o t y p i c  

c o r r e l a t i o n w i t h  s t a p l e  s t r e ng t h ,  t h e  e f f e c t  o f  s e l e c t i o n  

f o r g r e a s y  f l e e c e we i g h t  wa s t o  i nc r e a s e  s t a p l e  s t r e n g t h  b y  

i n c r e a s i n g t h e  l e n g t h ,  d i a me t e r  a n d  s u b s e q u e n t  we i g h t , o f  

f i br e s  g r o wn o v e r  w i n t e r  mo n t hs w i t h  s ma l l  a nd c o mp l e me n t a r y  

d e c r e a s e s i n  t h e  a mp l i t ud e  o f  t h e s e  t r a i t s .  A l t h o ug h  t h e  

a mp l i t ud e  o f  f i b r e  d i a me t e r  c h a n g e s  wa s s l i g h t l y  l a r g e r  i n  

F W  t ha n  C s h e e p ,  t h i s  r e s u l t e d  f r o m l a r g e i n c r e a s e s  i n  f i b r e  

d i a me t e r  o v e r s p r i n g ,  r a t h e r  t ha n  f r o m e x t r e me d e c r e a s e s  i n  

f i b r e  d i a me t e r  o v e r w i n t e r . 

T h e r e  r e ma i n s c o ns i d e r a b l e  s c o p e  f o r c o n t i n u e d  

i nve s t i ga t i o n s  i n  t h e s e  f l o c k s . O f  f i r s t  c o n c e r n  wo u l d b e  

t h e  e s t i ma t i o n o f  s e a s o na l  t r e nd s  i n  t h e  s u l p h u r  c o n t e n t  o f  

f l e e c e  wo o l  i n  t h e s e  l i n e s , a s  c ha ng e s  i n  s u l p h u r  c o n t e n t  

a r e  c e n t r a l t o  t h e  t h e o r y  o f  a l t e r e d  r e q u i r e me n t s  f o r 

s u l p h u r  c o n ta i n i n g a m i n o  a c i d s i n  t h e s e  f l o c k s . T h e  mo n t h l y  

s a mp l e s  a r c h i ve d  f r o m t h i s  s t ud y  s h o u l d  p r o v i d e  a n  e x c e l l e n t  

f i r s t  r e s o u r c e  f o r  t h i s  p u r p o s e . 

F u r t h e r  e xa m i n a t i o n o f  r e pr o d u c t i ve d i f f e r e n c e s  b e t we e n  F W  

a nd C f l oc k s  s h o u l d  i n c l ud e  t h e  o b s e r va t i o n o f  o e s t r u s a nd 

o v u l a t i o n r a t e , a nd t h e i r  c h a n g e s  w i t h  s e a s o n  i n  o pe n ,  

ma t u r e  F W  a nd C e we s . T h e  r e s u l t s o f  M o n t g o me r y  a nd H a wk e r  

( 1 9 8 7 ) wo u l d  s ug g e s t  t ha t  F W  e we s  ma y h a v e  e x t e nd e d  b r e e d i n g 

s e a s o n , w i t h  a c c o mpa n i e d s u s t a i ne d  o v u l a t i o n  r a t e s  l a t e r  

i n t o  t h e  s e a s o n . 
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N e w  Z e a l a nd J o u r na l  o f  A g r i c u l t u r a l R e s e a r c h  1 7 : 4 0 7 -
4 1 0 . 

B i g h a m ,  M . L .  ( 1 9 8 4 ) .  ( c omme n t ) L i n c o l n  C o l l e ge Wo o l  B u l l e t i n  
N o . l .  P r o c e e d i n g s  o f  o f  a S e m i na r  o n  S t a p l e  S t r e n g t h ,  
Au g u s t  1 9 8 4 . 

B i gh a m ,  M . L . ,  R . M . W . S umn e r  a nd D . C .  Da l t o n  ( 1 9 7 8 a ) . Wo o l  
p r o d uc t i o n o f  d i f f e r e n t  b r e e d s  o n  m i x e d  a g e d  e we s  o n  
h i l l  c o u n t r y . N e w  Z e a l a nd J o u r na l  o f  Ag r i c u l t u r a l 
R e s e a r c h  2 1 : 1 1 9 - 1 2 6 . 

B i g h a m ,  M . L . , R . M . W .  S umn e r ,  K . J .  E l l i o t ( 1 9 7 8 b ) . S e a s o na l 
wo o l  p r o d u c t i o n o f  R o mn e y ,  C o o pwor t h ,  P e r e nd a l e , 
C h e v i o t ,  a n d  C o r r i e d a l e  we t h e r s .  N e w  Z e a l a n d  J o u r na l o f  
Ag r i c u l t u r a l R e s e a r c h  2 1 : 3 7 7 - 3 8 2 . 

B i g h a m ,  M . L . ,  R . M . W .  S umne r ,  H .  H a wk e r  a n d  J . M .  F i t z g e r a l d  
( 1 9 8 3 ) . F l e e c e  t e nd e r n e s s  - A r e v i e w . P r o c e e d i n g s  o f  
t h e  N e w  Z e a l a nd S o c i e t y o f  An i ma l  P r o d u c t i o n 4 3 : 7 3 -
7 8 . 

B i nd o n ,  B . M . , a nd L . R .  P i p e r  ( 1 9 7 6 ) . As s e s s me n t  o f  n e w  a nd 
t r ad i t i o na l t e c h n i q u e s  o f  s e l e c t i o n f o r  r e p r o d u c t i v e 
r a t e . I n :  S h e e p  B r e e d i n g ,  P r o c e e d i n g s  o f  t h e  1 9 7 6  
I n t e r na t i o na l C o n g r e s s , M u r e s k  a nd P e r t h ,  W . A .  Ed . 
T o me s ,  G . J . ;  R o b e r t s o n ,  D . E .  a nd L i g h t f o o t , R . J . ,  



pp . 3 2 2 - 3 2 9 . 

B i s s o n n e t t e , T . H .  ( 1 9 3 5 ) . R e l a t i o n s  o f  h a i r  c yc l e s  i n  
f e r r e t s t o  c ha ng e s  i n  t he a n t e r i o r  h y p o p h ys i s  a nd t o  
l i g h t  c yc l e s . Ana t om i c a l R e c o r d  6 3 : 1 5 9 - 1 6 8 . 
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B i s s o n n e t t e , T . H .  a nd E .  W i l s o n ( 1 9 3 9 ) . S h o r t e n i ng d a y l i g h t  
p e r i od s  b e t we e n  May 1 5  a n d  S e p t  1 2  a nd t h e  p e l t  cyc l e  
o f  t h e  m i n k . S c i e nc e  8 9 : 4 1 8 - 4 1 9 . 

B i s s o n n e t t e , T . H . , a nd E . E .  B a i l e y  ( 1 9 4 4 ) . E x pe r i me n t a l 
mod i f i ca t i o n a nd c o n t r o l  o f  mo u l t s a nd c ha ng e s  o f  c o a t  
c o l o u r  i n  we a s e l s by c o n t r o l l e d  l i g h t i n g .  Ann a l s  N e w  
Y o r k  Ac a d e my o f  S c i e n c e  4 5 : 2 2 1 - 2 6 0 . 

B i t t ma n ,  E . L .  ( 1 9 8 4 ) .  M e l a t o n i n  a nd p h o t o p e r i od i c t i me 
mea s u r e me n t : E v i d e n c e  f r o m r o d e n t s  a nd r um i na n t s . I n  
' ' T h e  p i n e a l  g l a nd " ,  Ed . R . J .  R e i t e r , R a v e n P r e s s , N e w 
Y o r k . p p . l 5 5 - 1 9 2 . 

B i t t ma n ,  E . L . , F . J .  K a r s c h ,  R . J .  D e mp s e y  ( 1 9 8 2 ) . P i n e a l 
me l a t o n i n  m e d i a t e s  ph o t o pe r i od i c  d r i ve o f  s e a s o na l  
c h a n g e s  i n  p u l s a t i l e L H  s e c r e t i o n i n  s he e p . Abs t r a c t  
9 8 3 ,  6 4 t h  An n u a l Me e t i ng o f  t h e E n d o c r i n e S o c i e t y ,  S a n  
F r a nc i s c o . 

B i t t ma n ,  E . L . ,  R . J .  D e mp s e y  a nd F . J .  K a r s c h  ( 1 9 8 3 a ) . P i n e a l 
me l a t o n i n  s e c r e t i o n d r i ve s  t h e  r e p r od u c t i ve r e s p o n s e  t o  
d a y l e n g t h  i n  t h e  e we . E n d o c r i n o l o gy 1 1 3 : 2 2 7 6 - 2 2 8 3 . 

B i t t ma n ,  E . L . ,  F . J .  K a r s c h  a nd J . R .  H o p k i ns ( 1 9 8 3 b ) . R o l e  o f  
t h e  p i n e a l g l a n d  i n  o v i n e  p h o t o p e r i od i s m :  R e g u l a t i o n o f  
s e a s o na l b r e e d i ng a nd n e ga t i ve f e e d ba c k  e f f e c t s  o f  
e s t r ad i o l  u p o n  l u t e i n i z i n g h o r mo n e  s e c r e t i o n .  
E nd o c r i n o l o g y  1 1 3 : 3 2 9 - 3 3 6 . 

B i t t ma n ,  E . L .  a n d  K a r s c h ,  F . J .  ( 1 9 8 4 ) . N i g h t l y d u r a t i o n o f  
p i n e a l me l a t o n i n  s e c r e t i o n d e t e r m i n e s  t h e r e p r od u c t i ve 
r e s p o n s e  t o  i n h i b i t o r y  d a y  l e n g t h  i n  t h e  e we . B i o l o g y  
o f  R e pr o d u c t i o n 3 0 : 5 8 5 - 5 9 3 .  

B l a i r , H . T .  ( 1 9 8 1 ) . R e s p o n s e  t o  s e l e c t i o n f o r  o p e n  f a c e  a nd 
g r e a s y  f l e e c e we i g h t  i n  R o mn e y  s h e e p . T h e s i s ,  P h . D . , 
Ma s s e y  U n i v e r s i t y ,  P a l me r s t o n  N o r t h ,  N e w  Z e a l a nd . 

B l a i r ,  H . T .  ( 1 9 8 6 ) . R e s p o n s e s  t o  2 7  ye a r s  o f  s e l e c t i o n f o r  
y e a r l i n g  f l e e c e  we i g h t . P r o c e e d i n g s  o f  t h e  3 r d  Wo r l d  
C o ng r e s s  o f  G e n e t i c s Ap p l i e d t o  L i v e s t o c k  P r od uc t i o n  
X I I : 2 1 5 - 2 2 0 . 

B l a i r ,  H . T . , D . J .  Ga r r i c k , A . L .  R a e  a nd G . A .  W i c k ha m  ( 1 9 8 4 ) .  
S e l e c t i o n  r e s p o n s e s  i n  N e w  Z e a l a nd R o mn e y  s h e e p  I .  
S e l e c t i o n f o r wo o l  f r e e  f a c e s . N e w  Z e a l a n d J o u r na l  o f  
Ag r i c u l t u r a l R e s e a r c h  2 7 : 3 2 9 - 3 3 6 . 

B l a i r , H . T . , D . J .  Ga r r i c k ,  A . L .  R a e  a n d  G . A . W i c k h a m  ( 1 9 8 5 ) . 
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S e l e c t i o n r e s p o n s e s  i n  N e w  Z e a l a nd R o mn e y  s h e e p  I I . 
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 e c e we i g h t . N e w  Z e a l a nd 
J o u r na l  o f  Ag r i c u l t u r a l R e s e a r c h  2 8 : 2 5 7 - 2 6 4 . 

B l i s s , C . I .  ( 1 9 5 8 ) . P e r i o d i c  r e g r e s s i o n i n  b i o l o g y  a nd 
c l i ma t o l o g y . C o n n e t i c u t Ag r i c u l t u r e  E x p e r i me n t  S t a t i o n 
B u l l e t i n  lt 6 1 5 . 

B od i n ,  L . ,  B .  B i be ,  M .  B l a n c  a nd G .  R i c o r d e a u . ( 1 9 8 6 ) . 
P a r a me t r e  g e n e t i q u e s  d e  l a  c o nc e n t r a t i o n p l a s ma t i q u e  e n  
F S H  d e  a g n e l l e s  d e  r a c e  L a c a u n e  v i a nd e . Ge n e t i q u e , 
S e l e c t i o n ,  Evo l u t i o n . 1 8 : 5 5 - 6 2 . 

B o n s ma ,  F . N  ( 1 9 3 1 ) . T h e  s u l p h u r  c o n t e n t  o f  s o me S o u t h  
A f r i ca n  wo o l s . J o u r na l  o f  t h e  T e x t i l e I n s t i t u t e  
2 2 : T 3 0 5 - 3 1 3 . 

B o s e , M . J . ,  J .  D j i a ne , P .  D u r a nd , J .  P e l l e t i e r , J . P .  R a va u l t  
( 1 9 8 2 ) . I n f l u e n c e  o f  s e a s o n  o n  me a n  p l a s ma l e ve l s  o f  
p r o l a c t i n ,  p l a c e n t a l l a c t o g e n  h o r mo n e  a nd l u t e i n i z i n g 
h o r mo ne d u r i n g t h e  s e c o nd ha l f  o f  g e s ta t i o n i n  t h e  e we .  
R e p r o d u c t i o n ,  N u t r i t i o n ,  D e v e l o pme n t  2 2 : 4 8 5 - 4 9 3 .  

B o t t o m l e y ,  G . A . ( 1 9 7 9 ) . We a t h e r  c o nd i t i o n s  a nd w o o l  g r o w t h . 
I n  " P hys i o l o g i ca l  a n d  E nv i r o nme n t a l  L i m i t a t i o ns t o  W o o l  
G r o wt h " , Ed s . J . L .  B l a c k  a nd P . J .  Re i s ,  U . N . E .  
p u b l i s h i n g u n i t : Ar m i d a l e ,  N . S . W . pp . l l 5 - 1 2 5 . 

B o ws t e a d , J . E .  a nd P .  L a r o s e  ( 1 9 3 8 ) . Wo o l  g r o w t h  a nd q ua l i t y 
a s  a f f e c t e d  b y  c e r t a i n  n u t r i t i o na l a nd c l i ma t i c  
f a c t o r s . I I I . R e s u l t s a nd C o n c l u s i o n s . Ca n a d i a n  J o u r na l  
o f  R e s e a r c h , D 1 6 : 3 6 1 - 3 7 4 . 

B o x ,  G . E . P .  ( 1 9 5 0 ) . P r o b l e ms i n  t h e  a na l ys i s  o f  g r o w t h  a nd 
we a r  c u r ve s . B i o me t r i c s 6 : 3 6 2 - 3 8 9 . 

B o yd ,  J . M . , J . M .  D o n e y ,  R . G .  G u h n , P . A .  J e we l l  ( 1 9 6 4 ) . T h e  
S oa y  s h e e p  o n  t h e  i s l a n d  o f  H i r t a ,  S t . K i l d a . A s t u d y  
o f  a f e r a l p o p u l a t i o n . P r o c e e d i n g s  o f  t h e  Z o o l o g i c a l 
S o c i e t y o f  L o n d o n  1 4 2 : 1 2 9 - 1 6 3 . 

B r a d b u r y ,  J . H .  ( 1 9 7 3 ) . T h e  s t r uc t u r e  a nd c h e m i s t r y  o f  
k e r a t i n  f i b r e s . Ad va n c e s  i n  P r o t e i n  C h e m i s t r y  2 7 : 1 1 1 -
2 1 1 . 

B r a d f o r d , G . E .  ( 1 9 7 2 ) . G e n e t i c  c o n t r o l  o f  l i t t e r  s i z e i n  
s h e e p . J o u r na l  o f  R e p r od uc t i o n a nd Fe r t i l i t y ,  
S u p p l e me n t  1 5 : 2 3 - 4 1 . 

B r a d f o r d , G . E .  ( 1 9 8 5 ) . S e l e c t i o n  f o r  l i t t e r  s i z e . I n :  
" Ge n e t i c s o f  r e p r o d u c t i o n i n  s he e p " . Ed i t e d  by R . B .  
L a n d  a nd D . W .  R o b i n s o n ,  B u t t e r wo r t hs , L o nd o n . p 3 - 1 8 . 

B r a i na r d , G . C .  ( 1 9 7 8 ) . P i n e a l R e s e a r c h : The d e c a d e  o f  
t r a ns f o r ma t i o n . J o u r na l  o f  N e u r a l T r a n s m i s s i o n 
, S u p p l e me n t . " T h e  p i n e a l  g l a nd " . P r o c e e d i n g s  o f  t h e  



I n t e r na t i o na l  S ympo s i u m, J e r u s a l e m ,  Ed . I .  N i r ,  R . J .  
R e i t e r  a nd R . J . Wur t ma n . 

2 0 8  

B r a t t , R . L .  ( 1 9 6 5 ) . T h e  e f f e c t  o f  s t a p l e  s t r e ng t h  o n  wo r s t e d  
p r o c e s s i n g I I I . F i br e  l e n g t h  d i s t r i b u t i o n a nd s p i n n i ng . 
J o u r na l o f  t h e  T e x t i l e I n s t i t u t e  5 6 : 6 2 - 7 2 . 

B r a t t , R . L . ,  D . A .  R o s s  a nd L . F . S t o r y  ( 1 9 6 4 ) .  T h e  e f f e c t  o f  
s ta p l e  s t r e ng t h  o n  wo r s t e d  p r o c e s s i ng I I . Ca r d i n g a nd 
c o mb i ng o f  5 8 . 6 0 ' s .  J o u r na l  o f  t h e  T e x t i l e I n s t i t u t e  
5 6 : T l 6 5 - 1 7 4 . 

B r i e n ,  F . D .  ( 1 9 8 6 ) . A r e v i e w o f  t h e  g e n e t i c  a nd 
p hy s i o l o g i ca l  r e l a t i o n s h i ps b e t we e n  g r o wt h  a nd 
r e p r od u c-t i o n i n  mamma l s . An i ma l  B r e e d i n g Abs t r a c t s  
5 4 : 9 7 5 - 9 9 7 . 

B r i n k l ow ,  B . R .  a n d  J . M .  F o r b e s ( 1 9 8 4 a ) . E f f e c t  o f  
p i n e a l e c t o my o n  t he p l a s ma c o n c e n t r a t i o n s  o f  p r o l a c t i n ,  
c o r t i s o l  a nd t e s t o s t e r o n e  i n  s h e e p  i n  s h o r t  a nd 
s k e l e t o n  l o n g  p h o t o p e r i od s . J o u r na l  o f  End o c i n o l o g y  
1 0 0 : 2 8 7 - 2 9 3 . 

B r i n k l ow ,  B . R .  a nd J . M .  F o r be s ( 1 9 8 4 b ) . T h e  e f f e c t  o f  s h o r t 
a nd s k e l e t o n  l o ng p h o t o p e r i o d s  o n  t h e  p l a s ma 
c o n c e n t r a t i o n s  o f  p r o l a c t i n  a nd c o r t i s o l  i n  s h e e p . 
R e p r o d u c t i o n ,  N u t r i t i o n ,  De v e l o p me n t  2 4 : 1 0 7 - 1 1 2 . 

B r o wn ,  T . H .  ( 1 9 7 1 ) . T h e  e f f e c t  o f  t h r e e  f a c t o r s  o n  t h e  
i n c i d e nc e  o f  t e nd e r  wo o l  i n  d e f e r r e d g r a z i n g 
ma n a g e me n t . Au s t r a l i a n  J o u r n a l o f  E x pe r i me n t a l  
Ag r i c u l t u r e  a nd An i ma l  H u s ba n d r y  1 1 : 6 0 7 - 6 1 3 . 

B r o wn ,  W . B .  a n d  J . M .  F o r b e s  ( 1 9 8 0 ) . D i u r na l  va r i a t i o n s  o f  
p l a s ma p r o l a c t i n  i n  g r o w i ng s h e e p  u nd e r  two l i g h t i n g 
r e g i me s  a nd t h e  e f f e c t  o f  p i n e a l e c t o my . J o u r na l o f  
E n d o c r i n o l o g y  8 4 : 9 1 - 9 9 . 

B r ya n t , E .  a nd D .  G i l l i ng s  { 1 9 8 5 ) . S t a t i s t i c a l  a na l ys i s  o f  
l o n g i t u d i n a l r e p e a t e d  me a s u r e s  d e s i g n s . B i o s t a t i s t i c s  
: 2 5 1 - 2 8 2 .  

B u b e n i k ,  G . J . ( 1 9 8 3 ) . S h i f t o f  s e a s o na l c yc l e  i n  Wh i t e ­
t a i l e d  d e e r  by o r a l a d m i n i s t r a t i o n o f  me l a t o n i n .  
J o u r na l o f  E x pe r i me n t a l Z o o l o gy 2 2 5 : 1 5 5 - 1 5 6 . 

B u r k h a r d t ,  J .  ( 1 9 4 7 ) . T r a n s i t i o n f r o m a n o e s t r u s  i n  t h e  ma r e  
a nd t he e f f e c t o f  a r t i f i c i a l  l i g h t i n g .  J o u r na l  o f  
Ag r i c u l t u r a l S c i e n c e  3 7 : 6 4 - 6 8 . 

B u r n s , R . H .  ( 1 9 3 lo;b). J . Te x t . I n s t i t . 2 2 : T 9 8  2 2 : T 4 5 6  

B u t l e r , L . G .  a nd W . M . C .  Ma x we l l  ( 1 9 8 4 ) . A r e v i e w  o f  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 i n t o  wo o l . An i ma l  
B r e e d i ng Abs t r a c t s  5 2 : 4 7 5 - 4 8 5 .  



B u t t l e , H . L .  ( 1 9 7 4 ) .  S e a s o na l  va r i a t i o n o f  p r o l a c t i n  i n  
p l a s ma o f  ma l e  g o a t s . J o u r na l o f  R e p r o d u c t i o n a nd 
F e r t i l i t y 3 7 : 9 5 - 9 9 . 
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Ca r na by ,  G .  ( 1 9 8 4 ) .  R e l a t i o n s h i p  o f  o r t h o - a nd p a r a - c o r t e x 
a nd s t a p l e  s t r e n g t h . L i nc o l n  C o l l e g e  Wo o l  B u l l e t i n  
N o . 1 .  R e p o r t  o f  a s e m i na r  o n  s t a p l e  s t r e n g t h . p 4 9 - 5 2 . 

C a r t e r , D . S .  a nd B . D .  G o l d ma n  ( 1 9 8 1 ) . An t i g o na d a l a nd 
p r o g o na d a l e f f e c t s  o f  p r o g r a mme d me l a t o n i n  i n f u s i o n 
i n t o  j uv e n i l e D j u n ga r i a n  h a ms t e r s  ( P h o d o p u s  s u n g o r i s ) . 
B i o l o g y  o f  R e p r o d u c t i o n 2 4 : Abs t r . 2 3 .  

C e d i l l a ,  R . M . , W .  H o h e n b o k e n  a nd J .  D r u mm o n d  ( 1 9 7 7 ) . G e ne t i c 
a nd e nv i r o n me n t a l e f f e c t s  o n  a g e  a t  f i r s t  o e s t r u s a nd 
o n  wo o l  p r o d u c t i o n o f  c r o s s b r e d e we l a mbs . J o ur na l  o f  
An i ma l  S c i e n c e  4 4 : 9 4 8 - 9 5 7 . 

C h ' a n g , T . S . ( 1 9 6 1 ) . R e p r o d u c t i ve pe r f o r ma nc e  o f  N e w  Z e a l a nd 
R omn e y  s h e e p  g r a z e d  o n  R e d  c l ov e r ( T r i f o l i u m p r a t e n s e ) 
p a s t u r e s . J o u r na l o f  Ag r i c u l t u r a l S c i e n c e , Ca mb r i d g e  
5 7 : 1 2 3 - 1 2 9 . 

C h ' a n g ,  T . S .  ( 1 9 6 7 ) . I n d i r e c t  s e l e c t i o n f o r  h i g h e r  f e r t i l i t y 
o f  t h e  R o mn e y  e we . S h e e p f a r m i ng An n u a l 1 9 6 7 : 7 - 1 3 . 

C h ' a n g , T . S .  ( 1 9 6 8 ) . Ear l y  r e c o g n i t i o n o f  f e r t i l i t y i n  t h e  
e we .  W o o l  t e c h n o l o g y  a nd s h e e p  b r e e d i n g 1 5 : 1 1 - 1 3 . 

C h ' a n g , T . S .  a n d  J . I .  R a e s i d e ( 1 9 5 7 ) . A s t ud y  o n  t he 
b r e e d i ng s e a s o n  o f  R o mn e y  e we l a mbs . P r o c e e d i ng s  o f  t h e 
N e w  Z e a l a nd S o c i e t y o f  An i ma l  P r o d u c t i o n 1 7 : 8 0 - 8 7 . 

C h ' a ng , T . S .  a nd A . L .  Ra e ( 1 9 7 0 ) . T h e  g e n e t i c b a s i s  o f  
g r o w t h , r e p r o d u c t i o n a nd ma t e r na l  e nv i r o n me n t  i n  R om ne y  
e we s . I .  G e n e t i c  va r i a t i o n i n  h o gg e t  c h a r a c t e r s  a nd 
f e r t i l i t y o f  t h e  e we . Aus t r a l i a n  J o u r na l  o f  
Agr i c u l t u r a l R e s e a r c h  2 1 : 1 1 5 - 1 2 9 . 

C h ' a n g ,  T . S .  a n d  A . L .  R a e  ( 1 9 7 2 ) . T h e  g e n e t i c  b a s i s  o f  
g r o wt h ,  r e p r od uc t i o n a nd ma t e r na l  e nv i r o n me n t  i n  R o mn e y  
e we s . I .  G e n e t i c  c o va r i a t i o n b e t we e n  h o g g e t  c h a r a c t e r s , 
f e r t i l i t y a nd ma t e r na l  e nv o f  t h e  e we . Au s t r a l i a n  
J o u r n a l o f  Agr i c u l t u r a l  R e s e a r c h  2 3 : 1 4 9 - 1 6 5 . 

C h a p ma n ,  R . E .  a nd J . L .  Wh e e l e r  ( 1 9 6 3 ) .  Dye ba nd i n g A 
t e c h n i q u e  f o r f l e e c e  gr o w t h  s t ud i e s . Au s t r a l i a n  J o u r n a l 
o f  S c i e n c e  2 6 : 5 3 - 5 4 . 

C h a p ma n ,  R . E .  a nd J . M . B a s s e t t  ( 1 9 7 0 ) . T h e  e f f e c t s  o f  
p r o l o n g e d  a d m i n i s t r a t i o n o f  c o r t i s o l  o n  t h e  s k i n  o f  
s h e e p  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 .  J o u r na l  o f  
E nd o c r i n o l o g y  4 8 : 6 4 9 - 6 6 3 . 

C h a t f i e l d ,  C .  a nd A . J .  C o l l i n s ( 1 9 8 0 ) I n t r o d u c t i o n t o  
mu l t i va r i a t e  a na l ys i s . Un i ve r s i t y P r e s s . C a m b r i d g e . 
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C h e s wo r t h ,  J . M . a nd M . P .  Eas d o n  ( 1 9 8 3 ) . E f f e c t  o f  d i e t  a n d  
s e a s o n  o n  s t e r o i d  h o r mo n e s  i n  t h e  r um i n a n t . J o u r na l  o f  
S t e r o i d B i o c h e m i s t r y  1 9 : 7 1 5 - 7 2 3 .  

C h o p r a , S . C .  ( 1 9 7 9 ) . Ge n o t yp e - e n v i r o nme n t a l i n t e r a c t i o n s  a nd 
g e n e t i c  pa rame t e r s  i n  N e w  Z e a l a nd R o mn e y  s h e e p . T h e s i s ,  
P h . D . , Ma s s e y  Un i ve r s i t y ,  P a l me r s t o n N o r t h ,  N e w  
Z e a l a nd . 

C l a r k ,  N . T .  a nd G . D .  K a h n  ( 1 9 6 4 ) . T h e  me a s u r e me n t  o f  
s e a s o na l  wo o l  p r o d u c t i o n - - a c o mpa r i s o n be t we e n  
m i d s i d e  s a mp l i ng a nd a d ye - ba nd i ng t e c hn i q u e . 
Aus t r a l i a n  J o u r na l  o f  E x pe r i me n t a l Ag r i c u l t u r e  a nd 
An i ma l  H u s ba nd r y  4 : 9 0 - 9 1 . 

C l a r k e , J . N .  ( 1 9 7 2 ) . Cu r r e n t  l e ve l s  o f  p e r f o r ma n c e  i n  t h e 
R ua k u r a  F e r t i l i ty f l o c k  o f  R o mn e y  s h e e p . P r o c e e d i n g s  o f  
t h e N e w  Z e a l a nd S o c i e t y o f  An i ma l  P r od uc t i o n 3 2 : 9 9 - 1 1 1 . 

C l a r k ,  C . M .  ( 1 9 8 7 ) P hys i o l o g i c a l  r e s p o n s e s  t o  s e l e c t i o n f o r 
g r e a s y  f l e e c e we i g h t  i n  R o mne y  s h e e p .  M .  Ag r . S e . 
T h e s i s , Ma s s e y Un i ve r s i t y ,  P a l me r s o n N o r t h  

C l a r k e , J . N .  ( 1 9 7 7 ) . I n :  An n u a l R e p o r t  o f  t h e  R e s e a r c h  
D i v i s i o n 1 9 7 6 - 1 9 7 7 ,  N e w  Z e a l a nd M i n i s t r y  o f  Agr i c u l t u r e  
a n d F i s h e r i e s ,  We l l i n g t o n ,  N e w  Z e a l a nd . p 2 2 8 - 2 3 0 . 

C o c k r e m ,  F . R . M .  ( 1 9 7 9 ) . A r e v i e w o f  t h e  i n f l u e n c e  o f  
l i v e we i g h t  a nd f l u s h i n g o n  f e r t i l i t y mad e  i n  t h e  
c o n t e x t  o f  e f f i c i e n t  s h e e p  p r o d u c t i o n .  P r o c e e d i n g s  o f  
t h e N e w  Z e a l a nd S o c i e t y  o f  An i ma l  P r o d u c t i o n 3 9 : 2 3 - 4 2 . 

C o i e ,  J . W . L . a nd J . E .  G r i z z l e  ( 1 9 6 6 ) Ap p l i c a t i o n s  o f  
mu l t i va r i a t e  a n a l ys i s  o f  va r i a n c e  t o  r e p e a t e d  
me a s u r e me n t s  e x p e r i me n t s . B i o me t r i c s  2 2 : 8 1 0 - 8 2 8 . 

C o o p ,  I . E .  ( 1 9 5 3 ) . Wo o l  g r o wt h  a s  a f f e c t e d  by n u t r i t i o n a nd 
by c l i ma t i c  f a c t o r s . J o u r na l  o f  Agr i c u l t u r a l S c i e n c e , 
Ca mb r i d g e  4 3 : 4 5 6 - 4 7 2 . 

C o o p ,  I . E .  ( 1 9 6 1 ) . T h e  e n e r gy r e q u i r e me n t s  o f  s h e e p .  
P r o c e e d i n gs o f  t h e  N e w  Z e a l a nd S o c i e t y o f  An i ma l  
P r od u c t i o n 2 1 : 7 9 - 9 1 . 

C o o p ,  I . E .  a nd D . S .  Ha r t  ( 1 9 5 3 ) . E n v i r o nme n t a l f a c t o r s  
a f f e c t i n g wo o l  gr o w t h .  P r o c e e d i ng s  o f  t h e  N e w  Z e a l a nd 
S o c i e t y o f  An i ma l  P r o d u c t i o n 1 3 : 1 1 3 - 1 1 9 . 

C o o p ,  I . E .  a n d V . R .  C l a r k  ( 1 9 5 8 ) . T h e  e f f e c t  o f  t hyr o x i n e o n  
wo o l  g r o wt h  a nd l a mb p r od uc t i o n . N e w  Z e a l a nd J o u r na l o f  
Agr i c u l t u r a l Re s e a r c h  1 : 3 6 5 - 3 8 1 . 

Da l t o n , D . C .  a nd Rae , A . L .  ( 1 9 7 8 ) . T h e  N e w  Z e a l a nd R o mn e y  
s h e e p : A r e v i e w o f  p r o d u c t i ve p e r f o r ma n c e . An i ma l  
B r e e d i n g Abs t r a c t s  4 6 : 6 5 7 - 6 8 0 . 
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Da l y ,  R . A .  a nd H . B .  C a r t e r  ( 1 9 5 5 ) . T h e  f l e e c e  g r o wt h  o f  
y o u n g  L i n c o l n ,  C o r r i e d a l e ,  P o l wa r t h  a n d  f i n e M e r i n o  
ma i d e n  e we s  u nd e r  h o u s e d  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 nd p r o gr e s s i v e l y  r e s t r i c t e d  f e e d i n g o n  a s t a nd a r d  
d i e t . Au s t r a l i a n  J o u r na l  o f  Ag r i c u l t u r a l  R e s e a r c h  
6 : 4 7 6 - 5 1 3 . 

D a n f o r d , M . B . , H . M .  H u g h e s a nd R . C .  M cN e e  ( 1 9 6 0 ) . O n  t h e  
a na l ys i s  o f  r e pe a t e d - me a s u r e me n t s e xp e r i me n t s . 
B i ome t r i c s 1 6 : 5 4 7 - 5 6 5 .  

Da v i s ,  G . P .  ( 1 9 8 7 ) . D i r e c t  a nd c o r r e l a t e d  r e s p o ns e s  t o  
s e l e c t i o n o n  we a n i n g we i g h t  i n  M e r i n o s . P r o c e e d i n g s  o f  
t he 6 t h  Au s t r a l i a n  As s o c i a t i o n o f  An i ma l  B r e e d i n g a nd 
G e n e t i c s C o n f e r e n c e , P e r t h ,  WA . ,  F e b  9 - 1 3 . p . 8 3 - 8 6 . 

Da v i s , G . P .  a nd B . P .  K i n g h o r n  ( 1 9 8 6 ) . G e n e t i c a nd p h e n o t yp i c  
p a r a me t e r s  f o r  g r o wt h ,  wo o l  p r o d u c t i o n a n d  r e p r od u c t i ve 
t r a i t s i n  a l i n e  o f  Me r i n o  s h e e p . P r o c e e d i n g s  o f  t h e  
3 r d  Wor l d  C o n g r e s s  o n  G e n e t i c s App l i e d t o  
L i ve s t o c k P r od u c t i o n .  Vo l X I : 1 4 5 - 1 5 0 . 

D i c k e r s o n ,  G . E .  ( 1 9 7 0 ) .  E f f i c i e n c y  o f  a n i ma l  p r o d u c t i o n ­
Mo u l d i ng t h e b i o l o g i c a l c omp o n e n t s . B r i t i s h  J o u r na l  o f  
An i ma l  S c i e nc e  3 0 : 8 4 9 - 8 5 6 . 

D i c k e r s o n ,  G . E .  a nd L a s t e r ,  D . B .  ( 1 9 7 5 ) . B r e e d , h e t e r o s i s  
a n d e nv i r o n me n t a l i n f l u e n c e s  o n  g r o wt h  a nd p u b e r t y i n  
e we l a mbs . J o u r na l o f  An i ma l  S c i e n c e  4 1 : 1 - 9 . 

D o l l i n g ,  C . H . S .  a n d  M . T .  Ca r p e n t e r  ( 1 9 6 3 ) . Wa t e r  c o n s u mp t i o n 
a t  pa s t u r e  o f  M e r i n o s he e p  s e l e c t e d  f o r h i g h  wo o l  
p r o d u c t i o n .  P r o c e e d i n g s  o f  t h e  Au s t r a l i a n  S c o c i e ty o f  
An i ma l  P r od u c t i o n . 4 : 1 7 2 - 1 7 4 . 

D o l l i n g ,  C . H . S .  a nd R . W .  M o o r e  ( 1 9 6 0 ) .  E f f i c i e n c y  o f  
c o n ve r s i o n  o f  f o od t o  wo o l  I .  C o r r e l a t e d r e s p o n s e  t o  
s e l e c t i o n f o r  h i g h a nd l o w c l e a n  wo o l  we i g h t  p e r  h e a d . 
Aus t r a l i a n  J o u r na l  o f  Ag r i c u l t u r a l R e s e a r c h  1 1 : 8 3 6 - 8 4 4 . 

D o l l i n g ,  C . H . S .  a n d  L . R .  P i p e r  ( 1 9 6 8 ) . E f f i c i e n c y  o f  
c o nve r s i o n o f  f o od t o  wo o l  I I I . Wo o l  p r o d uc t i o n o f  e we s  
s e l e c t e d  f o r h i g h  c l e a n  wo o l  we i g h t  a nd o f  r a nd o m  
c o n t r o l  e we s  o n  r e s t r i c t e d  a nd u n r e s t r i c t e d  f o o d  i n t a k e  
i n  p e ns . Au s t r a l i a n  J o ur na l o f  Ag r i c u l t u r a l R e s e a r c h  
1 9 : 1 0 0 9 - 1 0 2 8 . 

D o n e y ,  J . M .  ( 1 9 6 4 ) . T h e  f l e e c e  o f  t h e S c o t t i s h  B l a c k f a c e  
s h e e p . I V .  T h e  e f f e c t s o f  p r e g n a n c y ,  l a c ta t i o n a nd 
n u t r i t i o n o n  s e a s o na l  wo o l  p r o d u c t i o n .  J o u r na l o f  
Ag r i c u l t u r a l S c i e n c e , Ca mb r i d g e  6 2 : 5 9 - 6 6 . 

D o n e y ,  J . M .  ( 1 9 6 6 ) .  B r e e d d i f f e r e n c e s  i n  r e s p o n s e  o f  wo o l  
g r o wt h  t o  a n n u a l n u t r i t i o na l a nd c l i ma t i c  c yc l e s . 
J o u r na l  o f  Ag r i c u l t u r a l S c i e n c e , Cambr i d g e  6 7 : 2 5 - 3 0 . 



2 1 2 

D o n e y ,  J . M .  a nd W . F .  S m i t h  ( 1 9 6 1� . T h e  f l e e c e  o f  t h e  
S c o t t i s h  B l a c k f a c e  s h e e p .  1 .  S e a s o na l c ha n g e s i n  wo o l  
p r od uc t i o n  a nd f l e e c e  s t r uc t u r e . J o u r na l o f  
Agr i c u l t u r a l S c i e n c e s , C a m b r i d g e  5 6 : 3 6 5 - 3 7 4 . 

D o n e y ,  J . M .  a nd W . F .  S m i t h  ( 1 9 6 1� . T h e  f l e e c e  o f  t h e  
S c o t t i s h  B l a c k f a c e  s h e e p . 2 . Va r i a t i o n i n  f l e e c e  
c o mp o ne n t s  o v e r t h e  b o d y  o f  t h e  s he e p . J o u r na l o f  
Agr i c u l t u r a l S c i e n c e , C a m b r i d g e  5 6 : 3 7 5 - 3 7 8 . 

D o n e y ,  J . M .  a nd J .  E a d i e  ( 1 9 6 7) . T h e  wo o l  g r owt h r e s p o n s e 
t o  t he a n n u a l c yc l e  o f  g r a z i ng i n t a k e  i n  C h e v i o t 
we t h e r s . J o u r na l  o f  Ag r i c u l t u r a l S c i e n c e , Cambr i d ge 
6 9 : 4 1 1 - 4 1 6 . 

D o n e y , J . M .  a nd J . G .  Gr i f f i t h s  ( 1 9 6 � . Wo o l  gr o wt h  
r e g u l a t i o n  by l o c a l s k i n  c o o l i ng .  An i ma l  P r o d u c t i o n 
9 : 3 9 3 - 3 9 7 .  

D o n e y ,  J . M .  a nd C . C .  Eva n s  ( 1 9 6 8 ) . T h e  i n f l u e n c e  o f  s e a s o n  
a nd n u t r i t i o n o n  t h e s u l p h u r  c o n t e n t  o f  wo o l  f r o m 
M e r i n o a n d  C h e v i o t s h e e p . J o u r na l  o f  Agr i c u l t u r a l 
S c i e nc e , Cambr i d g e  7 0 : 1 1 1 - 1 1 6 . 

D o n e y ,  J . M .  a nd C . C .  Eva n s  ( 1 9 7 0 ) . T h e  i n f l u e n c e  o f  
n u t r i t i o n d u r i n g  w i n t e r o n  g r o wt h  r a t e  a n d s u l p h u r  
c o n t e n t  o f  wo o l  o f  p r e g n a n t  S c o t t i s h  B l a ck f a c e  a nd 
R o mne y  e we s . J o u r na l  o f  Ag r i c u l t u r a l S c i e n c e , Cambr i d ge 
7 5 : 1 3 3 - 1 3 6 . 

D o u g l a s , S .  ( 1 9 8 4 a ) . S t a p l e  s t r e ng t h  a nd wo o l  ma r k e t i n g i n  
Aus t r a l i a L i n c o l n  C o l l e g e  Wo o l  B u l l e t i n  n o . l .  R e p o r t  o f  
a s e m i n a r  o n  S t a p l e  s t r e n g t h , Ed . D . A .  R o s s  a n d  L . F .  
S t o r y , p 5 5 - 7 1 . 

D o u g l a s , S .  ( 1 9 8 4 b ) . T r i a l s  o n  t h e  p r o c e s s i n g s i g n i f i ca n c e  
o f  s ta p l e  s t r e n g t h  L i n c o l n  C o l l e g e  Wo o l  B u l l e t i n  n o . 1 .  
R e p o r t o f  a s e m i n a r  o n  s t a p l e  s t r e ng t h ,  Ed . D . A .  R o s s  
a nd L . F .  S t o r y . p 7 9 - 9 2 . 

D o wn e s ,  A . M .  a n d  A . G .  L y n e  ( 1 9 6 1 ) . S t ud i e s o n  t h e  r a t e  o f  
wo o l  g r o wt h  us i n g 3 5 S - c ys t i n e Au s t r a l i a n  J o u r na l  
B i o l o g i ca l  S c i e nc e  1 4 : 1 2 0 - 1 3 0 . 

D o wn e s , A . M .  a nd A . L . C .  Wa l l a c e  ( 1 9 6 5 ) . L oc a l e f f e c t s  o n  
wo o l  g r o wt h  o f  i n t r a d e r ma l  i n j e c t i o ns o f  h o r mo n e s . I n :  
" B i o l o gy o f  t h e  s k i n  a nd ha i r  g r o wt h " . Ed s . A . G .  L y n e  
a nd B . F .  S h o r t ,  An g u s  a n d R o be r t s o n ,  S yd n e y . p p . 6 7 9 -
7 0 4 . 

D o wn e s , A . M .  a n d  J . C . D .  H u t c h i n s o n  ( 1 9 6 9 ) . E f f e c t  o f  l o w 
s k i n  s u r f a c e  t e mp e r a t u r e  o n  wo o l  g r o wt h . J o u r na l o f  
Agr i c u l t u r a l S c i e n c e , Cambr i d g e  7 2 : 1 5 5 - 1 5 8 . 

D o wn e s , A . M .  a nd L . F .  S ha r r y  ( 1 9 7 1 ) . M e a s u r e me n t  o f  wo o l  



g r o w t h  a n d i t s r e s p o n s e  t o  n u t r i t i o n a l c ha n ge s . 
Au s t r a l i a n  J o u r na l  o f  B i o l o g i c a l  S c i e n c e  2 4 : 1 1 7 - 1 3 0 . 
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D r a p e r , S . A . , N . B .  Hayne s a nd G . E .  L a mm i n g ( 1 9 6 6 ) . E f f e c t  o f  
p l a n e o f  n u t r i t i o n o n  c h a n g e  i n  r a t e  o f  wo o l  g r o wt h i n  
s h e e p  i n d u c e d  by h e x o e s t r o l .  Na t u r e ,  L o nd o n  2 1 0 : 2 2 2 -
2 2 3 . 

D r i a nc o u r t ,  M . A . , I . K .  Ga u l d ,  M .  T e r q u i  a n d  R .  We b b . ( 1 9 8 6 ) .  
Va r i a t i o n s  i n  pa t t e r n s o f  f o l l i c l e  d e ve l o pme n t i n  
p r o l i f i c b r e e d s  o f  s h e e p . J o u r na l o f  R e p r o d u c t i o n a nd 
F e r t i l i t y 7 9 : 5 6 5 - 5 7 6 . 

D r i a nc o u r t , M . A . a nd R . C .  F r y . ( 1 9 8 8 ) . D i f f e r e n t i a t i o n o f  
o v u l a t o r y f o l l i c l e s  i n  s h e e p . J o u r na l  o f  An i ma l  S c i e n c e  
6 6 ( S u p p l . 2 ) : 9 - 2 0 . 

D u e r d e n ,  J . E .  a nd G . S .  Ma r e  ( 1 9 3 1 ) . U n i o n o f  S o u t h  A f r i ca 
D e pa r t me n t o f  Ag r i c u l t u r e  R e p r i n t  � 3 5 . 

D u n ,  R . B .  a nd Ea s t o e , R . D .  ( 1 9 7 0 ) . S c i e n c e  a nd t h e  M e r i n o 
b r e e d e r . N e w  S o u t h  Wa l e s  G o ve r n me n t  P r i n t e r , U l t i mo . p .  
1 4 1 . 

D u n l o p ,  A . A . , C . H . S .  D o l l i ng a nd J . F .  K e n n e d y  ( 1 9 6 0 ) . 
E f f i c i e n c y  o f  c o n ve r s i o n o f  f o o d  t o  wo o l  i n  f i v e  Me r i n o 
s t r a i n s . Aus t r a l i a n  J o u r na l  o f  Agr i c u l t u r a l  R e s e a r c h  
1 1 : 5 7 6 - 5 8 4 .  

D u n l o p ,  A . A . , C . H . S . D o l l i ng a n d  M . T .  Ca r pe n t e r  ( 1 9 6 6 ) . 
E f f i c i e n c y  o f  c o nve r s i o n o f  f o od t o  wo o l  a t  t wo 
n u t r i t i o n a l  l e ve l s  b y  t h r e e  M e r i n o s t r a i n s . Au s t r a l i a n  
J o u r na l o f  Ag r i c u l t u r a l R e s e a r c h  1 7 : 8 1 - 8 9 . 

D yr mu n d s s o n , O . R .  ( 1 9 7 3 ) . P u b e r t y a nd e a r l y  r e p r od u c t i ve 
p e r f o r ma n c e  i n  s he e p . I .  E we l a mbs . An i ma l  B r e e d i n g 
Abs t r a c t s  4 1 : 2 7 3 - 2 8 4 . 

D yr mund s s o n ,  O . R .  ( 1 9 8 1 ) . Na t u r a l  f a c t o r s  a f f e c t i n g p u b e r t y 
a nd r e p r o d u c t i ve p e r f o r ma n c e  i n  e we l a mbs : A r e v i e w .  
L i ve s t o c k  P r od uc t i o n S c i e nc e  8 : 5 5 - 6 5 .  

D y r mu nd s s o n ,  O . R .  ( 1 9 8 3 ) . T h e  i n f l ue n c e  o f  e nv i r o n me n t a l 
f a c t o r s  o n  t h e  a t ta i nme n t  o f  p u b e r t y i n  e we l a mbs . I n :  
S h e e p  P r o d u c t i o n .  W .  Ha r e s i g n ,  Ed . ,  B u t t e r wo r t h s , 
L o n d o n  . p p . 3 9 3 - 4 0 7 . 

Dyr mu nd s s o n , O . R .  a nd L e e s , J . L .  ( 1 9 7 2 a ) . At ta i n me n t  o f  
p u b e r t y  a n d r e pr od u c t i ve p e r f o r ma n c e  i n  C l u n  F o r e s t  e we 
l a mbs . J o u r na l o f  Ag r i c u l t u r a l S c i e n c e , Camb r i d g e , 
7 9 : 3 9 - 4 5 . 

Dyr m u nd s s o n ,  O . R .  a nd L e e s ,  J . L .  ( 1 9 7 2 b ) . E f f e c t o f  r a ms o n  
t h e  o n s e t  o f  b r e e d i n g i n  C l u n  F o r e s t  e we l a mbs . J o u r na l 
o f  Ag r i c u l t u r a l S c i e n c e , Cambr i d g e , 7 9 : 2 6 9 - 2 7 1 . 
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E b l i n g ,  F . J . a n d � . A .  Ha l e  ( 1 9 8 3 ) . H o r mo n e s  a nd ha i r  g r o wt h . 
I n :  " B i o c h e m i s t r y  a nd p h ys i o l o gy o f  t h e s k i n " , Ed i t o r , 
L o we l l  A .  G o l d s m i t h  Vo l l : 5 2 2 - 5 5 2 . 

Ed e y ,  T . N . , T . T .  C h u , R .  K i l g o u r , J . F .  S m i t h  a n d  H . R .  Te r v i t  
( 1 9 7 7 ) . O e s t r us w i t h o u t  o v u l a t i o n i n  p u be r t a l  e we s . 
T he r i o ge n o l o gy ,  7 : 1 1 - 1 5 . 

E d e y ,  T . N . ; K i l g o u r , R .  a nd B r e mn e r ,  K a ye . ( 1 9 7 8 ) . S e x ua l 
b e h a v i o r a nd r e p r od u c t i ve pe r f o r ma n c e  o f  e we l a mb s

.
a t  

a nd a f t e r  p u be r t y .  J o u r na l  o f  Ag r i c u l t u r a l S c i e nc e , 
Cambr i d g e . 9 0 : 8 3 - 9 1 . 

F e r g u s o n ,  K . A .  ( 1 9 4 9 ) . T h e  e f f e c t  o f  s ympa t h e c t o my o n  wo o l  
g r o wt h . Au s t r a l i a n  J o u r na l  o f  S c i e n t i f i c R e s e a r c h  
8 : 2 : 4 3 8 - 4 4 3 . 

F e r g u s o n ,  K . A .  ( 1 9 5 1 ) . T h e  e f f e c t  o f  h yp o p h ys e c t o my o n  wo o l  
g r o wt h . J o u r na l  o f  End o c r i n o l o gy 7 : 1 - 1 7 . 

F e r g u s o n , K . A .  ( 1 9 5 1 ) . T h e s i s ,  P h . D . , U n i ve r s i t y o f  
Cambr i d g e , E n g l a nd . 

F e r g u s o n ,  K . A .  ( 1 9 5 4 ) . P r o l o n g e d  s t i mu l a t i o n o f  wo o l  g r o wt h 
f o l l o w i n g i n j e c t i o n  o f  o x  gr owt h  h o r mo n e . N a t u r e , 
L o n d o n  1 7 4 : 4 1 1 . 

F e r g u s o n , K . A .  ( 1 9 5 8 ) . T h e  i n f l u e n c e  o f  t h yr o x i n e o n  wo o l  
g r o wt h . � r o c e e d i n g s  o f  t he N e w  Z e a l a nd S o c i e t y o f  
An i ma l  P r o d u c t i o n 1 8 : 1 2 8 - 1 4 0 . 

F e r g u s o n ,  K . A . ,  H . B .  Ca r t e r  a nd M . H .  Ha r d y  ( 1 9 4 9 ) .  S t ud i e s  
o f  c o mpa r a t i ve f l e e c e g r o wt h  i n  s h e e p .  1 .  T h e  
q ua n t i t a t i v e na t u r e  o f  i n h e r e n t  d i f f e r e n c e s  i n  wo o l  
g r o wt h  r a t e . Aus t r a l i a n  J o u r na l  o f  S c i e n t i f i c R e s e a r c h  
B : 2 : 4 2 - 8 1 . 

F e r g u s o n , K . A . ,  A . L . C .  Wa l l a c e  and H . R .  L i nd ne r  ( 1 9 6 5 ) . 
H o r mo na l r e g u l a t i o n o f  wo o l  g r o wt h . I n : " B i o l o g y  o f  t h e  
s k i n  a nd h a i r  g r o wt h " .  E d s . A . G .  Lyn e a nd B . F .  S h o r t ,  
An g u s  a nd R o be r t s o n ,  S yd ne y .  pp . 6 5 5 - 6 7 8 . 

F i n d l ay ,  J . K .  a nd B i nd o n ,  B . M .  ( 1 9 7 6 ) . P l a s ma F S H  i n  M e r i n o 
l a mbs s e l e c t e d  f o r  f e c u nd i t y .  J o u r na l o f  R e p r o d u c t i o n 
a nd F e r t i l i t y ,  4 6 : 5 1 5 - 5 1 6 . 

F i s h e r ,  D . A . , I . J .  C h o p r a  a nd J . H .  D u s s a u l t  ( 1 9 7 2 ) . 
E x t r a t h ymo i d a l  c o n ve r s i o n o f  t hyr o x i n e t o  
t r i i o d o t h yr o n i n e i n  s h e e p . E n d o c r i n o l o gy 9 1 : 1 1 4 1 - 1 1 4 4 .  

F i t z g e r a l d ,  J . M .  ( 1 9 8 4 ) .  F i b r e  s t r u c t u r e  a n d s o u n d n e s s . 
L i n c o l n  C o l l e g e  Wo o l  B u l l e t i n  n o . l .  Re p o r t o f  a s e m i n a r  
o n  s t a p l e  s t r e n g t h . E d . D . A . R o s s  a nd L . F .  S t o r y  p 5 2 -
5 3 . 

F i t z g e r a l d ,  J . M . , D . C .  S me a t o n  a n d  K . T .  J a g u s c h  ( 1 9 8 4 ) . 
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F l e e c e t e nd e r n e s s : t h e  e f f e c t  o f  n u t r i t i o n ,  a g e  a nd 
l a mb i ng s t a t u s  o n  p r e g n a n t  R o mn e y  a nd e o o pwo r t h  m i x e d ­
a g e  e we s . P r o c e e d i n g s  o f  N e w  Z e a l a nd S o c i e t y o f  An i ma l  
P r o d u c t i o n 4 4 : 5 3 - 5 6 . 

F l e t c h e r ,  J . e . , A .  R o bs o n  a nd J .  T o d d  ( 1 9 6 3 ) . T h e  s u l p h u r  
b a l a n c e  i n  wo o l .  B i o c h e m i c a l J o u r n a l  8 7 : 5 6 0 - 5 6 7 . 

F o o t e , w . e . , N .  S e f i d ba k h t  a nd M . A . Ma d s o n  ( 1 9 7 0 ) . P u b e r t a l 
e s t r u s a n d  o v u l a t i o n a nd s u b s e q u e n t  e s t r o u s  c yc l e  
p a t t e r ns i n  t h e  e we . J o u r na l  o f  An i ma l  S c i e nc e  3 0 : 8 6 -
9 0 .  

F o r b e s , J . M . , P . M .  D r i ve r ,  A . A . E l  S ha ha t ,  T . G .  B oa z ,  e . G .  
S c a n e s  ( 1 9 7 5 ) . T h e  e f f e c t  o f  d a y l e n g t h  a nd l e ve l o f  
f e e d i ng o n  s e r um p r o l a c  t i n  o n  g r o w i n g  l a mbs . J o u r na l  
o f  E n d o c r i n o l o g y  6 4 : 5 4 9 - 5 5 6 . 

F o r b e s , J . M . , P . M .  D r i ve r , W . B .  B r o wn , e . G .  S ca n e s , I . e .  
H a r t  ( 1 9 7 9 ) . T h e  e f f e c t s  o f  d a y l e n g t h  o n  t h e  g r o wt h  o f  
l a mbs . 2 .  B l o od c o n c e n t r a t i o n o f  g r o wt h  h o r mo n e , 
p r o l a c t i n ,  i n s u l i n  a nd t h yr o x i n e , a nd t h e  e f f e c t  o f  
f e e d i ng .  An i ma l  P r o d u c t i o n 2 9 : 4 3 - 5 1 . 

F o s t e r ,  D . L .  ( 1 9 8 1 } . Me c ha n i s m f o r  d e l a y  o f  f i r s t  o vu l a t i o n 
i n  l a mbs b o r n  i n  t h e  wr o n g  s e a s o n  ( Fa l l } .  B i o l o g y  o f  
R e p r od uc t i o n ,  2 5 : 8 5 - 9 2 . 

F o s  t e r  , D . L . ( 1 9 8 3 } . P h o t o  p e r i o d a n d  s e x  u a 1 ma t u r a t  i o n  o f 
t h e  f e ma l e  l amb : e a r l y  e xp o s u r e  t o  s h o r t  d a ys p e r t u r bs 
o e s t r a d i o l  f e e d ba c k  i n h i b i t i o n o f  L H  s e c r e t i o n a nd 
p r o d u c e s  a b n o r ma l  o va r i a n  c yc l e s . End o c r i n o l o gy 1 1 2 : 1 1 -
1 7 . 

F o s t e r ,  D .  a nd K .  Rya n  ( 1 9 7 9 a } . M e c ha n i s ms g ove r n i n g o n s e t  
o f  ova r i a n  c yc l i c i t y a t  p u b e r t y i n  t h e  l a mb . An n a l s  d e  
B i o l o g i e  a n i ma l e  e t  B i o c h e m i s t r y  e t  B i o p hys i q u e  
1 9 : 1 3 6 9 - 1 3 8 0 . 

F o s t e r , D . L . a nd R ya n ,  K a t h l e e n . ( 1 9 7 9 b } . E n d o c r i ne 
me c ha n i s ms g o ve r n i n g t r a ns i t i o n i n t o  ad u l t h o od : A 
ma r k e d  d e c r e a s e  i n  i n h i b i t o r y  f e e d ba c k  a c t i o n o f  
o e s t r a d i o l  o n  t o n i c  s e c r e t i o n o f  L H  i n  t h e  l a mb d u r i n g 
p u be r t y . E nd o c r i n o l o gy 1 0 5 : 8 9 6 - 9 0 4 . 

F o s t e r , D . L .  a nd Rya n ,  K a t h l e e n ,  D .  ( 1 9 8 1 ) . End o c r i n e 
me c ha n i s ms g o ve r n i n g t r a n s i t i o n i n t o  a d u l t h o od i n  
f e ma l e  s h e e p . J o u r na l  o f  R e p r o d u c t i o n a nd F e r t i l i ty ,  
S u p p l e me n t  3 0 : 7 5 - 9 0 .  

F o s t e r ,  D . L . ; Ye l l o n ,  S . M .  a nd O l s t e r , D . H .  ( 1 9 8 4 } .  
E n d o c r i ne p hys i o l o gy o f  p u b e r t y  i n  t h e  f e ma l e  s h e e p . 
P r o c e e d i n g s  o f  t h e  l O t h I n t e r n a t i o n a l c o n g r e s s  o f  
An i ma l  R e p r o d u c t i o n a n d  Ar t i f i c i a l  I n s e m i n a t i o n V I I : 1 6 -
2 3 .  
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F o s t e r , D . L . ,  S . M .  Y e l l o n  a nd D . H .  O l s t e r  ( 1 9 8 5 ) . I n t e r na l  
a nd e x t e r na l d e t e r m i n a n t s  o f  t h e  t i m i n g  o f  p u b e r t y i n  
t h e f e ma l e . J o u r na l  o f  R e p r o d u c t i o n a nd F e r t i l i t y 
7 5 : 3 2 7 - 3 4 4 . 

F o s t e r ,  D . L . ,  F . J .  K a r s c h , D . H .  O l s t e r , K . D .  Rya n  a nd S . M .  
Y e l l o n ( 1 9 8 6 ) . D e t e r m i na n t s  o f  p u b e r t y i n  a s e a s o na l  
b r e e d e r . R e c e n t  P r o g r e s s  i n  H o r mo n e  R e s e a r c h  4 2 : 3 3 1 -
3 7 7 . 

F r a s e r ,  A . G . , B . F .  S h o r t  ( 1 9 5 8 ) . S t ud i e s  o f  s h e e p  mo s a i c  f o r 
f l e e c e  t y p e  I .  P a t t e r ns a nd o r i g i n  o f  mo s a i c i s m .  
Aus t r a l i a n  J o u r n a l  o f  B i o l o g i ca l  S c i e n c e  1 1 : 2 0 0 - 2 0 8 . 

F r a z e r , K . M .  ( 1 9 3 1 ) . J o u r na l o f  t h e  C o u n c i l  o f  S c i e n t i f i c 
a nd I nd u s t r i a l  R e s e a r c h  i n  Au s t r a l i a 4 : 2 0 4 - 2 3 1 . 

Ga l p i n ,  N .  ( 1 9 4 7 ) . S t ud y  o f  wo o l  g r o wt h . I .  We i g h t  o f  wo o l . 
J o u r na l  o f  Ag r i c u l t u r a l  S c i e n c e , Cambr i d g e  3 7 : 2 7 5 - 2 8 6 . 

Ga l p i n ,  N .  ( 1 9 4 8 ) . S t ud y o f  wo o l  g r o wt h . I I . me a n  f i b r e  
t h i c k n e s s , d e n s i t y o f  p o p u l a t i o n ,  t h e  a r e a  o f  s k i n  
c o v e r e d  b y  f i b r e  a nd t h e  me a n  f i b r e  l e n g t h  J o u r na l  o f  
Agr i c u l t u r a l S c i e n c e , Cambr i d g e  3 8 : 3 0 3 - 3 1 3 . 

G e e ,  E .  ( 1 9 7 8 ) . S t a p l e  s t r e ng t h  a s  a me a s u r e  o f  t h e  
s o u nd n e s s  o f  wo o l - A p r e l i m i na r y  n o t e . S . A . W . T . R . I .  
T e c h n i ca l  Re p o r t  # 4 2 9  

G e e n t y ,  K . G . , D . F . G .  O r w i n ,  J . L .  Wo o d s , S . R .  Y o u n g ,  M . C .  
S m i t h  ( 1 9 8 4 ) . S e a s o na l wo o l  p r o d u c t i o n a nd s t a p l e  
s t r e n g t h  o f  R o mn e y  e we s . P r o c e e d i n g s  o f  N e w  Z e a l a nd 
S o c i e t y  o f  An i ma l  P r o d uc t i o n  4 4 : 5 7 - 5 9 . 

G e e n ty ,  K . G . , D . F . G . Or w i n ,  J . L .  Wo o d s , S . R .  Y o u n g  a nd M . C .  
S m i t h  ( 1 9 8 4 ) . S e a s o n a l wo o l  pr o d u c t i o n a nd s ta p l e  
s t r e ng t h  o f  R om n e y  e we s . P r o c e e d i n g s  o f  N e w  Z e a l a nd 
S o c i e t y o f  An i ma l  P r o d u c t i o n 4 4 : 5 7 - 5 9 . 

G i l l ,  J . L .  a n d  H . D .  Ha f s  ( 1 9 7 1 ) Ana l ys i s o f  r e pe a t e d 
me a s u r e me n t s  o f  a n i ma l s . J o u r na l o f  An i ma l  S c i e nc e , 
3 3 : 3 3 1 - 3 3 6 . 

G i l l e s p i e , J . M . ( 1 9 6 5 ) . T h e  h i g h s u l ph u r  p r o t e i ns o f  n o r ma l  
a nd a be r r a n t  k e r a t i n s . I n :  " B i o l o gy o f  t h e  s k i n  a nd 
ha i r  g r o w t h " .  E d s . A . G .  Lyne a nd B . F .  S h o r t ,  An g u s  a nd 
R o b e r t s o n ,  S yd n e y . pp . 3 7 5 - 3 9 8 . 

G i l mo u r , A . R .  ( 1 9 8 5 ) R E G : A ge n e r a l i z e d  l i n e a r  mod e l s  
p r o g r a mme . M i s c e l l a n e o u s bu l l e t i n  N o . 1 . ,  D i v i s i o n o f  
Ag r i c u l t u r a l S e r v i c e s , N . S . W . D e pa r t me n t  o f  
Ag r i c u l t u r e , N . S . W . , Au s t r a l i a .  

G i l mo �r ,  A . R . ,  R . D .  An d e r s o n ,  a nd A . L .  R a e  ( 1 9 8 5 ) . T h e  
a na l ys i s  o f  b i n o m i a l  d a ta 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 ome t r i k a 7 2 : 5 9 3 - 5 9 9 . 



G i r a r d , J .  ( 1 9 6 9 ) .  ( R e s u mp t i o n o f  wo o l  g r o w t h  i nd u c e d  by 
t hyr o x i ne i n j e c t i o n i n  hyp o p hys e c t om i z e d  < < I l e  d e  
F r a nc e > >  e we s ) .  An na l e s  d e  B i o l o g i e , a n i ma l  
B i o c h e m i g u e , B i o p hys i g u e  9 : 4 9 7 - 5 1 2 . 
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G o l d ma n ,  B . D .  ( 1 9 8 2 ) . S o c i e t y f o r t he S t udy o f  R e p r o d uc t i o n 
2 6 , S u p p  1 : Ab s t r  2 2  

G o l d ma n , B . D . , V .  Ha l l ,  C .  H o l l i s t e r ,  P .  R o yc h o ud h u r y ,  L .  
T a ma r k i n  a n d  W .  We s t r om ( 1 9 7 9 ) . E f f e c t s  o f  me l a t o n i n  o n  
t he e  r e p r od uc t i ve s ys t e m  i n  i n ta c t  a nd p i n e a l e c t o m i z e d  
ma l e  hams t e r s  ma i n t a i n e d  u nd e r  va r i o u s p h o t o p e r i od s . 
E n d o c r i n o l o g y  1 0 4 : 8 2 - 8 8 . 

G r a h a m ,  N . Mc C . ( 1 9 6 8 ) T h e  me t a b o l i c  r a t e  o f  Me r i n o r a ms b r e d  
f o r  h i g h  o r  l o w wo o l  p r o d u c t i o n . Au s t ra l i a n  J o u r na l  o f  
Ag r i c u l t u r a l  R e s e a r c h  1 9 : 8 2 1 - 8 2 4 . 

H a m i l t o n ,  B . A . a nd J . P .  L a n g l a nd s  ( 1 9 6 9 ) E f f i c i e n c y  o f  wo o l  
p r o d uc t i o n o f  g r a z i n g s h e e p . I .  D i f f e r e n c e s  b e t we e n  
Me r i n o s  s e l e c t e d  f o r h i g h a nd l o w  f l e e c e we i g h t . 
Au s t r a l i a n  J o u r na l o f  E x pe r i me n t a l Agr i c u l t r e  a nd 
An i ma l  Hus b a nd r y  9 : 2 4 9 - 2 5 3 . 

H a mm o nd , J .  ( 1 9 5 1 ) . C o n t r o l  b y  l i g h t  o f  r e p r o d u c t i o n i n  
f e r r e t s a nd m i n k . Na t u r e  1 6 7 : 1 5 0 - 1 5 1 . 

H a mm o nd , J .  ( 1 9 5 2 ) . C o n t r o l  o f  r e p r o d u c t i o n a nd p e l t  c ha n g e s 
i n  f e r r e t s ; s ome e x p e r i me n t s  w i t h  a n i ma l s  k e p t e n t i r e l y  
u p o n  a r t i f i c i a l  l i g h t . J o u r na l  o f  Agr i c u l t u r a l S c i e n c e  
4 2 : 2 9 3 - 3 0 3 . 

H a mm o nd , J .  ( 1 9 5 3 ) . " E f f e c t s  o f  a r t i f i c i a l  l i g h t i ng o n  t he 
r e p r od u c t i ve a nd pe l t  c ha n g e s  o f  t he m i n k " . M o n o g r a p h , 
H e f f e r , Ca mb r i d g e . 

H a n r a ha n ,  J . P . ( 1 9 7 4 ) . O v u l a t i o n r a t e  a s  a s e l e c t i o n 
c r i t e r i a  f o r f e c u n d i t y i n  s h e e p . P r o c e e d i n g s  o f  t h e  1 s t  
Wo r l d C o ng r e s s  o f  G e n e t i c s App l i e d  t o  L i ve s t o c k  
P r od u c t i o n ,  I I I : l 0 3 3 - 1 0 3 7 . 

H a n r a ha n ,  J . P .  ( 1 9 7 6 ) . R e p e a t a b i l i t y o f  ovu l a t i o n r a t e  a nd 
i t s r e l a t i o n s h i p  w i t h  l i t t e r  s i z e i n  f o ur s h e e p  b r e e d s . 
P r o c e e d i n g s  o f  t h e  2 7 t h  me e t i n g o f  t h e E u r o pe a n  
As s o c i a t i o n o f  An i ma l  P r o d u c t i o n ,  Z u r i c h ,  6 3 0 , 5 3 8  p p l -
8 .  

H a r d y ,  J . I .  a nd J . B .  T e n n ys o n  ( 1 9 3 0 ) .  J o u r na l  o f  
Ag r i c u l t u r a l R e s e a r c h  4 0 : 4 5 7 - 4 6 8 . 

H a r e , L o u i s e  a n d  M . J .  B r ya n t  ( 1 9 8 2 ) . C ha r a c t e r i s t i c s o f  
o e s t r u s cyc l e s  a nd p l a s ma p r o g e s t e r o n e  pr o f i l e s  o f  
y o u n g  f e ma l e  s h e e p  d u r i n g t h e i r  f i r s t  b r e e d i n g s e a s o n . 
An i ma l  P r o d u c t i o n  3 5 : 1 - 7 . 



H a r t ,  D . S .  ( 1 9 5 3 ) . Ad d i t i o na l p h o t o p e r i o d i c  r e s p o ns e  i n  
s h e e p . N a t u r e  1 7 1 : 1 3 3 - 1 3 4 . 
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Ha r t ,  D . S .  ( 1 9 5 5 ) . T h e  p h o t o pe r i od i c a nd h o r mo ne r e s p o n s e  o f  
wo o l  g r o wt h  i n  s h e e p . P r o c e e d i n g s  o f  t h e  N e w  Z e a l a nd 
S o c i e t y  o f  An i ma l  P r o d u c t i o n 1 5 : 5 7 - 6 5 .  

H a r t ,  D . S .  ( 1 9 6 1 ) . T h e  e f f e c t  o f  l i g h t - d a r k  s e q u e nc e s  o n  
wo o l  g r o wt h . J o u r na l  o f  Agr i c u l t u r a l S c i e nc e  5 6 : 2 3 5 -
2 4 3 . 

H a r t ,  D . S . ,  J . W .  B e n n e t t ,  J . C . D .  H u t c h i n s o n ,  M .  W od z i c k a ­
T o ma z e ws k a  ( 1 9 6 3 ) . R e ve r s e d  p h o t o pe r i o d i c s e a s o n s  a nd 
wo o l  g r o w t h . N a t u r e  1 9 8 : 3 1 0 - 3 1 1 . 

Ha wk e r , H .  ( 1 9 8 4 ) . T w i n s  a nd t r i p l e t s d o n ' t  h u r t wo o l  
p r o d u c t i o n . N e w  Z e a l a nd F a r me r  1 0 5 ( 7 )  : 1 1 4 - 1 1 5 . 

Ha wk e r , H .  ( 1 9 8 5a ) . L i v e we i g h t  a n d  wo o l  c h a r a c t e r i s t i c s o f  
R o mn e y  e we h o g g e t s  s c r e e n e d  o n  h i g h f l e e c e  we i g h t . 
An n ua l R e p o r t  1 9 8 3 / 8 4 . S o u t h e r n  S o u t h  I s l a nd R e g i o n .  
Agr i c u l t u r a l R e s e a r c h  D i v i s i o n .  N e w  Z e a l a nd M i n i s t r y  o f  
Ag r i c u l t u r e  a nd F i s h e r i e s . p .  2 6 3 . 

Ha wk e r , H .  ( 1 9 8 5 b ) . E f f e c t s  o f  n u t r i t i o n i n  wi n t e r  a nd 
s umme r o n  t h e  wo o l  g r o w t h  o f  R o mn e y  a nd P e r e nd a l e  e we s . 
An n ua l R e p o r t 1 9 8 3 / 8 4 . S o u t he r n  S o u t h  I s l a nd R e g i o n . 
Ag r i c u l t u r a l R e s e a r c h  D i v i s i o n . N e w Z e a l a n d M i n i s t r y  o f  
Ag r i c u l t u r e  a nd F i s h e r i e s . p .  2 6 4 - 2 6 5 .  

H a wk e r ,  H .  ( 1 9 8 5 c ) . E f f e c t s o f  s e a s o n  a nd n u t r i t i o n o n  wo o l  
g r o wt h . N e w  Z e a l a nd W o o l  B oa r d . P r o c e e d i n g s  o f  a Wo o l  
P r o d uc t i o n  S e m i na r , J u n e  1 9 8 5 ,  4 ( 1 - 1 6 ) . 

H a wk e r , H .  ( 1 9 8 6 ) . B r e e d i n g f o r  mo r e  e f f i c i e n t  f i b r e  
p r o d u c t i o n .  W . R . O . N . Z .  P r oc e e d i n g s  o f  a Wo o l  P r od u c t i o n 
S e m i n a r  5 : 4 8 - 5 3 . 

H a wk e r , H .  a n d  J . P .  K e n n e d y ( 1 9 7 8 a ) . P u b e r t y a nd s u b s e q u e n t  
o e s t r o u s  a c t i v i t y i n  y o u n g  Me r i n o  e we s . Aus t r a l i a n  
J o u r na l  o f  E x p e r i me nt a l Agr i c u l t u r e  a n d  An i ma l  
H u s ba nd r y  1 8 : 3 4 7 - 3 5 4 . 

H a wk e r , H .  a nd J . P .  K e n n e d y ( 1 9 7 8 b ) . I n f l u e n c e  o f  s e a s o n  a nd 
o f  r e p r o d u c t i ve s t a t u s o n  t he wo o l  g r o wt h  o f  Me r i n o  
e we s  i n  a n  a r i d  e nv i r o n me nt . Au s t r a l i a n  J o u r n a l  o f  
E x p e r i me n t a l Ag r i c u l t u r e  a nd An i ma l  H u s ba nd r y  1 8 : 6 4 8 -
6 5 2 . 

Ha wk e r , H . , S . F .  C r o s b i e ,  K . F .  T h o mps o n  a n d J . E . McEwa n  
( 1 9 8 4 ) . E f f e c t s  o f  s e a s o n  o n  t h e  wo o l  gr o wt h  r e s p o n s e  
o f  R o mn e y  e we s  t o  p a s t u r e a l l o wa n c e . P r o c e e d i n g s  o f  t h e  
Aus t r a l i a n  S o c i e t y o f  An i ma l  P r od u c t i o n 1 5 : 3 8 0 - 3 8 3 . 

Ha wk e r ,  H .  a n d  S . F .  C r o s b i e  ( 1 9 8 5 ) . E f f e c t s  o f  l e ve l  o f  
n u t r i t i o n  i n  w i n t e r  a nd s umme r o n  t h e  wo o l  g r o wt h  o f  
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R o mn e y  a nd P e r e nd a l e  e we s  w i t h  a h i s t o r y  o f  h i g h  o r  l o w 
w i n t e r  wo o l  g r o w t h . P r o c e e d i n gs o f  t h e  N e w  Z e a l a nd 
S o c i e t y o f  An i ma l  P r od u c t i o n 4 5 : 2 2 5 - 2 2 8 . 

H a wk e r , H . , J . C .  Mc E wa n a nd J . N .  C l a r k  ( 1 9 8 5 ) . T h e  i n f l u e n c e  
o f  s e l e c t i o n f o r  h o g g e t g r e a s y  f l e e c e  we i g h t  o n  wo o l  
g r o wt h  p a t t e r n s . An n u a l R e p o r t  1 9 8 3 / 8 4 ,  S o u t h e r n  S o u t h  
I s l a nd R e g i o n ,  Ag r i c u l t u r a l R e s e a r c h  D i v i s i o n ,  N e w  
Z e a l a nd M i n i s t r y  o f  Ag r i c u l t u r e  a n d  F i s h e r i e s , p . 2 6 6 . 

H a wk e r , H .  a nd L i t t l e j o h n ,  R . P .  ( 1 9 8 6 ) . L i ve we i g h t s , 
f l e e c e we i g h t s  a n d  wo o l  c h a r a c t e r i s t i c s o f  s c r e e n e d  h i gh 
f l e e c e we i g h t  a nd r a nd o m l y  s e l e c t e d  R o mn e y  e we h og ge t s . 
P r o c e e d i n g s  o f  t h e  N e w  Z e a l a nd S o c i e t y  o f  A n i ma l  
P r od uc t i o n 4 6 : 2 1 9 - 2 2 3 . 

H e a t h , H . W .  a nd G . R .  L y n c h  ( 1 9 8 1 ) . E f f e c t s  o f  1 8  we e k s  o f  
d a i l y me l a t o n i n  i n j e c t i o n o n  r e p r o d uc t i o n a nd 
t e mp e r a t u r e  r e g u l a t i o n i n  t h e  mo u s e , ( P e r o my s c u s  
l e uc o p u s ) .  J o u r na l o f  E x pe r i me n ta l Z o o l o gy 2 1 6 : 1 9 3 - 1 9 5 .  

H e a t h ,  H . W . a nd G . R .  L yn c h  ( 1 9 8 2 ) . I n t r a s pe c i f i c d i f f e r e n c e s  
f o r  me l a t o n i n - i nd uc e d  r e p r od u c t i ve r e g r e s s i o n  a nd t h e  
s e a s o na l  mo u l t  i n  " p e r o mys c u s - l e u c o p u s " .  G e n e r a l  a nd 
C o mpa r a t i ve E n d o c r i n o l o g y  4 8 : 2 8 9 - 2 9 5 .  

H e n d e r s o n ,  A . E .  ( 1 9 5 5 ) . F a u l t s  i n  N e w  Z e a l a nd w o o l . L i n c o l n  
C o l l e g e  T e c h n i ca l  P u b l i ca t i o n N o . 1 2 . 

H e n d e r s o n , A . E .  ( 1 9 6 8 ) .  G r o w i n g  b e t t e r  wo o l . A . H .  a nd A . W .  
R e e d , We l l i ng t o n  

H e nd e r s o n ,  A . E . , J .  M c G . B r yd e n , F . E .  Ma z z i t e l l i  a nd K . E .  
M i l l i ga n  ( 1 9 7 0 ) . P r o t e i n  s u p p l e me n ta t i o n a n d wo o l  
g r o wt h . P r o c e e d i n g s  o f  t h e  N e w  Z e a l a nd S o c i e t y  o f  An i ma l  
P r o d u c t i o n 3 0 : 1 8 6 - 2 0 1 . 

H e u e r , P . A .  ( 1 9 7 9 ) . S t a p l e  s t r e n g t h  me a s u r e me n t  e q u i pme n t . 
C . S . I . R . O .  D i v i s i o n o f  T e x t i l e Phys i c s . P r o c e e d i ng s  o f  
a s e m i n a r  o n  s t a p l e  l e n g t h  a nd s t a p l e  s t r e n g t h  o f  
g r e a s y  wo o l ,  R yd e  N S W  p 6 3 - 7 8 . 

H e yd e n r yc h , H . J . ,  L . P .  V o o s 1 o o  a n d  D . J . B . M e i s e n h e i me r  
( 1 9 7 7 ) . S e l e c t i o n  r e s p o n s e  i n  S o u t h  Af r i c a n M e r i n o  
s h e e p  s e l e c t e d  e i t h e r  f o r h i gh c l e a n  f l e e c e  ma s s  o r  f o r  
a w i d e r  S / P r a t i o .  Ag r oa n i ma l i a 9 :  6 7 - 7 3 . 

H i g h t , G . K .  a nd K . E .  J u r y  ( 1 9 7 1 ) . H i l l  C o u n t r y  s h e e p  
p r o d u c t i o n .  I I I . S o u r c e s  o f  va r i a t i o n i n  R o mn e y  a nd 
B o r d e r  L e i s c e s t e r  X R o mn e y  l a mbs a nd h o g g e t s . N e w  
Z e a l a nd J o u r na l  o f  Ag r i c u l t u r a l R e s e a r c h  1 4 : 6 6 9 - 6 8 6 . 

H i g h t , G . K . ,  D . R .  L a n g  a n d K . E .  J u r y  ( 1 9 7 3 ) . H i l l  C o u n t r y  
s h e e p  p r o d u c t i o n . V .  O c c u r e n c e  o f  o e s t r u s a nd o v u l a t i o n 
r a t e  o f  R o mn e y  a nd B o r d e r  L e i c e s t e r  X R o m n e y  e we 
h o gg e t s . N e w  Z e a l a nd J o u r na l  o f  Ag r i c u l t u r a l R e s e a r c h  
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1 6 : 5 0 9 - 5 1 7 . 

H i g h t , G . K .  a nd J u r y ,  K . E .  ( 1 9 7 6 ) .  H i l l  C o u n t r y  s h e e p  
p r o d uc t i o n . V I I I . Re l a t i o n s h i p  o f  h o g g e t a nd t wo - ye a r ­
o l d o e s t r us a nd o v u l a t i o n  r a t e  t o  s u b s e q u e n t  f e r t i l i t y 
i n  R omne y  a nd B o r d e r  L e i c e s t e r  X R omn e y  e we s . N e w  
Z e a l a nd J o u r n a l o f  Agr i c u l t u r a l R e s e a r c h 1 9 : 2 8 1 - 2 8 8 . 

H i g h t ,  G . K . ,  J . J . At k i ns o n ,  R . M . W . S um n e r a nd M . L . B i g ha m  
( 1 9 7 6 ) . H i l l  c o u n t r y  s h e e p  p r o d u c t i o n VI I I . Wo o l  t r a i t s 
o f  R omne y  a nd B o r d e r  L e i c e s t e r  x R o mn e y  e we s . N e w  
Z e a l a nd J o u r na l  o f  Ag r i c u l t u r a l R e s e a r c h  1 9 : 1 9 7 - 2 1 0 . 

H i l l ,  M . K . ( 1 9 7 0 ) . T h e  e f f e c t  o f  p l a n e o f  n u t r i t i o n o n  
s e a s o n a l va r i a t i o n i n  t h e  e f f i c i e nc y  o f  wo o l  g r o w t h  i n  
Me r i n o  s h e e p .  P r o c e e d i ng s  o f  t h e  Aus t r a l i a n  S o c i e t y o f  
An i ma l  P r o d u c t i o n 8 : 5 2 7 - 5 3 0 . 

H o  f f m a n n , K . ( 1 9 7 3 ) . T h e  i n f l u e n c e o f p h  o t o  p e r i o d a nd 
me l a t o n i n  o n  t e s t i s  s i z e ,  b o d y  we i g h t  a nd p e l a g e  c o l o u r  
i n  t h e D j u n g a r i a n  hams t e r  ( P h od o p u s s u n g o r i s ) . J o u r na l 
o f  C o mp a r a t i ve P hys i o l o g y  8 5 : 2 6 7 - 2 8 2 . 

H o r t o n ,  C . T .  ( 1 9 7 8 ) . S ome a s pe c t s  o f  w i n t e r  g r a z i ng s ys t e ms 
o n  wo o l  p r od u c t i o n . T h e s i s ,  M . Ag r . S c i . ,  Ma s s e y  
Un i ve r s i t y ,  P a l me r s t o n  N o r t h ,  N e w  Z e a l a nd .  

H o r t o n ,  C . T .  a n d  G . A .  W i c k ham ( 1 9 7 9 ) . T h e  e f f e c t s  o f  w i n t e r  
g r a z i n g s ys t e ms o n  s o me wo o l  t r a i t s . P r o c e e d i n g s  o f  
t h e  N e w  Z e a l a nd S o c i e t y  o f  An i ma l  P r o d u c t i o n 3 9 : 1 0 6 -
1 1 4 . 

H o us s a y ,  B . B . , J . H .  P a z o  C . E .  E p p e r  ( 1 9 6 6 ) . E f f e c t s  o f  t he 
p i n e a l g l a nd u p o n  t he ha i r  c yc l e s  i n  m i c e . J o u r na l o f  
I nv e s t i ga t i ve D e r ma t o l o gy 4 7 : 2 3 0 - 2 3 4 . 

H u l e t ,  C .  V . , E . L .  W i g g i ns a nd S . K .  E r c a n b r a c k  ( 1 9 6 9 ) . 
O e s t r u s i n  r a n g e  l a mbs a nd i t s r e l a t i o n s h i p  t o  l i f e t i me 
r e p r o d u c t i v e p e r f o r ma n c e . J o u r na l  o f  An i ma l  S c i e nc e  
2 8 : 2 4 6 - 2 5 2 . 

H u l l ,  F . T . L .  a nd R . K . T .  H a n n i ng ( 1 9 8 0 ) . A p l a n  f o r i mp r o v i n g 
t h e  f e c u nd i t y o f  a f l o c k  b y  i nd i r e c t  s e l e c t i o n . 
P r o c e e d i n g s  o f  t h e  N e w  Z e a l a nd S o c i e t y o f  An i ma l  
P r od uc t i o n ,  4 0 : 2 4 0 - 2 4 7 . 

H u t c h i n s o n ,  J . C .  D .  ( 1 9 6 5 ) . P h o t o p e r i o d i c  c o n t r o l  o f  t h e 
a n n ua l r h y t h m  o f  wo o l  g r o wt h . I n ;  " B i o l o gy o f  t h e s k i n  
a nd h a i r  g r o wt h " . E d s . A . G .  L yn e  a nd B . F .  S h o r t , An g u s  
a nd R o be r t s o n ,  S yd n e y . 

H u t c h i n s o n ,  J . C . D .  ( 1 9 7 6 ) . P h o t o p e r i od i c  e f f e c t s  o n  ha i r  a nd 
wo o l  g r o w t h  o f  d o me s t i c  a n i ma l s . P r o g r e s s  i n  
B i o me t e o r o l o g y  B v o l 1 p t  2 : 4 7 - 6 0 . 

H u t c h i n s o n ,  J . C . D . , M .  Wo d z i c k a - T o ma s z e ws k a  ( 1 9 6 1 ) . C l i ma t e  



2 2 1 

ph ys i o l o gy o f  s h e e p  An i ma l  B r . Ab s t r . 2 9 , 1 : 1 - 1 4  

H u t c h i n s o n ,  K . J .  ( 1 9 6 1 ) M e a s u r e me n t s  o f  wo o l  pr od u c t i o n a nd 
i t s p h ys i o l o g i ca l  c o m p o n e n t s  i n  a g r o u p  o f  S o u t h  
Au s t r a l i a n  Me r i n o  s h e e p . Aus t r a l i a n  J o u r n a l  o f  
Ag r i c u l t u ra l R e s e a r c h  1 2 : 6 9 6 - 7 1 4 . 

H u t c h i n s o n , K . J .  ( 1 9 6 2 ) .  C l i ma t e  c o r r e c t i o n s  t o  t h e  s e a s o n a l  
wo o l  g r o wt h  r hy t h m  o f  s h e e p  g r a z i ng i n  a S o u t h e r n  
Aus t r a l i a n  e nv i r o nme n t . P r o c e e d i n g s  o f  t h e  Au s t r a l i a n  
S o c i e t y o f  An i ma l  P r o d u c t i o n 4 : 3 4 - 3 7 . 

H u t c h i ns o n ,  K . J .  a n d  R . B .  P o r t e r  ( 1 9 5 8 ) . G r o wt h  a nd wo o l  
p r o d uc t i o n o f  M e r i n o  h o g g e t s  r e l a t e d  t o  g r a z i ng i n t a k e  
i n  a S o u t h  Au s t r a l i a n  e n v i r o n me n t . P r o c e e d i n g s  o f  t h e  
Au s t r a l i a n  S o c i e t y o f  An i ma l  P r od uc t i o n 2 : 3 3 - 4 1 . 

H y n d , P . I .  ( 1 9 8 9 ) E f f e c t s  o f  n u t r i t i o n o n  wo o l  f o l l i c l e  c e l l  
k i n e t i c s i n  s h e e p  d i f f e r i ng i n  e f f i c i e n cy o f  wo o l  
p r o d u c t i o n . Au s t r a l i a n  J o u r n a l  o f  A g r i c u l t u r a l  R e s e a r c h  
4 0 : 4 0 9 - 4 1 7 . 

I s l a m ,  A . B . M . M .  a nd R . B .  L a nd ( 1 9 7 7 ) . S e a s o na l  v a r i a t i o n i n  
t e s t i s  d i a me t e r  a nd s pe r m o u t p u t  o f  r a ms o f  d i f f e r e n t  
p r o l i f i ca c y . An i ma l  P r o d u c t i o n 2 5 : 3 1 1 - 3 1 9 . 

J o h n s o n ,  E .  ( 1 9 8 4 ) .  S e a s o na l  a da p t i ve c o a t  c ha n g e s  i n  
mamma l s . Ac t a  Z o o l o g i c a F e n n i c a 1 7 1 : 7 - 1 2 . 

J o h n s s o n , I . D . , I . C .  H a r t  a nd B . W . B u t l e r - H o g g  ( 1 9 8 5 ) . T h e  
e f f e c t s  o f  e x o g e n o u s b o v i ne g r o wt h h o r mo n e  a nd b r omo ­
c r i p t i n e o n  g r o wt h ,  b o d y  d e ve l o pme n t ,  f l e e c e  we i g h t  a nd 
p l a sma c o n c e n t r a t i o n s  o f  Gr o w t h  h o r mo n e , I n s u l i n  a nd 
P r o l a c t i n  i n  e we l a mb s . An i ma l  P r o d u c t i o n  4 1 : 2 0 7 - 2 1 7 . 

J o u be r t , D . M .  ( 1 9 6 3 ) .  P u b e r t y  i n  f e ma l e  f a r m  a n i ma l s . An i ma l  
B r e e d i ng Abs t r a c t s  3 1 : 2 9 5 - 3 0 6 . 

K a r s c h ,  F . J . ,  E . L .  B i t t ma n ,  D . L .  F o s t e r ,  R . L .  G o o d ma n ,  S . J .  
L eg a n  a nd J . E .  R o b i n s o n  ( 1 9 8 4 ) . N e u r o e nd o c r i n e ba s i s  o f  
s e a s o n a l r e p r o d u c t i o n . R e c e n t  P r o g r e s s  i n  H o r mo n e  
Re s e a r c h  4 0 : 1 8 5 - 2 3 2 . 

K a y ,  R . N . B .  a n d  M . L . Ryd e r  ( 1 9 7 8 ) . C o a t  g r o w t h  i n  R e d  d e e r  
( Ce r vus e l a ph u s ) e x p o s e d  t o  a d a y  l e n g t h  cyc l e  o f  s i x 
mo n t h s  d u r a t i o n .  J o u r n a l  o f  t h e  Z o o l o g i ca l  S o c i e t y ,  
L o nd o n ,  1 8 5 : 5 0 5 - 5 1 0 . 

K e n na wa y ,  D . J .  ( 1 9 8 4 ) .  P i n e a l f u n c t i o n i n  u n g u l a t e s . P i n e a l 
Re s e a r c h  Re v i e ws 2 : 1 1 3 - 1 4 0 . 

K e n n a wa y ,  D . J . , J . M .  O b s t ,  E . A .  D u n s t a n ,  H . G .  F r i e s e n  
( 1 9 8 1 ) . U l t r a d i a n  a nd s e a s o na l  r h y t hms i n  p l a s ma 
g o na d o t r o p i n s ,  p r o l a c t i n ,  c o r t i s o l  a nd t e s t o s t e r o n e  i n  
p i ne a l e c t o m i z e d  r a ms . E nd o c r i n o l o g y  1 0 8 : 6 3 9 - 3 7 6 . 



K e n n a wa y ,  D . J . ,  L . M .  S a n f o r d , B .  G o d f r e y ,  H . G .  F r i e s e n  
( 1 9 8 3 ) .  P a t t e r n s o f  p r o g e s t e r o n e , me l a t o n i n  a n d  

p r o l a c t i n  s e c r e t i o n  i n  e we s  ma i n t a i n e d  i n  f o u r  
d i f f e r e n t  p h o t o p e r i od s . J o u r na l o f  E n d o c r i n o l o g y  
9 7 : 2 2 9 - 2 4 2 . 
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K e n na wa y ,  D . J . a nd T . A .  G i l mo r e  ( 1 9 8 4 ) . E f f e c t s  o f  me l a t o n i n  
i mp l a n t s  i n  e we l a mb s . J o u r na l o f  R e p r od uc t i o n  a nd 
F e r t i l i t y 7 0 : 3 9 - 4 5 . 

K e n n a wa y ,  D . J .  a nd T . A . G i l mo r e  ( 1 9 8 5 ) . E f f e c t  o f  me l a t o n i n  
i mp l a n t s  i n  r am l a mb s . J o u r na l  o f  R e p r o d uc t i o n  a nd 
F e r t i l i t y 7 3 : 8 5 - 9 1 . 

K e n n e d y ,  J . P .  ( 1 9 6 7 ) . G e n e t i c a nd p h e n o t yp i c  r e l a t i o n s h i p s 
b e t we e n  f e r t i l i t y a n d  wo o l  p r o d u c t i o n i n  2 -y e a r  o l d  
M e r i n o  s h e e p . Aus t r a l i a n  J o u r na l  o f  Agr i c u l t u r a l 
R e s e a r c h  1 8 : 5 1 5 - 5 2 2 . 

K ha t e e b ,  A . Al .  a nd E .  J o h n s o n  ( 1 9 7 1 ) . S e a s o na l  c ha ng e s o f  
p e l a g e i n  t h e  v o l e  ( M i c r o t u s a g r e s t i s ) . G e n e r a l a n d  
C o m pa r a t i ve E n d o c r i n o l o g y  1 6 : 2 1 7 - 2 4 0 . 

K i l g o u r , R . J . ,  I . W .  P u r v i s ,  L . R .  P i p e r  a nd K . D .  At k i n s 
( 1 9 8 5 ) . H e r i t a b i l i t i e s o f  t e s t i s  s i z e  a nd s e x ua l 
b e ha v i o r i n  ma l e s a nd t h e i r  g e n e t i c  c o r r e l a t i o n s  w i t h  
me a s u r e s  o f  f e ma l e  r e p r od u c t i o n . I n : " G e ne t i cs o f  
R e p r o d u c t i o n i n  S h e e p " ,  e d i t o r s  R . B .  La nd a nd D . W . 
R o b i n s o n ,  p p . 3 4 3 - 3 4 5 . L o nd o n ,  B u t t e r wo r t h s . 

K i t a y ,  J . I . a nd M . D .  Al t s c h u l e  ( 1 9 5 4 ) .  " T h e  p i n e a l  g l a nd " ,  
Ha r va r d  Un i ve r s i t y P r e s s , Ca mb r i d g e , MAS S 

K o p r o ws k i ,  J . A .  a nd H . A .  T u c k e r  ( 1 9 7 3 ) . S e r um p r o l a c t i n  
d u r i n g va r i o u s  p h ys i o l o g i ca l  s t a t e s  a nd i t s 
r e l a t i o n s h i p  t o  m i l k  p r o d u c t i o n i n  t h e  b o v i n e . 
E n d o c r i n o l o gy 9 2 : 1 4 8 0 - 1 4 9 3 . 

K r a e l i n g , R . R . , G . B .  Rampa c e k ,  J . W .  Ma b r y ,  F . L .  C u n n i n g h a m ,  
J . A .  P i n k e r t  ( 1 9 8 3 ) . S e r u m c o n c e n t r a t i o n s o f  p i t u i t a r y  
a nd a d r e na l  h o r mo n e s  i n  f e ma l e  p i gs e x p o s e d  t o  t wo 
p h o t o p e r i od s . J o u r na l  o f  An i ma l  S c i e n c e  5 7 : 1 2 4 3 - 1 2 4 8 . 

K u l l ba c k , S .  ( 1 9 5 9 ) . I n f o r ma t i o n t h e o r y  a nd s t a t i s t i c s . 
W i l e y ,  N e w  Y o r k . 3 9 5 p p  

L a b ba n ,  F . M .  ( 1 9 5 7 ) . T h e  e f f e c t o f  g r o w t h  h o r mo n e  o n  wo o l  
f o l l i c l e s . J o u r na l  o f  Ag r i c u l t u r a l S c i e n c e  4 9 : 1 9 - 2 5 . 

L a mb o u r n e , L . J .  ( 1 9 5 6 ) . A c ompa r i s o n b e t we e n  r o t a t i o n a l 
g r a z i n g a nd s e t  s t o c k i n g f o r  f a t  l a mb p r o d u c t i o n .  N e w  
Z e a l a nd J o u r na l  o f  S c i e n c e  a nd T e c h n o l ogy A .  3 7 ( 6 ) : 5 5 5 -
5 6 7 . 

L a n d , R . B .  ( 1 9 7 3 ) . T h e  e x p r e s s i o n o f  f e ma l e  s e x - l i m i t e d  
c ha r a c t e r s  i n  t h e  ma l e . N a t u r e , ( L o nd o n ) ,  2 4 1 : 2 0 8 - 2 0 9 . 



L a nd , R . B .  ( 1 9 7 4 ) .  P h ys i o l o g i ca l  s t ud i e s  a nd g e n e t i c  
s e l e c t i o n f o r s h e e p  f e r t i l i t y .  An i ma l  B r e e d i n g 
Abs t r a c t s  4 2 : 1 5 5 - 1 5 8 . 

L a nd , R . B .  ( 1 9 7 7 ) . G e n e t i c  va r i a t i o n a nd i mp r o v e me n t . 
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C h a p t e r  2 2 ,  I n :  " R e p r o d uc t i o n i n  D o me s t i c  An i ma l s " ,  
E d s . H . H .  C o l e ,  a nd P . T . C u p p s , B u t t e r wo r t h s , p p . 5 7 7 -
6 0 4 . 

L a nd , R . B .  ( 1 9 7 8 a ) . G e n e t i c  i mp r o v e me n t  o f  ma mma l i a n  
f e r t i l i t y :  A r e v i e w  o f  o p p o r t u n i t i e s . An i ma l  
R e p r o d u c t i o n S c i e n c e . 1 : 1 0 9 - 1 3 5 .  

L a n d  , R . B . ( 1 9 7 8 b ) . R e  p r o d u c t i o n  i n y o u n g  s h e  e p : s o me 
g e n e t i c  a n d  e nv i r o nme n t a l s o u r c e s  o f  va r i a t i o n . J o u r n a l 
o f  R e p r o d uc t i o n a nd F e r t i l i t y .  5 2 : 4 3 7 - 4 3 6 . 

L a n d , R . B .  a nd W . R . Ca r r  ( 1 9 7 5 ) . Te s t i s  g r o wt h  a n d  p l a s ma L H  
c o n c e n t r a t i o n f o l l o w i n g  h e m i c a s t r a t i o n a nd i t s r e l a t i o n 
w i t h  f e ma l e  p r o l i f i ca c y  i n  s h e e p . J o u r na l o f  
R e p r o d uc t i o n a nd Fe r t i l i t y 4 5 : 4 9 5 - 5 0 1 . 

L a n d , R . B .  a nd W . R . Ca r r  ( 1 9 7 9 ) . R e pr o d u c t i o n i n  d ome s t i c  
a n i ma l s . I n :  " G e n e t i c va r i a t i o n i n  h o r mo n e  s ys t e ms " . 
Vo l .  1 .  CRC p r e s s , J . G . M .  S q u i r e  ( Ed . ) F L . p 8 9 - 1 1 2 . 

L a n g , W . R .  ( 1 9 5 2 ) . An o ma l o u s  wo o l  g r o wt h  i n  a Me r i n o  f l e e c e . 
J o u r na l  o f  t h e  Au s t r a l i a n  I n s t i t u t e  o f  Ag r i c u l t u r a l 
S c i e nc e  1 8 : 1 0 8 - 1 0 9 . 

L a n g l a nd s ,  J . P .  a nd B . A .  H a m i l t o n ( 1 9 6 9 ) . E f f i c i e n c y  o f  w o o l  
p r o d u c t i o n o f  g r a z i ng s h e e p . 2 .  D i f f e r e n c e s  b e t we e n  
b r e e d s  a nd s t r a i n s va r y i n g i n  a g e . Au s t r a l i a n  J o u r na l  
o f  E x pe r i me n t a l Ag r i c u l t u r e  a nd An i ma l  H us ba nd r y  9 : 2 5 4 -
2 5 7 . 

L a n g l a nd s , J . P .  a nd J . L .  Wh e e l e r  ( 1 9 6 8 ) . T h e  d y e b a n d i n g a nd 
t a t t o o  pa t c h  p r o c e d u r e s  f o r  e s t i ma t i n g wo o l  p r o d u c t i o n 
a nd o b t a i n i n g s a mp l e s  f o r  t h e  me a s u r e me n t  o f  f i b r e  
d i a me t e r . Aus t r a l i a n  J o u r na l  o f  E x p e r i me n t a l 
Agr i c u l t u r e  a nd An i ma l  H u s b a n d r y  8 : 2 6 5 - 2 6 9 . 

L a r ge , R . V . ( 1 9 7 0 ) . T h e  b i o l o g i ca l  e f f i c i e n c y  o f  me a t  
p r o d u c t i o n i n  s h e e p .  An i ma l  P r od u c t i o n .  1 2 : 3 9 3 - 4 0 1 . 

L a r o s e ,  P .  a nd A . S .  T we e d i e  ( 1 9 3 8 ) . T h e  i n f l u e n c e  o f  
n u t r i t i o na l  a nd c l i ma t i c  f a c t o r s  o n  wo o l  g r o wt h  a nd 
q u a l i t y .  I I . La b o r a t o r y  me t h o d s  u s e d  i n  me a s u r e me n t  o f  
w o o l  c h a r a c t e r s . Ca n a d i a n  J o u r na l  o f  R e s e a r c h  1 6 : 1 6 6 -
1 7 3 . 

L e e s , J . L .  ( 1 9 7 9 ) . Fa c t o r s  a f f e c t i n g p u be r t y a nd ma t i n g  
b e h a v i o r  i n  s h e e p . I n : " T h e  Ma n a g e me n t  a nd D i s e a s e s  o f  
s h e e p " . Ed i t e d b y  t h e  B r i t i s h  C o u n c i l  C o mmo n we a l t h  
Ag r i c u l t u r a l B u r e a u x . p .  1 2 4 - 1 5 1 . 



2 2 4  

L e ga n ,  S . J .  a nd F . J .  K a r s c h  ( 1 9 7 9 ) . N e u r o e nd o c r i ne 
r e g u l a t i o n o f  t h e  e s t r o u s  c yc l e  a n d  s e a s o na l  b r e e d i n g 
i n  t h e  e we . B i o l og y  o f  R e p r o d u c t i o n  2 0 : 7 4 - 8 5 . 

L e i n i ng ,  K . B . , H . A .  T u c k e r  a nd J . S .  K e s n e r  ( 1 9 8 0 ) . G r o w t h  
h o r mo n e , g l u c o c o r t i c o i d s  a nd t h yr o x i n e r e s p o ns e  t o  
d u r a t i o n ,  i n t e n s i t y a n d  wa v e l e ng t h  o f  l i g h t  i n  
p r e p u be r t a l  b u l l s . J o u r na l  o f  An i ma l  S c i e nc e  5 1 : 9 3 2 -
9 3 8 . 

L e r n e r ,  A . B . ,  J . D .  Ca s e , Y .  Ta k a h a s h i , T . H .  L e e , W .  M e r i  
( 1 9 5 8 ) . I s o l a t i o n o f  me l a t o n i n ,  t he p i n e a l g l a nd f a c t o r  
t ha t  l i g h t e ns me l a n o c yt e s . J o u r na l o f  t h e  Ame r i c a n  
C h e m i s t r y  S o c i e t y 8 0 : 2 5 - 8 7 . 

L e we r ,  R . P .  ( 1 9 7 8 ) . A s t ud y  o f  g e n e t i c  a n d  e n v i r o nme n t a l 
va r i a t i o n a nd c o va r i a t i o n i n  p r od uc t i ve t r a i t s o f  a 
f l o c k  o f  P e r e nd a l e  s h e e p . T h e s i s ,  P h . D .  Ma s s e y  
Un i ve r s i t y ,  P a l me r s t o n  N o r t h . 

L i n c o l n ,  G .  ( 1 9 8 3 ) . M e l a t o n i n  a s  a s e a s o n a l  t i me - c u e : a 
c o mme r c i a l  s t o r y .  Na t u r e  3 0 2 : 7 5 5 . 

L i n c o l n ,  G . A . ( 1 9 8 4 ) . Ce n t r a l e f f e c t s  o f  p h o t o pe r i od o n  
r e p r o d u c t i o n i n  t h e  r a m  r e ve a l e d b y  t h e  u s e  o f  a 
t e s t o s t e r o n e  c l a mp .  J .  E n d o c r . 1 0 3 : 2 3 3 - 2 4 1  

L i n c o l n ,  G . A . , A . S .  M c N e i l l y a nd C . A . Came r o n ( 1 9 7 8 ) . T h e  
e f f e c t s  o f  a s ud d e n  d e c r e a s e  o r  i n c r e a s e  i n  d a y l e n g t h  
o n  p r o l a c t i n  s e c r e t i o n i n  t he r a m . J o u r na l  o f  
R e p r o d u c t i o n a nd F e r t i l i t y 5 2 : 3 0 5 - 3 1 1 . 

L i nc o l n ,  G . A . , H .  K l a nd o r f  a nd N .  And e r s o n  ( 1 9 8 0 ) . 
P h o t o p e r i od i c  c o n t r o l  o f  t hyr o i d f u n c t i o n a nd w o o l  a nd 
h o r n  g r o wt h  i n  r a ms a nd t h e  e f f e c t  o f  c r a n i a l 
s ympa t h e c t omy . E n d o c r i n o l o g y  1 0 7 : 1 5 4 3 - 1 5 4 8 . 

L i n c o l n ,  G . A .  a nd R . V . S h o r t ( 1 9 8 0 ) . S e a s o na l b r e e d i ng :  
Na t u r e ' s  c o n t r a c e pt i ve . R e c e n t  P r o g r e s s  i n  H o r mo n e  
R e s e a r c h  3 6 : 1 - 5 2 . 

L i nc o l n ,  G . A . , O . F . X .  A l me i da , H .  K l a n d o r f a nd R . A . 
C u n n i n g h a m  ( 1 9 8 2 ) .  H o u r l y  f l u c t u a t i o n s i n  t h e  b l o o d  
l e ve l s  o f  me l a t o n i n ,  p r o l a c t i n ,  L H ,  F S H ,  t hyr o x i n e ,  a nd 
c o r t i s o l  i n  r a ms u nd e r  a r t i f i c i a l  p h o t o pe r i od s , a nd t h e  
e f f e c t o f  c r a n i a l  s ympa t h e c t omy .  J o u r n a l  E d o c r i n o l o g y  
9 2 : 2 3 7 - 2 4 4 . 

L i n c o l n ,  G . A .  a nd F . J . P .  E b l i n g ( 1 9 8 5 ) . E f f e c t  o f  c o n s t a n t ­
r e l e a s e  i mp l a n t s  o f  me l a t o n i n  o n  s e a s o na l  c yc l e s  i n  
r e pr od u c t i on ,  p r o l a c t i n  s e c r e t i o n a nd m o u l t i ng i n  r a ms . 
J o u r na l  o f  Re p r o d u c t i o n a nd F e r t i l i t y 7 3 : 2 4 1 - 2 5 3 . 

L i nd \ e r , H . R .  a nd K . A .  F e r g u s o n  ( 1 9 5 6 ) . I n f l u e n c e  o f  t h e  
ad r e na l  c o r t e x  o n  wo o l  g r o wt h  a nd i t s r e l a t i o n t o  
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' b r e a k ' a nd ' t e nd e r ne s s ' o f  t h e  f l e e c e . N a t u r e  1 7 7 : 1 8 8 -
1 8 9 . 

L o ga n ,  A .  a n d  B .  We a t h e r h e a d  ( 1 9 8 0 ) . P o s t - t yr o s i na s e  
i n h i b i t i o n o f  me l a n o g e n e s i s  by me l a t o n i n  i n  h a i r  
f o l l i c l e s i n  v i v o . J o u r n a l  o f  I nv e s t i ga t i ve D e r ma t o l o gy 
7 4 : 4 7 - 5 0 . 

L yn c h ,  G . R . , A . L .  E p s t e i n  ( 1 9 7 6 ) . M e l a t o n i n  i nd u c e d  c h a n g e s  
i n  g o na d s , p e l a g e  a nd t h e r mo g e n i c  c h a r a c t e r s  i n  t h e  
wh i t e - f o o t e d  mo u s e  ( P e r o mys c u s  l e uc o p u s ) .  C o mpa r a t i ve 
B i o c h e m i s t r y  a nd P h ys i o l o g y  Ab s t r a c t s  5 3 : 6 7 - 6 8 .  

L y n e , A . G .  ( 1 9 6 4 ) .  E f f e c t  o f  a d ve r s e  n u t r i t i o n o n  t h e  s k i n  
a nd wo o l  f o l l i c l e s  i n  M e r i n o  s h e e p . Aus t r a l i a n  J o u r na l 
o f  Agr i c u l t u r a l R e s e a r c h  1 5 : 7 8 8 - 8 0 1 . 

L yn e , A . G . ,  M .  J o l l y ,  D . E .  H o l l i s ( 1 9 7 0 ) . E f f e c t s  o f  
e xp e r i me n t a l l y p r o d u c e d  l o c a l s u bd e r ma l  t e mp e r a t u r e  
c ha n g e s  o n  s k i n  t e mp e r a t u r e  a nd wo o l  g r o wt h  i n  t h e  
s h e e p . J o u r na l  o f  Agr i c u l t u r a l  S c i e nc e  7 4 : 8 3 - 9 0 .  

M a dd o c k s ,  s . ,  Y .  C h a n d r a s e k ha r ,  B . P .  S e t c h e l l  ( 1 9 8 5 ) . E f f e c t  
o n  wo o l  g r o wt h  o f  t hyr o x i n e r e p l a c e me n t  i n  
t h r o i d e c t o m i z e d  M e r i n o  r a ms . Au s t r a l i a n  J o u r n a l  o f  
B i o l o gy S c i e n c e  3 8 : 4 0 5 - 4 1 0 . 

Ma r g o l e na ,  L . A .  ( 1 9 6 0 ) . S e a s o n  a nd c o mpa r a t i ve a c t i v i t y o f  
wo o l  f o l l i c l e s . An a t o m i c a l  R e c o r d  1 3 8 : 3 6 8 - 3 7 2 . 

Ma r s t o n ,  H . R .  ( 1 9 2 8 ) . T h e  c h e m i ca l  c omp o s i t i o n  o f  wo o l .  
B u l l e t i n  N o . 3 8 . ,  C o u n c i l  o f  S c i e n t i f i c a nd I nd u s t r i a l  
R e s e a r c h  , Au s t r a l i a . 

M a r s t o n ,  H . R .  ( 1 9 4 8 ) .  N u t r i t i o na l f a c t o r s  i n v o l v e d  i n  wo o l  
p r od uc t i o n by M e r i n o s h e e p . I .  T h e  i n f l u e n c e  o f  f od d e r 
i n t a k e  o n  t h e  r a t e o f  w o o l  g r o wt h . Au s t r a l i a n  J o u r na l 
o f  S c i e n t i f i c R e s e a r c h  B 1 : 3 6 3 - 3 7 5 . 

M a r s t o n ,  H . R .  a nd A . W .  P i e r c e ( 1 9 3 2 ) . T h e  e f f e c t s  f o l l o w i n g  
t h yr o i d e c t o my i n  M e r i n o  s he e p .  Au s t r a l i a n  J o u r na l  o f  
E x pe r i me n t a l B i o l o g i c a l a nd M e d i c a l  S c i e n c e  1 0 : 2 0 3 - 2 1 6 . 

Ma r t i n e t ,  L . ,  J . P .  R a va u l t  a nd M .  Me u n i e r  ( 1 9 8 2 ) . S e a s o na l 
v a r i a t i o n s  i n  m i n k  p l a s ma p r o l a c t i n  me a s u r e d  b y  
h e t e r o l o g o u s  r a d i o - i mmu n o a s s a y . Ge n e r a l a n d  C o mpa r a t i ve 
E n d o c r i n o l o gy 4 5 : 7 1 - 7 5 . 

Ma t t h e ws ,  C . D . , A .  l e  C o r n u , D . J .  K e n na wa y  a nd R . F .  S e a ma r k 
( 1 9 7 8 ) . P i n e a l f u n c t i o n i n  p r e g n a n c y . A s t ud y  o f  

me l a t o n i n  r h yt h ms i n  t h e  h uma n a nd t h e  s h e e p . T h e  
e f f e c t s  o f  p i n e a l e c t o my i n  t h e  s h e e p . J o u r na l o f  N e u r a l  
T r a ns m i t i o n ,  S u p p l e me n t  1 3 : 3 7 7 - 3 7 8 . 

M c C l e l l a nd , L . A . , C . M . C l a r k , H . T .  B l a i r , D . D . S . M cK e n z i e  
a nd S . N .  McC u t c h e o n  ( 1 9 8 7 ) . S o me p h ys i o l o g i c a l  c ha ng e s  
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i n  s he e p  s e l e c t e d  f o r  h i g h  ye a r l i n g wo o l  p r o d u c t i o n . 
P r o c e e d i n g s  o f  t h e  4 t h  As i a n - A u s t r a l a s i a n  As s o c i a t i o n 
o f  An i ma l  P r od uc t i o n S o c i e t i e s . p . 3 7 5 .  

M c C l e l l a nd ,  L . A . ,  G . A . W i c k ha m  a n d  H . T .  B l a i r  ( 1 9 8 7 ) . 
E f f i c i e n c y  o f  R o mn e y  h o g g e t s  f r o m a f l e e c e  we i g h t  
s e l e c t e d  f l o c k . P r o c e e d i ng s  o f  t h e  4 t h  As i a n ­
Au s t r a l a s i a n  As s o c i a t i o n o f  An i ma l  P r od u c t i o n 
S o c i e t i e s . p . 3 2 9 . 

M c C l e l l a nd , L . A . ,  H . T .  B l a i r ,  G . A .  W i c k ha m  a nd I . M .  B r o o k e s  
( 1 9 8 6 ) . A c o mpa r i s o n  o f  f l e e c e we i g h t - s e l e c t e d  a nd 
c o n t r o l  R omne y  r a ms f o r i n t a k e ,  l i ve we i g h t  ga i n ,  wo o l  
g r o w t h  a nd f e e d  u t i l i s a t i o n . P r o c e e d i n gs o f  t he N e w  
Z e a l a nd S o c i e t y o f  An i ma l  P r o d u c t i o n 4 6 : 2 1 5 - 2 1 8 . 

M c C o r d ,  C . P .  a nd F . P .  A l l e n  ( 1 9 1 7 ) . E v i d e n c e s  a s s o c i a t i n g 
p i n e a l g l a nd f u nc t i o n w i t h  a l t e r a t i o n s  i n  p i g me n t a t i o n . 
J o u r na l o f  E x pe r i me n t a l Z o o l o g y  2 3 : 2 0 7 - 2 2 4 . 

M c C u t c h e o n ,  S . N . , D . D . S .  Ma c k e n z i e  a n d  H . T .  B l a i r  ( 1 9 8 7 ) . 
N i t r o g e n  me t a b o l i s m  a nd p l a s ma u r e a  c o n c e n t r a t i o n s  i n  
f l e e c e we i g h t - s e l e c t e d  a nd c o n t r o l  R omn e y  r a ms . 
Aus t r a l i a n  J o u r na l  o f  Ag r i c u l t u r a l R e s e a r c h  3 8 : 9 1 7 - 9 2 6 . 

M c D o na l d , B . J .  ( 1 9 8 4 ) .  P h o t o p e r i o d i c  c o n t r o l  o f  f i br e  
p r od uc t i o n i n  t h e  c a s h me r e - b e a r i n g g o a t . P r o c e e d i n g s  
o f  t h e  l O t h  I n t e r na t i o n a l C o n g r e s s  o f  B i o me t e o r o l o g y ,  
T o k yo , 1 9 8 4 .  

M c D o na l d ,  B . J .  ( 1 9 8 5 ) . T h e  c a s hme r e  g r o wt h  cyc l e . 
O c c a s s i o na 1  p a p e r p r e s e n t e d  a t  t h e  1 s t  I n t e r na t i o na l  
Ca s hme r e  S e m i na r , Ca n b e r r a ,  1 9 8 5 .  

Mc Fa r l a n e , J . D .  ( 1 9 6 5 ) . T h e  i n f l u e n c e  o f  s e a s o na l  p a s t u r e  
p r o d uc t i o n a nd g r a z i n g ma n a g e me n t  o n  s e a s o na l  wo o l  
g r o w t h . Aus t r a l i a n  J o u r na l  o f  E x p e r i me n t a l  Ag r i c u l t u r e  
a nd An i ma l  H u s ba n d r y  5 : 2 5 2 - 2 6 1 . 

M c Fa r l a n e , W . V . , C . H . S .  D o l l i n g a nd B .  H o wa r d  ( 1 9 6 6 ) . 
D i s t r i b u t i o n a nd t u r n o v e r o f  wa t e r  i n  Me r i n o s h e e p  
s e l e c t e d  f o r  h i g h  wo o l  p r o d u c t i o n . Au s t r a l i a n  J o u r na l 
o f  Ag r i c u l t u r a l  R e s e a r c h 1 7 : 4 9 1 - 5 0 2 . 

M c G u i r k , B . J . ( 1 9 7 6 ) . R e l e va n c e  f o r p r od uc e r s  o f  r e s e a r c h  
i n t o  t h e  g e n e t i c  i mp r o v e me n t  o f  r e pr od u c t i ve 
p e r f o r ma n c e . P r o c e e d i n g s  o f  t h e  Au s t r a l i a n  S o c i e t y o f  
An i ma l  P r o d u c t i o n 1 1 : 9 3 - 1 0 0 . 

M c G u i r k , B . J . ( 1 9 7 9 ) . S e l e c t i o n f o r  wo o l  pr o d uc t i o n  i n  
M e r i n o s h e e p . I n :  " S e 1 e c t  i o n e x p e r i me n t s  i n  l a b o r a t o r y  
a nd d o me s t i c  a n i ma l s " . Ed . A .  R o b e r t s o n ,  C o mm o n we a l t h  
Agr i c u l t u r a l  B u r e a u x . p p . 1 7 6 - 1 9 7 . 

M c Gu i r k , B . J .  ( 1 9 8 3 ) . G e n e t i c s e l e c t i o n  f o r  wo o l  p r o d u c t i o n . 
I n : "  S h e e p  P r o d u c t i o n " ,  Ed . W .  Ha r e s i g n ,  B u t t e r wo r t h s , 
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L o n d o n . p p . 5 4 5 - 5 6 6 . 

M c Gu i r k , B . J .  a nd K . D .  At k i n s ( 1 9 7 6 ) .  I n :  S h e e p  B r e e d i n g ,  
p r o c e e d i n g s  o f  t h e  1 9 7 6  I n t e r na t i o n a l C o n g r e s s , M u r e s k , 
We s t e r n  Au s t r a l i a ,  Au g u s t ,  1 9 7 6 . p p . 1 0 0 - 1 0 4 . ( We s t e r n  
Au s t r a l i a n  I n s t i t u t e  o f  T e c h n o l o g y ,  P e r t h ,  We s t e r n  
Au s t r a l i a .  ) 

M c Gu i r k , B . J . , J . R .  P a yn t e r , R . B .  D u n  ( 1 9 6 4 ) .  T h e  e f f e c t  o f  
f r e qu e n c y  a nd t i me o f  s h e a r i n g o n  t h e  r e p r o d u c t i o n a n d  
wo o l  g r o w t h  o f  B u n ga r e e  S o u t h  Aus t r a l i a n  Me r i n o  e we s . 
Au s t r a l i a n  J o u r na l o f  E x pe r i me n ta l  Ag r i c u l t u r e  a nd 
An i ma l  H u s ba nd r y  4 : 3 0 5 - 3 1 0 . 

M c Gu i r k , B . J .  a n d  K . D .  At k i n s ( 1 9 7 6 ) .  R e s p o n s e  t o  s e l e c t i o n 
f o r i n c r e a s e d f l e e c e  we i gh t  i n  M e r i n o  s h e e p . I n :  S h e e p  
B r e e d i ng .  P r o c e e d i n g s  o f  t h e  1 9 7 6  I n t e r na t i o n a l 
C o n g r e s s ,  M u r e s k  a n d  P e r t h ,  W . A . , Ed s . T o me s , G . J . ,  
D . E .  R o b e r t s o n  a nd R . J .  L i g h t f o o t  p p . 1 0 0 - 1 0 4 .  

M c Ma n u s , W . R . , G . W . Ar n o l d  a nd M . L . D ud i n s k i ( 1 9 6 6 ) . S t ud i e s  
i n  wo o l  p r o d uc t i o n o f  g r a z i n g s h e e p .  4 .  Va r i a t i o n 
b e t we e n  s h e e p  i n  i n t a k e , wo o l  p r o d u c t i o n a n d  
e f f i c i e n c y . Aus t r a l i a n  J o u r na l o f  E x p e r i me n t a l 
Agr i c u l t u r e  a n d  A n i ma l  H u s ba nd r y . 6 :  9 6 - 1 0 0 . 

M c M i l l a n , W . H .  ( 1 9 8 1 ) . A s t u d y  o f  s o me f a c t o r s  a f f e c t i n g 
r e p r o d u c t i o n i n  o n e - a n d  two - ye a r  o l d e we s . T h e s i s ,  
P h . D . ,  Ma s s e y  U n i ve r s i t y ,  Pa l me r s t o n  N o r t h . 

M c M i l l a n ,  W . H .  a n d  M c D o na l d , M . F .  ( 1 9 8 3 ) . R e p r od u c t i o n i n  
e we l a mbs a nd i t s e f f e c t  o n  t wo - y e a r - o l d pe r f o r ma nc e . 
N e w  Z e a l a nd J o u r na l  o f  Agr i c u l t u r a l  R e s e a r c h . 2 6 : 4 3 7 -
4 4 2 . 

M e ye r , H . H .  a nd F r e n c h , R . L .  ( 1 9 7 9 ) .  H o g g e t l i v e - we i g h t ­
o e s t r us r e l a t i o n s h i p s a mo n g  s h e e p  b r e e d s . P r o c e e d i ng s  
o f  t h e  N e w  Z e a l a nd S o c i e ty o f  An i ma l  P r o d u c t i o n 3 9 : 5 6 -
6 2 . 

M i r a c h i , R . E . , B . E .  H o w l a nd , P . F .  S ca n l o n ,  R . L .  K i r k pa t r i c k 
a n d  L . M . S t a n f o r d  ( 1 9 7 8 ) .  S e a s o n a l va r i a t i o n  i n  p l a s ma 
L H ,  F S H ,  p r o l a c t i n ,  a nd t e s t o s t e r o n e  c o n c e n t r a t i o n s  i n  
ad u l t  ma l e  wh i t e - t a i l e d  d e e r . Ca n a d i a n  J o u r na l  o f  
Z o o l o g y  5 6 : 1 2 1 - 1 2 9 . 

M o h n ,  M . P .  ( 1 9 5 8 ) . T h e  e f f e c t s  o f  d i f f e r e n t h o r mo n a l s t a t e s  
o n  t h e  g r o w t h  o f  ha i r  i n  r a t s . I n :  " T h e  B i o l o gy o f  ha i r  
g r owt h " , Acad e m i c P r e s s , N Y ,  p p  3 3 5 - 3 9 8 . 

M o n t g o me r y ,  G . W . ( 1 9 8 7 ) . S e a s o na 1 i t y o f  o e s t r u s a nd 
o v u l a t i o n r a t e . P r o c e e d i n gs o f  t h e  4 t h  As i a n  
Au s t r a l a s i a n  As s o c i a t i o n o f  An i ma l  P r o c u c t i o n An i ma l  
S c i e n c e  C o n g r e s s , H a m i l t o n ,  N . Z .  p 2 5 2 . 

M o n t g o me r y ,  G . W . a nd H .  Hawk e r  ( 1 9 8 7 ) . S e a s o na l  r e p r od u c t i o n 
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M o o r e , R . W . a nd C . H . S .  D o l l i ng ( 1 9 6 1 ) Ab i l i t y t o  s e l e c t  d i e t  
i n  M e r i n o s h e e p  f e d  i n  p e n s . Au s t r a l i a n  J o ur na l  o f  
E x pe r i me n ta l Agr i c u l t u r e  a nd An n i ma l  Hus ba n d r y  1 : 1 5 - 1 7 . 

M o o r e ,  R . W . , T . W . K n i g h t  a nd D .  Whyma n ( 1 9 7 8 ) . I n f l u e n c e  o f  
h o g g e t o e s t r u s o n  s u bs e q u e n t  e we f e r t i l i t y .  P r o c e e d i n g s  
o f  t h e  N e w  Z e a l a n d  S o c i e t y  o f  An i ma l  P r od u c t i o n ,  3 8 : 9 0 -
9 3 . 

M o o r e ,  R . W .  a nd D . C .  S me a t o n ( 1 9 8 0 ) .  E f f e c t s  o f  d i f f e r e n t  
g r o wt h  pa t h s  f r om 4 t o  1 1  mo n t h s o f  a g e  o n  R o mn e y  
h o g g e t  o e s t r u s a nd s u bs e q u e n t  r e p r o d uc t i o n . P r o c e e d i n g s  
o f  t h e  N e w  Z e a l a nd S o c i e t y o f  An i ma l  P r o d uc t i o n 4 0 : 2 7 -
3 3 . 

M o o r e , R . W . a nd H - U . P .  H o c k e y  ( 1 9 8 2 ) .  T h e  e f f e c t  o f  e a r l y  
n u t r i t i o n a nd h o g g e t o e s t r us o n  s u b s e que n t  
r e pr od u c t i o n .  P r o c e e d i n g s  o f  t h e  N e w  Z e a l a n d  S o c i e t y o f  
An i ma l  P r o d u c t i o n  4 2 : 4 1 - 4 3 . 

M o r l e y ,  F . H . W . ,  L . W . L o c k a r t  a nd E . C .  Da v i s  ( 1 9 5 5 ) . T h e  
va l u e  o f  p r o d uc t i o n f r o m a c l i p p e d  me a s u r e d  a r e a a s  a n  
i nd e x  o f  f l e e c e  we i g h t . Aus t a l i a n  J o u r na l  o f  
Ag r i c u l t u r a l R e s e a r c h  6 : 9 1 - 9 8 . 

M o r r i s ,  L . R .  ( 1 9 6 1 ) . P h o t o p e r i od i c i t y o f  s e a s o na l r hy t h m  o f  
wo o l  g r o wt h  i n  s h e e p .  Na t u r e  1 9 0 : 1 0 2 - 1 0 3 . 

M o r r i s o n ,  D . F .  ( 1 9 7 6 ) . M u l t i va r i a t e  s t a t i s t i ca l  me t h o d s . 2 n d  
Ed i t i o n ,  Mc G r a w- H i l l  I nc .  

M o u l e ,  G . R .  ( 1 9 6 5 ) . F i e l d i nv e s t i ga t i o n s  w i t h  s h e e p : A 
ma n u a l o f  t e c h n i qu e s . C . S . I . R . O .  

M u n r o ,  C . J . ,  K . P .  McNa t t y  a nd L .  R e n s ha w  ( 1 9 8 0 ) . C i r c a ­
a n n ua l r hyt hms o f  p r o l a c t i n  s e c r e t i o n i n  e we s  a nd t h e  
e f f e c t  o f  p i n e a l e c t o my . J o u r na l o f  E n d o c r i n o l o g y  8 4 : 8 3 -
8 7 . 

N a g o r c k a , B . N .  ( 1 9 7 7 ) . T h e  d e s c r i p t i o n a nd a na l ys i s  o f  wo o l  
g r o wt h . Au s t r a l i a n  J o u r na l o f  Ag r i c u l t u r a l R e s e a r c h 
2 8 : 7 3 7 - 7 4 6 . 

N a g o r c k a ,  B .  N .  ( 1 9  7 9 ) .  T h e  e f f e c t  o f  p h o t o p e r i od o n  wo o l  
g r o wt h . I n :  " P hys i o l o g i c a l  a n d  E n v i r o n me n t a l 
L i m i t a t i o n s  t o  Wo o l  G r o wt h " , Ed s . J . L .  B l a c k  a n d P . J .  
R e i s , U . N . E .  P u b l i s h i n g U n i t ,  Ar m i da l e ,  N . S . W .  p p . 

N e t t , T . M .  a nd G . D .  N i s we nd e r  ( 1 9 8 2 ) . I n f l u e n c e  o f  e x o g e n o u s  
me l a t o n i n  o n  s e a s o n a l i t y  o f  r e p r od uc t i o n i n  s h e e p . 
T h e r i o g e n o l o g y  1 7 : 6 4 5 - 6 5 3 . 

N e yma n ,  J .  a nd E . S . P e a r s o n  ( 1 9 2 8 ) . O n  t h e  use a nd 
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i n t e r p r e t a t i o n o f  c e r t a i n  t e s t c r i t e r i a  f o r  p u r p o s e  o f  
s t a t i s t i c a l  i n f e r e n c e . B i ome t r i k a 2 0  A , p p 1 7 5 - 2 4 0 ; 2 6 3 -
2 9 4 .  

N i r ,  I .  ( 1 9 7 8 ) . N o n - r e p r od u c t i ve s ys t e ms a n d  t h e  p i ne a l  
g l a nd . J o u r na l  o f  Ne u r a l T r a n s m i t i o n ,  S u p p l e me n t  
1 3 : 2 2 5 - 2 4 4 . 

N i r , I . ,  R . J .  R e i t e r , R . J .  Wu r t ma n  ( 1 9 7 8 ) . T h e  p i n e a l  g l a nd . 
J o u r na l o f  N e u r a l o g i c a l  T r a n s m i t i o n ,  S u p p l e me n t 
1 3 : 2 4 5 - 2 5 6 . 

N i t t e r , G .  ( 1 9 7 8 ) . B r e e d  u t i l i za t i o n f o r me a t  p r o d u c t i o n i n  
s h e e p . An i ma l  B r e e d i n g Abs t r a c t s  4 6 : 1 3 1 - 1 4 3 .  

N o r r i s s ,  M . H .  a nd C . C .  C l a a s e n s ( 1 9 3 1 ) . C r i mp i n  w o o l  as a 
p e r i o d i c  f u n c t i o n o f  t i me .  J o u r na l  o f  t h e T e x t i l e 
I n s t i t u t e  2 2 : T 2 2 4 - 2 4 0 . 

N o wa k , R .  a nd R o d wa y ,  R . G .  ( 1 9 8 5 ) . E f f e c t  o f  i n t r a va g i na l  
i mp l a n t s  o f  me l a t o n i n  o n  t h e  o n s e t  o f  o va r i a n  a c t i v i t y 
i n  a d u l t  a nd p r e p u b e r t a l e we s . J o u r na l  o f  R e p r o d u c t i o n  
a nd F e r t i l i t y ,  7 4 : 2 8 7 - 2 9 3 . 

O r w i n ,  D . F . G . , J . L .  Wo o d s  a nd K . H .  E l l i o t  ( 1 9 8 0 ) . 
C o mp o s i t i o n o f  t h e  c o r t e x  o f  s o u n d  a nd t e nd e r  wo o l s . 
� r o c e e d i n g s  o f  t h e  6 t h  I n t e r na t i o n a l Wo o l  T e x t i l e 
R e s e a r c h  C o n f e r e nc e , � r e t o r i a . Vo l I I ,  p p . 1 9 3 - 2 0 6 . 

O r w i n ,  D . F . G . , J . L .  Wo o d s  a nd R . G .  G o u r d i e  ( 1 9 8 5 ) . C o r t i ca l  
c e l l  t y p e  a nd wo o l  s t r e ng t h . � r o c e e d i n g s  o f  t h e  7 t h  
I n t e r na t i o n a l Wo o l  T e x t i l e s  R e s e a r c h  C o n f e r e nc e , T o k yo , 
Vo l 1 ,  p p . 1 9 4 - 2 0 3 . 

O r w i n ,  D . F . G . , K . G .  G e e n t y  a nd J . N .  C l a r k e  ( 1 9 8 6 ) . Br e e d i n g 
f o r i mp r o v e d  s t a p l e  s t r e ng t h . W . R . O . N . Z .  � r o c e e d i ng s  o f  
t h e  W o o l  P r o d u c t i o n S e m i na r  5 : 3 4 - 3 8 . 

P a na r e t t o ,  B . A .  ( 1 9 7 9 ) . E f f e c t s  o f  l i g h t  o n  cyc l i c a c t i v i t y 
o f  wo o l  f o l l i c l e s  a n d  p o s s i b l e  r e l a t i o n s h i ps t o  c ha n g e s  
i n  t he p e l a g e  o f  o t he r ma mma l s . I n :  ' P h ys i o l o g i ca l  a nd 
E nv i r o n me n t a l  L i m i ta t i o n s t o  wo o l  g r o wt h ' ,  E d s . J . L .  
B l a c k  a nd P . J .  R e i s ,  U . N . E .  P u b l i s h i n g Un i t ,  Ar m i d a l e ,  
N .  S .  W .  p p . 

P a na r e t t o ,  B . A . , R . E .  Chapma n ,  A . M .  D o wn e s ,  P . J .  R e i s ,  
A . L . C .  Wa l l a c e  ( 1 9 7 5 ) . S o me e f f e c t s  o f  t h r e e  
g l u c o c o r t i c o i d a na l o g u e s o n  wo o l  g r o wt h  a n d  t h e i r  
e f f i ca c y  a s  d e f l e e c i n g a g e n t s  i n  s he e p .  Au s t r a l i a n  
J o u r n a l o f  E x p e r i me n t a l  Ag r i c u l t u r e  a n d  An i ma l  
H u s ba n d r y  1 5 : 1 9 3 - 2 0 2  

Pa na r e t t o ,  B . A . a n d  A . L . C .  Wa l l a c e  ( 1 9 7 8 a ) . T h e  
a d m i n i s t r a t i o n o f  f l u o me t ha s o n e b y  t h r e e  d i f f e r e n t 
r o u t e s , i t s me a s u r e me n t  i n  t h e  p l a s ma a nd s o m e  e f f e c t s  
o n  wo o l  g r o wt h  i n  M e r i n o we t h e r s . Aus t r a l i a n  J o u r na l o f  
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B i o l o g i ca l S c i e n c e  3 1 : 6 0 1 - 6 2 0 . 

P a na r e t t o ,  B . A . a n d  A . L . C .  Wa l l a c e  ( 1 9 7 8 b ) . D e x a me t h a s o n e  
c o n c e n t r a t i o n s  i n  o v i n e p l a s ma d u r i ng i t s i n t r a ve n o u s  
i n f u s i o n ,  i t s r e l a t i o n t o  t h e  p r o d u c t i o n o f  s o me 
e nd o g e n o us h o r mo n e s  a nd s o me o f  t h e e f f e c t s  o n  wo o l  
g r owt h . Aus t r a l i a n  J o u r na l  o f  B i o l o g i c a l  S c i e nc e  
3 1 : 2 4 7 - 2 5 6 . 

P a na r e t t o ,  B . A . and A . L . C . Wa l l a c e  ( 1 9 7 9 ) .  S yn e r g i s t i c  
e f f e c t s  o f  t h i o c yn a t e  w i t h  f l u ome t h a s o n e i n  i n h i b i t i n g 
w o o l  g r o wt h  i n  M e r i n o  we t h e r s . Aus t r a l i a n  J o u r na l  o f  
B i o l o g i c a l S c i e nc e  3 2 : 7 7 - 9 0 . 

P a n g ,  S . F .  a n d  A . E .  A l l e n  ( 1 9 8 6 ) . E x t r a - p i n e a l me l a t o n i n  i n  
t he r e t i na :  I t s  r e g u l a t i o n  a nd p hys i o l o g i ca l f u n c t i o n . 
P i n e a l R e s e a r c h  R e v i e ws 4 : 5 5 - 9 5 .  

P a t t i e ,  W . A .  a nd R .  B a r l o w  ( 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  
we i g h t  i n  Me r i n o  s h e e p . I .  D i r e c t  r e s p o n s e  t o  
s e l e c t i o n .  Au s t r a l i a n  J o u r na l  o f  Ag r i c u l t u r a l R e s e a r c h  
2 5 : 6 4 3 - 6 5 5 . 

P a t t i e ,  W . A .  a nd A . J .  W i l l i a ms ( 1 9 6 7 ) . S e l e c t i o n f o r we a n i n g 
we i g h t  i n  Me r i n o s h e e p . I I I . Ma i n t e na n c e  r e q u i r e me n t s  
a nd t he 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  t o  w o o l  i n  
ma t u r e  e we s . Au s t r a l i a n  J o u r na l  o f  E x p e r i me n t a l 
Ag r i c u l t u r e  a nd a n i ma l  H u s b a n d r y  7 : 1 1 7 - 1 2 5 .  

P e l l e t i e r ,  J .  ( 1 9 7 3 ) . E v i d e n c e  f o r  p h o t o p e r i o d i c c o n t r o l  o f  
p r o l a c t i n  r e l e a s e  i n  r a ms . J o u r na l o f  R e p r o d u c t i o n a nd 
F e r t i l i t y 3 5 : 1 4 3 - 1 4 7 . 

P e l l e t i e r ,  J . , S .  Ca r r e z - Ca mo u s  a nd J . C .  T h i e r y  ( 1 9 8 1 ) . 
Ba s i c  n e u r o e nd o c r i n e e ve n t s b e f o r e  p u be r t y i n  c a t t l e , 
s h e e p  a nd p i gs . J o u r n a l  o f  R e p r od u c t i o n a nd F e r t i l i t y ,  
S u p p l e me n t  3 0 : 9 1 - 1 0 2 . 

P e t e r s ,  R . R .  a nd H . A . T u c k e r  ( 1 9 7 8 ) . P r o l a c t i n  a nd g r o wt h  
h o r mo n e  r e s p o n s e s  t o  p h o t o pe r i od i n  h e i f e r s . 
E n d o c r i n o l ogy 1 0 3 : 3 2 9 - 3 3 6 . 

P e t e r s o n ,  A . J . , L .  B od i n ,  J . F .  S m i t h  a n d  J . N .  C l a r k e  ( 1 9 8 6 ) .  
P hys i o l o gy o f  s he e p  s e l e c t e d  f o r p r o l i f i c a c y . N e w  
Z e a l a nd M i n i s t r y  o f  Ag r i c u l t u r e  a nd F i s h e r i e s ,  R e s e a r c h  
D i v i s i o n An n u a l R e p o r t 8 5 / 8 6 . p 3 2 - 3 3 . 

P e t t e r b o r g ,  L . J .  ( 1 9 8 6 ) . P h o t o p e r i od ,  p i n e a l a nd 
r e p r o d u c t i o n i n  t h e  w h i t e - f o o t e d  mo us e ,  ( P e r o mys c u s  
l e u c o p us ) .  Ad va n c e s i n  P i ne a l R e s e a r c h , Vo l .  1 .  R . J . 
R e i t e r  a nd M .  K a r a s e k ,  e d s . ,  J o h n  L i b b e y  & C o . L td . , 
pp . l 7 9 - 1 8 3 ,  L o n d o n . 

P i pe r , L . R .  a nd B . M .  B i nd o n  ( 1 9 8 2 ) T h e  B o o r o o l a  Me r i n o a n d  
t h e  p e r f o r ma nc e  o f  me d i u m  n o n - P e p p i n  cr o s s e s  a t  
Ar m i d a l e . I n : " Th e  B o o r o o l a M e r i n o " ,  P r o c e e d i n g s  o f  a 
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P i pe r ,  L . R .  a nd C . H . S .  D o l l i ng ( 1 9 6 6 ) . Va r i a t i o n i n  t h e  
s u l p h u r  c o n t e n t  o f  wo o l  o f  M e r i n o s h e e p a s s o c i a t e d  w i t h  
g e ne t i c  d i f f e r e n c e s  i n  wo o l - p r od u c i n g c a p a c i t y .  
Aus t r a l i a n  J o u r na l  o f  B i o l o g i ca l S c i e n c e  1 9 : 1 1 7 9 - 1 1 8 2 . 

P i pe r , L . R .  a nd C . H . S .  D o l l i ng ( 1 9 6 9 ) E f f i c i e ncy o f  
c o n ve r s i o n o f  f o od i n t o  wo o l . V .  C o mpa r i s o n o f  t h e 
a p pa r e n t d i g e s t i ve a b i l i t y  o f  s h e e p  s e l e c t e d  f o r  h i g h  
c l e a n  wo o l  we i gh t  w i t h  t h a t  o f  s h e e p  f r om a r a n d o m  
c o n t r o l  g r o u p . Aus t r a l i a n  J o u r na l  o f  Ag r i c u l t u r a l 
R e s e a r c h  2 0 : 5 7 9 - 5 8 7 . 

P u r v i s ,  I . W .  ( 1 9 8 7 ) . G e n e t i c  i mp r o v e me n t o f  r e p r od uc t i ve 
e f f i c i e n c y  i n  M e r i n o s h e e p  - s e l e c t i o n c r i t e r i a . 
P r o c e e d i n g s  o f  t h e  6 t h  Aus t r a l i a n  As s o c i a t i o n o f  An i ma 
B r e e d i ng a nd G e n e t i c s C o n f e r e n c e , P e r t h ,  WA . ,  F e b  9 - 1 1 . 
p p . 2 4 2 - 2 4 4 . 

Q u i r k e ,  J . F .  ( 1 9 7 8 ) . O n s e t  o f  p u b e r ty a nd o e s t r u s a c t i v i t y 
i n  Ga l wa y ,  F i n n i s h  La nd r a c e  a nd F i n n - c r o s s  e we l a mb s  
d u r i ng t h e i r  f i r s t  br e e d i n g s e a s o n . I r i s h  J o u r na l o f  
Ag r i c u l t u r a l R e s e a r c h  1 7 : 1 5 - 2 3 . 

Q u i r k e , J . F .  ( 1 9 7 9 ) . E f f e c t  o f  b o d y  we i g h t  o n  t h e  a t t a i nme n t  
o f  p u b e r t y a n d  r e p r o d u c t i ve p e r f o r ma n c e  o f  Ga l wa y  a n d  
F i nga l wa y  f e ma l e  l a mbs . An i ma l  P r o d u c t i o n 2 8 : 2 9 7 - 3 0 7 . 

Q u i r k e , J . F .  ( 1 9 8 1 ) . R e g u l a t i o n o f  p u b e r t y a nd r e p r od u c t i o n 
i n  e we l a mb s : A r e v i e w .  L i ve s t o c k  P r od u c t i o n S c i e n c e  
8 : 3 7 - 5 3 . 

Q u i r k e ,  J . F .  a n d  J . P .  Ha n r a h a n  ( 1 9 8 5 ) . B r e e d  d i f f e r e n c e s  i n  
t he b r e e d i n g s e a s o n  i n  s he e p .  I n : "  E n d o c r i ne ca u s e s  o f  
s e a s o na l  a nd l a c t a t i o n a l a n o e s t r u s i n  F a r m  An i ma l s " . 
Eds . F .  E l l e nd o r f f  a nd F .  E l s a e s s e r ,  Ma r t i n u s - N i j h o f f ,  
P u b l i s h e r s . 

Q u i r k e ,  J . F . , G . H .  S t a b e n f e l d t  a nd G . E .  B r a d f o r d  ( 1 9 8 5 ) . 
O n s e t  o f  p u be r t y a nd d u r a t i o n  o f  t h e  b r e e d i ng s e a s o n  i n  
S u f f o l k , R a mb o i l l e t ,  F i n n i s h  L a nd r a c e , D o r s e t  a nd F i n n ­
D o r s e t  e we l a mb s . J o u r na l  o f  An i ma l  S c i e n ce 6 0 : 1 4 6 3  
1 4 7 1 . 

R a e , A . L .  ( 1 9 5 8 ) G e n e t i c  va r i a t i o n a n d  c o va r i a t i o n i n  
pr od u c t i v e c h a r a c t e r s  o f  N e w  Z e a l a nd R o �n e y  Ma r s h  
s h e e p . N e w  Z e a l a nd J o u r na l  o f  Ag r i c u l t u r a l  R e s e a r c h  
1 : 1 0 4 - 1 2 3 . 

R a e , A . L .  ( 1 9 8 2 ) . O b j e c t i v e s  i n  s h e e p  b r e e d i n g .  P r o c . l s t  
Wo r l d C o n g r e s s  o f  S h e e p  a n d  Be e f  Ca t t l e  B r e e d i n g ,  Vo l 
I I : 2 9 - 3 7 . 

R a l p h ,  C . L .  ( 1 9 8 4 ) . P i n e a l b o d i e s  a nd t h e r mo r e g u l a t i o n . I n :  
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" T h e  p i n e a l g l a nd '' . Ed . R . J .  Re i t e r ,  Ra ve n P r e s s , N . Y . ,  
p p . 1 9 3 - 2 2 0 . 

Ra t t r a y ,  P . V .  ( 1 9 7 7 ) .  N u t r i t i o n a nd r e pr o d u c t i ve e f f i c i e n c y . 
C ha p t e r  2 1 ,  I n : "  R e p r o d uc t i o n i n  d o me s t i c  a n i ma l s " . 
E d s . H . H .  C o l e  a nd P . T .  C u p p s , p p . 5 5 7 - 5 7 6 . 

R a v a u l t ,  J . P .  ( 1 9 7 6 ) . P r o l a c t i n  i n  t h e  r a m : s e a s o na l  
va r i a t i o n s  i n  t h e  c o n c e n t r a t i o n o f  b l o od p l a s ma f r om 
b i r t h  u n t i l  3 ye a r s  o l d .  Ac t a  E n d o c r i n o l o g i ca 8 3 : 7 2 0 -
7 2 5 . 

R a va u l t , J . P .  a n d  R .  O r t a v a n t  ( 1 9 7 7 ) . L i g h t  c o n t r o l  o f  
p r o l a c t i n  s e c r e t i o n i n  s h e e p . Ev i d e n c e  f o r  a 
p h o t o i nd u c i b l e  p h a s e  d u r i n g a d i u r n a l  r hyt h m .  A n na l e s  
d e  B i o l o g i e  e t  An i ma l e s  B i o c he m i s t r i e ,  B i o p h ys i q ue . 
1 7 : 4 5 9 - 4 7 1 . 

R a va u l t , J . P . , F .  Ma r t i n a t - B o t t e , R .  Ma u g e t ,  N .  Ma r t i na t ,  A .  
L o c a t e l l i  a nd F .  Ba r i t e a u  ( 1 9 8 2 ) . I n f l u e nc e  o f  t he 
d u r a t i o n o f  d a y l i g h t  o n  p r o l a c t i n  s e c r e t i o n i n  t h e  p i g : 
h o u r l y  r hyt h m  i n  o va r i e c t om i z e d  f e ma l e s ,  mo n t h l y 
va r i a t i o n i n  d ome s t i c  ma l e s  a nd f e ma l e s  a nd w i l d  
s t r a i ns d u r i n g t he ye a r . B i o l o gy o f  R e p r od u c t i o n 
2 7 : 1 0 8 4 - 1 0 9 7 .  

R e e v e , E . C . R .  a n d  F . W .  R o b e r t s o n  ( 1 9 5 3 ) .  Fa c t o r s a f f e c t i n g 
mu l t i p l e  b i r t hs i n  s h e e p . An i ma l  B r e e d i ng Abs t r a c t s , 
2 1 : 2 1 1 - 2 2 4 . 

R e i s ,  P . J .  ( 1 9 6 5 ) . Va r i a t i o n s i n  t h e  s u l p h u r  c o n t e n t  o f  
wo o l . I n :  ' B i o l o g y  o f  t h e s k i n  a nd h a i r  gr o wt h ' .  Ed s . 
A . G .  L y n e  a nd B . F .  S h o r t ,  Angus a nd R o be r t s o n ,  S yd n e y ,  
pp . 3 6 5 - 3 7 6 . 

R e i s ,  P . J .  ( 1 9 6 5 ) . T h e  g r o w t h  a nd c o mp o s i t i o n o f  wo o l . I I I . 
Va r i a t i o n s  i n  s u l p h u r  c o n t e n t  o f  wo o l .  Au s t r a l i a n  
J o u r na l  o f  B i o l o g i ca l  S c i e nc e  1 8 : 6 7 1 - 6 8 7 . 

R e i s ,  P . J .  ( 1 9 6 7 ) . T h e  g r o wt h  a nd c omp o s i t i o n o f  wo o l  I V .  
T h e  d i f f e r e n t i a l  r e s p o n s e  o f  g r o wt h  a nd o f  s u l ph u r  
c o n t e n t  o f  wo o l  t o  t h e  l e ve l o f  s u l ph u r - c o n t a i n i n g 
a m i n o  a c i d s g i ve n  a b o ma s a l l y .  Au s t r a l i a n  J o ur na l  o f  
B i o l o g i c a l  S c i e nc e  2 0 : 8 0 9 - 8 2 5 .  

R e i s ,  P . J .  ( 1 9 6 9 ) . T h e  g r o w t h  a nd c o mp o s i t i o n o f  wo o l  V .  
S t i mu l a t i o n o f  wo o l  g r o wt h  by t he a b o ma s a l 
a d m i n i s t r a t i o n o f  va r y i n g a mo u n t s  o f  ca s e i n . Aus t r a l i a n  
J o u r na l  o f  B i o l o g i ca l  S c i e n c e  2 2 : 7 4 5 - 7 4 9 . 

R e i s ,  P . J .  ( 1 9 7 9 ) . E f f e c t s  o f  a m i n o  a c i d s  o n  t h e  g r o wt h  a nd 
pr o pe r t i e s o f  wo o l .  I n : "  P h ys i o l o g i ca l  and 
E nv i r o nme n t a l L i m i t a t i o n s  t o  Wo o l  Gr o wt h " ,  E d s . J . L .  
B l a c k  a nd P . J .  R e i s ,  U . N . E .  Pu b l i s h i n g U n i t ,  Ar m i d a l e , 
N .  s .  w .  I p p . 2 2 3 - 2  4 2 .  

R e i s ,  P . J .  a n d  P . G .  S c h i n c k e l  ( 1 9 6 l a ) . S ome e f f e c t s  o f  
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s u l p h u r - c o n t a i n i n g am i n o a c i d s  o n  t h e  g r o wt h  a nd 
c omp o s i t i o n o f  w o o l . Aus t r a l i a n  J o u r n a l  o f  B i o l o g i c a l  
S c i e nc e  1 6 : 2 1 8 - 2 3 0 . 

R e i s ,  P . J .  a n d  P . G .  S c h i n c k e l  ( 1 9 6 l b } . N i t r o g e n  u t i l i z a t i o n 
a nd wo o l  p r o d u c t i o n by s h e e p . Aus t r a l i a n  J o u r na l  o f  
Ag r i c u l t u r a l  R e s e a r c h  1 2 : 3 3 5 - 3 5 2 . 

R e i s ,  P . J a n d P . G .  S c h i nc k e l ( 1 9 6 4 ) .  T h e  g r o wt h  a nd 
c omp o s i t i o n o f  wo o l  I I . T h e  e f f e c t  o f  c a s e i n ,  g e l a t i n ,  
a n d  s u l p h u r  c o n t a i n i n g a m i n o  a c i d s  g i v e n p e r a b o ma s u m . 
Au s t r a l i a n  J o u r na l  o f  B i o l o g i ca l  S c i e n c e  1 7 : 5 3 2 - 5 4 7 . 

R e i s , P . J .  a n d D . A .  T u n k s  ( 1 9 6 8 ) . R e p r o d u c a b i l i ty o f  
i nd i v i d u a l d i f f e r e nc e s  i n  t h e  s u l p h u r  c o n t e n t  o f  wo o l  
g r o wn b y  M e r i n o s he e p . P r o c e e d i n g s  o f  t h e  Aus t r a l i a n  
S o c i e t y o f  An i ma l  P r od u c t i o n 7 : 4 0 2 - 4 0 6 . 

R e i s ,  P . J . ,  D . A . T u n k s a nd L . F .  S ha r r y ( 1 9 7 3 } . P l a s ma a m i n o  
a c i d  p a t t e r n s i n  s he e p  r e c i e v i n g a b o ma s a l i n f u s t i o n s  o f  
me t h i o n i n e a nd c ys t i n e . Au s t r a l i a n  J o u r na l  o f  
B i o l o g i ca l  S c i e nc e  2 6 : 6 3 5 - 6 4 4 .  

R e i s ,  P . J .  a n d O . B .  W i l l i a ms ( 1 9 6 5 ) . Va r i a t i o ns i n  t h e 
s u l p h u r  c o n t e nt o f  wo o l  f r om M e r i n o s h e e p  o n  t wo s e m i ­
a r i d  g r a s s  l a nd s . Au s t r a l i a n  J o u r na l  o f  A.:J ric.v.\tura.\ 
K�5�e.a r>c.h 1 6 : 1 0 1 1 - 1 0  2 0 .  

R e k l e ws k a , B .  ( 1 9 7 4 ) . A n o t e  o n  t h e e f f e c t  o f  b o v i n e  
s o ma t o t r o p h i c  h o r mo n e  o n  wo o l  p r o d u c t i o n i n  g r o w i n g  
l a mb s . A n i ma l  P r od u c t i o n 1 9 : 2 5 3 - 2 5 5 . 

R e l k i n ,  R .  ( 1 9 8 3 ) . P i n e a l - h o r mo n e  i n t e r a c t i o ns . I n  ' Th e  
P i n e a l g l a nd ' . E d s . R .  Re l k i n ,  E l s e v i e r  B i o m e d i c a l  N Y ,  
p p . 2 2 5 - 2 4 6 . 

R i c o u r d e a u ,  G . ,  M . R .  B l a n c  a nd L .  B od i n . ( 1 9 8 4 } . T e n e u r s  
p l a s ma t i q u e s  e n  F S H  e t  L H  d e s  a g ne a u x  ma l e s  e t  f e me l l e s 
i s s u s  d e  b e l i e r s  L a c a u n e  p r o l i f i g u e s  e t  n o n ­
p r o l i f i q u e s . G e n e t i g u e , S e l e c t i o n ,  E v o l u t i o n ,  1 6 : 1 9 5 -
2 1 0 . 

R i ve i r e , J . E . , F . R .  E n g e l ha r d t  a n d  J . S o l o m o n ( 1 9 7 7 ) . T h e  
r e l a t i o n s h i p  o f  t h yr o x i n e a nd c o r t i s o l  t o  t h e  mo u l t  o f  
t h e  ha r b o u r  s e a l  ( P h o ca v i t u l i na ) . G e n e r a l  a nd 
C ompa r a t i ve E n d o c r i n o l g y  3 1 : 3 9 8 - 4 0 8 . 

R o ba r d s , G . E .  a n d  K . D .  A t k i n s ( 1 9 7 6 ) E f f i c i e ncy o f  wo o l  
p r o d uc t i o n o f  h o gg e t e we s  f r o m a M e r i n o  f l o c k  s e l e c t e d  
f o r  f e r t i l i t y .  P r o c e e d i n g s  o f  t h e  Aus t r a l i a n  S o c i e t y o f  
An i ma l  P r o d u c t i o n 1 1 : 2 9 - 3 2 . 

R o ba r d s ,  G . E .  a n d  W . A .  Pa t t i e  ( 1 9 6 7 ) S e l e c t i o n f o r  c r i mp 
f r e q ue nc y  i n  wo o l  o f  Me r i n o  s h e e p . I .  D i r e c t  r e s p o n s e 
t o  s e l e c t i o n . Au s t r a l i a n  J o u r n a l  o f  E x pe r i me n t a l 
Ag r i c u l t u r e  a nd An i ma l  H u s ba nd r y  7 : 5 5 2 - 5 5 8 . 
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R o ba r d s , G . E . , C . H .  D a v i s  a nd D . G .  S a v i l l e ( 1 9 7 6 ) S k i n  f o l d s  
a nd Me r i n o  b r e e d i n g . 9 .  E f f i c i e n cy o f  c o n ve r s i o n o f  f o od 
t o  wo o l .  Au s t r a l i a n  J o u r na l  o f  E x pe r i me n t a l Ag r i c u l t u r e  
a nd An i ma l  H u s ba nd r y  1 6 : 3 6 1 - 3 6 6 . 

R o ba r d s , G . E . , A . J .  W i l l i a ms and M . H . R .  H u n t  ( 1 9 7 4 ) . 
S e l e c t i o n f o r c r i mp f r e q u e n c y  i n  t h e  wo o l  o f  M e r i n o 
s h e e p  I I . E f f i c i e n c y  o f  c o n ve r s i o n o f  f o od t o  wo o l .  
Aus t r a l i a n  J o u r na l  o f  E x pe r i me n t a l Agr i c u l t u r e  a nd 
An i ma l  H us b a n d r y  1 4 : 4 4 1 - 4 4 8 . 

R o be r t s , N . F . , J . F . P .  J a me s  a nd V . D .  B u r g ma n n  ( 1 9 6 0 ) . 
T e nd e r ne s s  i n  f l e e c e wo o l . J o u r na l o f  t h e  T e x t i l e 
I ns t i t u t e  5 1 : T 9 3 5 - 9 5 2 . 

R o b i n s o n ,  J . E . , N . L .  Wa yne a nd F . J . K a r s c h  ( 1 9 8 5 ) . 
R e f r a c t o r i n e s s  t o  i n h i b i t o r y  d a y l e ng t h s  i n i t i a t e s  t h e  
b r e e d i ng s e a s o n  o f  t h e  S u f f o l k  e we . B i o l o g y  o f  
R e p r o d u c t i o n 3 2 : 1 0 2 4 - 1 0 3 0 . 

R o d wa y ,  R . G . ; S w i f t ,  A . D . ;  N o wa k , R . ;  S m i t h ,  J . A .  a nd 
P a d w i c k , J . A . ( 1 9 8 5 ) . P l a s ma c o nc e n t r a t i o n s  o f  
me l a t o n i n  a nd t h e  o n s e t  o f  p u b e r t y i n  t h e f e ma l e l a mb . 
An i ma l  R e pr o d u c t i o n S c i e nc e  8 : 2 4 1 - 2 4 6 . 

R o e , R . ,  W . H .  S o u t h c o t t , H . N .  Tu r n e r  ( 1 9 5 9 ) . G r a z i n g 
ma n a g e me n t  o f  n a t i ve pa s t u r e  i n  t h e  N e w  E n g l a nd r e g i o n 
o f  N . S . W . 1 .  P a s t u r e  a nd s he e p  p r o d u c t i o n w i t h  s pe c i a l 
r e f e r e nc e  t o  g r a z i n g a nd i n t e r na l  p a r a s i t e s . A u s t r a l i a n  
J o u r na l  o f  Ag r i c u l t u r a l R e s e a r c h  1 0 : 5 3 0 - 5 5 4 . 

R o l l a g , M . D .  a nd G . D .  N i s we nd e r  ( 1 9 7 6 ) . R a d i o i mmu n o a s s a y  o f  
s e r um c o n c e n t r a t i o n s  o f  me l a t o n i n  i n  s he e p  e x p o s e d  t o  
d i f f e r e nt l i g h t i ng r e g i me s . End o c r i n o l o g y  9 8 : 4 8 2 - 4 8 9 . 

R o s e  J . ,  F .  S t o r ms ha k , J .  O l d f i e l d ,  J .  Ada i r  ( 1 9 8 4 ) . 
I nd u c t i o n o f  w i n t e r f u r  gr o wt h  i n  m i n k  ( Mu s t e l a v i s o n ) 
w i t h  me l a t o n i n . J o u r na l  o f  An i ma l  S c i e nc e  5 8 : 5 7 - 6 1 . 

R o s s , D . A . ( 1 9 6 0 ) . S ta p l e  s t r e ng t h  I .  T h e  me a s u r e me n t  o f  
s ta p l e  s t r e n g t h . N e w  Z e a l a nd J o u r na l o f  Ag r i c u l t u r a  
R e s e a r c h  3 : 5 0 3 - 5 2 5 . 

R o s s , D . A . ( 1 9 6 1 a ) . S t a p l e  s t r e ng t h  I I . S o me f a c t o r s  
a f f e c t i n g t h e me a s u r e me n t  o f  s t a p l e  s t r e n g t h . N e w  
Z e a l a nd J o u r na l  o f  Ag r i c u l t u r a l Re s e a r c h  4 : 5 7 - 7 1 . 

R o s s , D . A .  ( 1 9 6 1 b ) . S t a p l e  s t r e ng t h  I I I . Va r i a t i o n s  t h r o u g h  
t h e  wo o l  s e l l i n g s e a s o n . N e w  Z e a l a n d  J o u r na l o f  
Agr i c u l t u r a l R e s e a r c h  4 : 5 2 3 - 5 3 7 . 

R o s s , D . A . ( 1 9 6 1 c ) . B i o l o g i c a l a s p e c t s  o f  t h e  s u l p h u r  
c o n t e n t  o f  R o mn e y  w o o l . P r o c e e d i n g s  o f  t h e  N e w  Z e a l a n d  
S o c i e t y o f  An i ma l  P r o d uc t i o n 2 1 : 1 5 3 - 1 6 5 .  
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R o s s , D . A .  ( 1 9 6 2 } . F o l l i c l e p r od u c t i v i t y a nd wo o l  p r o d u c t i o n 
i n  R o mn e y  e we s . Au s t r a l i a n  J o u r na l o f  Agr i c u l t u r a l 
R e s e a r c h  1 3 : 9 2 4 - 9 4 2 . 

R o s s , D . A . ( 1 9 6 4 } .  Wo o l  p r o d u c t i o n a nd s u l ph u r  c o n t e n t . N e w  
Z e a l a nd J o u r na l o f  Agr i c u l t u r a l R e s e a r c h  7 : 6 6 3 - 6 6 5 . 

R o s s , D . A .  ( 1 9 6 5 } . W o o l  g r o w t h  o f  t h e  N e w  Z e a l a n d  R omn e y . 
N e w  Z e a l a nd J o u r na l o f  Ag r i c u l t u r a l R e s e a r c h  8 : 5 8 5 - 6 0 1 . 

R o s s , D . A .  ( 1 9 8 2 } .  S t a p l e  s t r e n g t h ,  s t a p l e  l e n g t h , f i b r e  
l e ng t h  a nd p r o c e s s i n g . Wo o l  7 ( 4 } : 1 2 - 1 5 . 

R o s s , D .  A .  ( 1 9  8 4 ) .  Me a s u r e me n t  o f  s t a p l e  s t r e n g t h  i n  N e w  
Z e a l a nd . L i n c o l n  C o l l e ge Wo o l  B u l l .  N o . l .  R e p o r t  o f  a 
s e m i n a r  o n  s t a p l e  s t r e ng t h . E d s . D . A . R o s s  a nd L . F .  
S t o r y ,  p p . 1 5 - 2 8 . 

R o s s , D . A . , R . L .  B r a t t  a nd L . F .  S t o r y  ( 1 9 6 1 ) . T h e  e f f e c t  o f  
s t a p l e  s t r e n g t h  o n  c a r d i ng a nd c o mb i ng .  J o u r na l  o f  t h e  
T e x t i l e I ns t i t u t e  5 1 : T 9 0 7 - 9 2 1 . 

R o s s , D . A . ,  G . A . W i c k ha m  a nd K . H .  E l l i o t ( 1 9 8 2 ) . B r e e d i n g 
o b j e c t i ve s  t o  i mp r o v e  wo o l  u s e d  i n  c a r p e t s . P r o c e e d i n g s  
o f  t he 1 s t  Wo r l d C o ng r e s s  o f  S h e e p  a nd Be e f  Ca t t l e  
B r e e d i n g Vo l 1 : 3 7 - 4 5 . 

R o s s , D . A . a nd H . E .  Me i k l e ( 1 9 8 5 ) . T h e  p r o c e s s i n g 
s i g n i f i c a n c e  o f  va r i a t i o n i n  s t a p l e  s t r e n g t h  w i t h i n  a n d  
b e t we e n  f l e e c e s . P r o c e e d i n g s  o f  t h e  7 t h I n t e r na t i o n a l 
W o o l  Te x t i l e s  R e s e a r c h  C o n f e r e n c e  T o k yo . Vo l I I : 4 5 - 5 4 . 

R o t t e n b u r y ,  R . A . ( 1 9 7 9 ) . S t a p l e  s t r e n g t h  - Ap p r a i s a l  a nd 
me a s u r e me n t . C . S . I . R . O .  D i v i s i o n o f  T e x t i l e P hys i c s . ,  
P r o c e e d i n g s  o f  a s e m i na r  o n  s t a p l e  l e ng t h  a nd s t a p l e  
s t r e ng t h  o f  g r e a s y wo o l . p p 3 9 - 6 1 . 

R o u g e o t ,  J .  ( 1 9 5 7 ) . ( T h e  a c t i o n o f  t h e  s e a s o na l  va r i a t i o n  i n  
d a y l e n g t h  o n  t h e  s h e d d i n g o f  c e r t a i n  f i b r e s  o f  t h e  
f l e e c e  o f  t h e  L i mo u s i n e b r e e d . C .  R .  S o c i e t y o f  B i o l o g y  
1 5 1 : 8 3 4 - 8 3 7 . 

R o u g e o t , J .  ( 1 9 6 1 } . ( C ompa r a t i ve a c t i o n s  o f  t h e  a n n u a l a n d  
s e me s t r i a l  p e r i o d i c  va r i a t i o n s  o f  t h e  d a y l i g h t  o n  t h e  
f o l l i c l e  cyc l e s  o f  t h e  s h o r t  k e mps o f  t h e  f l e e c e  o f  t h e 
L i mo u s i n e e we s  a nd i t s r e l a t i o n s h i p  t o  r e p r o d uc t i ve 
c yc l e s . An n a l e s  d e  B i o l o g i e  d e  An i ma l e s  1 : 3 8 5 - 4 0 2 . 

R o u g e o t ,  J . ,  D . Al l a i n ,  L .  Ma r t i n e t  ( 1 9 8 4 ) . P h o t o pe r i od i c  a nd 
h o r mo n a l c o n t r o l  o f  s e a s o na l c o a t  c h a n g e s  i n  ma mma l s  
w i t h  s p e c i a l r e f e r e n c e  t o  s h e e p  a nd m i n k . Ac t a  
Z o o l o g i c a F e n n i c a 1 7 1 : 1 3 - 1 8 . 

R ud a l l ,  K . M .  ( 1 9 3 3 ) . E f f e c t  o f  s h e a r i n g o n  ha i r i n e s s  i n  t h e  
f l e e c e o f  t h e  R o mn e y  l a mb . N e w  Z e a l a nd J o u r n a l  o f  
Ag r i c u l t u r e  4 7 : 1 - 9 . 
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R us t ,  C . C .  a nd R . K .  M e ye r ( 1 9 6 9 ) . Ha i r  c o l o u r , mo u l t ,  a nd 
t e s t i s  s i z e i n  ma l e ,  s h o r t - t a i l e d  we a s e l s  t r e a t e d  w i t h  
me l a t o n i n .  S c i e nc e  1 6 5 : 9 2 1 - 9 2 2 . 

R u s t ,  C . C . , R . M .  S ha c k e l f o r d  a nd R . K .  M e ye r ( 1 9 6 5 ) . H o r mo na l 
c o n t r o l  o f  p e l a g e  c yc l e s  i n  t h e  m i n k . J o u r na l o f  
Ma mma l o g y  4 6 : 5 4 9 - 5 6 5 . 

R yd e r ,  M . L .  ( 1 9 5 6 ) . O bs e r va t i o ns o n  n u t r i t i o na l a nd s e a s o na l 
c ha ng e s  i n  t h e  f l e e c e o f  s ome Ma s ha m  s he e p . J o u r na l  o f  
Ag r i c u l t u r a l S c i e nc e , Ca mb r i d g e  4 7 : 1 2 9 - 1 4 4 . 

R yd e r , M . L . ( 1 9 5 6 ) . S e a s o n a l a nd n u t r i t i o n a l va r i a t i o n s  i n  
f l e e c e  g r o wt h . W . I . R . A .  B u l l e t i n  1 8 , 2 : 1 - 2 . 

R yd e r , M . L .  ( 1 9 5 7 ) . A s ur ve y  o f  t h e  f o l l i c l e  p o p u l a t i o n i n  a 
r a n ge o f  B r i t i s h  b r e e d s  o f  s h e e p . J o u r na l  o f  
Agr i c u l t u r a l S c i e nc e , Cambr i d g e  4 9 : 2 7 5 - 2 8 2 . 

R yd e r ,  M . L .  ( 1 9 5 8 ) . T h e  mo u l t i ng o f  wo o l  f i b r e s . W . I . R . A .  
B u l l e t i n  2 0 , 4 : 1 3 8 - 1 4 1 . 

R yd e r ,  M . L .  ( 1 9 6 0 ) .  A s t udy o f  t h e  c o a t o f  t h e  mo u f l o n ( O v i s  
mu s i mo n ) w i t h  s p e c i a l  r e f e r e n c e  t o  s e a s o n a l c h a n g e . 
P r o c e e d i n g s  o f  t h e  Z o o l o g i c a l S o c i e t y ,  L o nd o n  1 3 5 : 3 8 7 -
4 9 8 .  

Ryd e r , M . L .  ( 1 9 6 2 ) .  P r e l i m i na r y  o b s e r va t i o n s  o n  s e a s o n a l 
c ha ng e s  i n  t h e f l e e c e s  o f  u n s h o r n  M e r i n o s h e e p . 
P r o c e e d i n g s  o f  t he Aus t r a l i a n  S o c i e t y  o f  An i ma l  
P r od uc t i o n 4 : 4 6 - 4 8 . 

Ryd e r ,  M . L .  ( 1 9 6 9 ) . T h e  d e ve l o pme n t  a n d  s t r u c t u r e  o f ,  a n d  
s e a s o n a l c ha ng e  i n ,  t h e  c oa t  o f  s o me W i l t s h i r e  s h e e p . 
An i ma l  P r od u c t i o n 1 1 : 4 6 7 - 4 7 7 . 

Ryd e r ,  M . L . ( 1 9 7 1 ) . Wo o l  g r o w t h  c yc l e s  i n  S oa y  s h e e p . 
J o u r na l o f  Agr i c u l t u r a l S c i e n c e  7 6 : 1 8 3 - 1 9 4 . 

R yd e r ,  M . L . ( 1 9 7 3 ) . A n o t e  o n  t h e  f a i l u r e  o f  t h yr o x i ne t o  
r e s t o r e  wo o l  g r o wt h  t o  i na c t i ve f o l l i c l e s . A n i ma l  
P r od uc t i o n 1 6 : 3 1 9 - 3 2 1 .  

Ryd e r , M . L . ( 1 9 7 8 ) . Gr o wt h  cyc l e s  i n  t h e  c o a t  o f  r um i n a n t s . 
I n t e r na t i o n a l J o u r na l o f  C h r o n o b i o l o g y  5 : 3 6 9 - 3 9 4 . 

Ryd e r , M . L . ( 1 9 7 9 ) . T h yr o x i n e a n d  wo o l  f o l l i c l e  a c t i v i t y . 
An i ma l  P r o d u c t i o n  2 8 : 1 0 9 - 1 1 4 . 

Ryd e r , M . L .  a nd S . K .  S t e p h e n s o n  ( 1 9 6 8 ) . ' Wo o l  Gr owth ' ,  
Ac a d e m i c  P r e s s , L o n d o n . 

Ryd e r , M . L . a nd G . A .  L i n c o l n  ( 1 9 7 6 ) .  A n o t e  o n  t h e  e f f e c t  o f  
c ha ng e s  i n  d a y 1 e ng t h  o n  t h e  s e a s o n a l wo o l  g r owt h  cyc l e  
i n  S oa y  s h e e p . An i ma l  P r o d u c t i o n 2 3 : 2 5 7 - 2 6 0 . 
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S a c k v i l l e ,  J . P .  a nd J . E .  B o ws t e a d  ( 1 9 3 8 ) .  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 a nd c l i ma t i c  f a c t o r s  o n  w o o l  g r o w t h a nd 
q ua l i t y .  1 .  S t a t e me n t o f  p r o b l e m  a nd e x pe r i me n t a l 
p r o c e d u r e . Ca n a d i a n  J o u r n a l  o f  R e s e a r c h  a n d  D e ve l o pme n t  
1 6 : 1 5 3 - 1 6 5 .  

S a v i l l e ,  D . G .  a n d  G .  E .  R o ba r d s  ( 1 9 7 2 ) . E f f i c i e nc y  o f  
c o nve r s i o n o f  f o od t o  wo o l  i n  s e l e c t e d  a n d  u n s e l e c t e d  
M e r i n o t yp e s . Au s t r a l i a n  J o u r na l o f  Ag r i c u l t u r a l 
R e s e a r c h  2 3 : 1 1 7 - 1 3 0 . 

S c h a n ba c h e r , B . O .  a nd D .  C r o u s e  ( 1 9 8 1 ) . P h o t o pe r i od i c 
r e g u l a t i o n o f  g r o wt h : a p h o t o s e ns i t i ve pha s e  d u r i n g 
l i g h t -da r k  c yc l e . Ame r i c a n  J o u r na l  o f  P hy s i o l o g y  
2 4 l : E l .  

S c h i n c k e l ,  P . G .  ( 1 9 5 6 ) . B o d y - we i g h t - f l e e c e - we i gh t  
r e l a t i o n s h i ps i n  a s t r a i n  o f  Me r i n o  s h e e p . Aus t r a l i a n  
J o u r n a l  o f  Agr i c u l t u r a l  R e s e a r c h 7 : 5 7 - 7 5 . 

S c h i n c k e l ,  P . G .  ( 1 9 6 0 ) . _va r i a t i o n i n  f e e d i n t a k e  a s  a ca u s e  
o f  var i a t i o n i n  wo o l  p r o d u c t i o n o f  g r a z i n g s he e p . 
Au s t r a l i a n  J o u r na l  o f  Ag r i c u l t u r a l R e s e a r c h  1 1 : 5 8 5 - 5 9 4 .  

S ha r k e y ,  M . J . ,  I . F .  D a v i s  a nd P . A .  K e n n y  ( 1 9 6 2 ) .  T h e  e f f e c t  
o f  p r e v i o us a n d c u r r e n t n u t r i t i o n  o n  wo o l  p r o d uc t i o n  i n  
S o u t h e r n  V i c t o r i a . Au s t r a l i a n  J o u r n a l  o f  E x p e r i me n t a l 
Ag r i c u l t u r a l An i ma l  H u s ba nd r y 2 : 1 6 0 - 1 6 9 . 

S h o r t ,  B . F .  ( 1 9 5 8 ) . A d om i n a n t  f e l t i n g l u s t r e  mu t a n t  f l e e c e ­
t yp e  i n  t h e  Aus t r a l i a n  M e r i n o s he e p . Na t u r e ,  L o nd . 
1 8 1 : 1 4 1 4 - 1 4 1 5 . 

S i mps o n ,  S .  ( 1 9 2 4 ) . E f f e c t s  o f  t h yr o i d e c t o my o n  t h e  
c u t a n e o u s  s ys t e m  i n  t h e  s he e p  a nd g oa t . Q ua r t e r l y 
J o u r na l  o f  E x pe r i me n t a l  P h ys i o l o g y  1 4 : 1 8 5 - 1 9 2 .  

S l e e , J .  ( 1 9 6 3 ) .  B i r t h c o a t  s h e d d i ng i n  Wi l t s h i r e  h o r n  l a mb s . 
An i ma l  P r od uc t i o n 5 : 3 0 1 - 3 1 6 . 

S l e e , J .  ( 1 9 6 5 ) . T h e  g e n e t i c s o f  ha i r  g r o wt h . I n :  ' T h e  
C o mp l e t e  p h ys i o l o gy a nd pa t h o l o gy o f  t h e  
s k i n ' , B l a c k we l l  S c i e n t i f i c P u b l i c a t i o ns , O x f o r d . p p . 
1 0 3 - 1 1 8 . 

S l e e ,  J .  ( 1 9 6 5 ) . S e a s o na l pa t t e r n s o f  mo u l t i n g i n  W i l t s h i r e  
h o r n  s h e e p .  I n :  ' B i o l o g y  o f  t h e  s k i n  a nd ha i r  g r o wt h ' ,  
Ed s . A . G .  L y n e a n d  B . F .  S h o r t , An g u s  a n d  R o b e r t s o n ,  
S yd ne y ,  pp . 5 4 3 - 5 6 3 . 

S l e e , J .  a nd H . B .  Ca r t e r  ( 1 9 6 1 ) . A c o mpa r a t i ve s t ud y  o f  
f l e e c e  g r o wt h  i n  Ta s ma n i a n  f i n e Me r i n o a nd W i l t s h i r e  
H o r n  e we s . J o u r na l  o f  Agr i c u l t u r a l  S c i e n c e  5 7 : 1 1 - 1 9 . 

S l e n ,  S . B .  a nd F .  Wh i t i n g ( 1 9 5 6 ) . Wo o l  g r o wt h  i n  ma t u r e  
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r a n g e  e we s  a s  a f f e c t e d by s t a g e  a nd t yp e  o f  p r e g na n c y  
a nd t y p e  o f  r e a r i n g . Ca n a d i a n  J o u r na l o f  An i ma l  S c i e n c e  
3 6 : 8 - 1 3 . 

S l e n ,  S . B . a nd R .  C o n n e l l  ( 1 9 5 8 ) . W o o l  g r o wt h  i n  s h e e p  a s  
a f f e c t e d  b y  t h e  a d m i n i s t r a t i o n  o f  c e r t a i n  s e x  h o rmo n e s .  
Ca n a d i a n  J o u r na l o f  An i ma l  S c i e n c e  3 8 : 3 8 - 4 7 . 

S m i t h ,  J . F . , P . V . R a t t r a y ,  K . T .  J a g u s c h ,  N . R .  C o x  a nd H . R . 
T e r v i t  ( 1 9 7 9 ) . Ovu l a t i o n - l i ve we i g h t  r e l a t i o ns h i p s i n  
e we s . P r o c e e d i ng s  o f  t h e  N e w  Z e a l a nd S o c i e t y o f  An i ma l 
P r od u c t i o n 3 9 : 5 0 - 5 5 . 

S m i t h ,  J . F . , L .  B od i n ,  J . N .  C l a r k e , D . L .  J o h n s o n  a nd L . T .  
Mc G o wa n  ( 1 9 8 7 ) . E f f e c t o f  ge n o t yp e  o n  o vu l a t o r y  
r e s p o n s e  o f  p r e - p u be r ta l  l a mb s t o  P MS G . P r o c e e d i n g s  o f  
t he 4 t h  As i a n  Au s t r a l a s i a n  As s o c i a t i o n o f  An i ma l  
P r od uc t i o n An i ma l  S c i e nc e  C o n g r e s s , H a m i l t o n ,  N . Z .  p .  
2 2 4 . 

S m i t h ,  V . G . , R . R .  H a c k e r  a nd R . G .  B r o wn ( 1 9 7 7 ) . E f f e c t  o f  
a l t e r a t i o n s  i n  a mb i e n t  t e mp e r a t u r e  o n  s e r um p r o l a c t i n  
c o n c e n t r a t i o n i n  s t e e r s . J o u r na l o f  An i ma l  S c i e n c e  
4 4 : 6 4 5 - 6 4 9 . 

S o k a l ,  R . R .  a nd F . J .  R o h l f  ( 1 9 6 9 ) . B i o me t r y . W . H .  F r e e ma n  
a nd C o . S a n  F r a n c i s c o ,  7 7 6  p p . 

S o u t ha n ,  E . R . , C . V . H u l e t  a nd M . P . B o t k i n  ( 1 9 7 1 ) . F a c t o r s  
i n f l ue n c i n g r e p r od u c t i o n i n  e we l a mb s . J o u r na l o f  
An i ma l  S c i e n c e , 3 3 : 1 2 8 2 - 1 2 8 7 . 

S o u t h c o t t ,  W . H .  a nd W . M .  R o ya l ( 1 9 7 1 ) . E f f e c t  o f  i mp l a n t e d  
t e s t o s t e r o n e  p r o p r i o n a t e  o n  t h e  g r o wt h  a nd wo o l  
p r o d uc t i o n o f  M e r i n o we t he r s . Aus t r a l i a n  J o u r na l o f  
Agr i c u l t u r a l R e s e a r c h 2 2 : 2 7 1 - 2 8 2 . 

S q u i r e s , V . R .  ( 1 9 6 4 ) .  F i e l d e va l ua t i o n o f  d ye - ba nd i ng a s  a 
t e c h n i q u e  f o r me a s u r i n g t h e  s e a s o na l  v a r i a t i o n i n  wo o l  
g r o wt h . Au s t r a l i a n  J o u r na l  o f  E x p e r i me n ta l Ag r i c u l t u r e  
a nd An i ma l  H u s ba nd r y  4 : 9 2 - 9 4 . 

S ta p l e t o n ,  D . L . ( 1 9 7 8 ) . M o h a i r  p r o d u c t i o n a nd s e a s o n a l 
v a r i a b i l i t y i n  t h e  f l e e c e  o f  t h e  Au s t r a l i a n  An g o r a  
g o a t . T h e s i s ,  P h . D . , Un i ve r s i t y o f  N . E n g l a nd , Ar m i d a l e , 
N S W . 

S t e e l e ,  R . G . D .  a nd J . H .  T o r r i e  ( 1 9 8 0 ) . P r i n c i p l e s  a nd 
P r o c e d u r e s  o f  s t a t i s t i c s - A b i o me t r i c a l  a p p r o a c h . 
Mc G r a w- H i l l  B o o k  C ompa n y ,  N e w  Y o r k . 

S t e p h e ns o n ,  S . K . ,  D . C .  Da l t o n  a nd A . H .  K i r t o n  ( 1 9 8 0 ) . T h e  
r e l a t i o n s h i p  o f  g r owt h ,  b o d y  s ha p e  a n d  b o d y  c o mp o s i t i o n 
t o  t h e i n i t i a t i o n o f  o e s t r o u s  a c t i v i t y i n  d i f f e r e n t  
s h e e p  b r e e d s . P r o c e e d i n g s  o f  t h e  N e w  Z e a l a nd S o c i e t y  o f  
An i ma l  P r o d u c t i o n 4 0 : 2 5 8 - 2 6 7 . 
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S t e ve n s , P . G .  a nd G . M .  Wr i g h t  ( 1 9 5 1 ) . S o me va r i a t i o ns i n  t he 
f l e e c e  o f  R omn e y  Ma r s h  s t ud e we s . P r o c e e d i n g s  o f  t h e  
N e w  Z e a l a n d  S o c i e t y o f  An i ma l  P r od u c t i o n 1 1 : 1 8 - 2 1 . 

S t e wa r t ,  A . M . , R . J .  M o i r  a nd P . G . S c h i n c k e l  ( 1 9 6 1 ) . S e a s o n a l  
f l u c t ua t i o n s  i n  w o o l  g r o wt h  i n  s o u t h  We s t e r n  Aus t r a l i a . 
Au s t r a l i a n  J o u r na l o f  E x pe r i me n t a l Agr i c u l t u r e  An i ma l  
H u s ba nd r y  1 : 8 5 - 9 1 . 

S t o r y ,  L . F .  a n d  R o s s ,  D . A .  ( 1 9 5 9 ) . E f f e c t o f  s h e a r i ng t i me 
on wo o l  i v . E f f e c t  o n  t he f l e e c e s . N e w  Z e a l a nd J o u r na l 
o f  Ag r i c u l t u r a l R e s e a r c h  2 : 1 0 9 6 - 1 1 0 3 . 

S t o r y ,  L . F .  a nd D . A .  R o s s  ( 1 9 6 0 ) . E f f e c t  o f  s h e a r i ng t i me o n  
wo o l  V I . T h e  r a t e  o f  g r owth o f  wo o l  a n d  i t s r e l a t i o n t o  
t h e  t i me o f  s h e a r i n g .  N e w  Z e a l a nd J o u r na l o f  
Agr i c u l t u r a l R e s e a r c h  3 : 1 1 3 - 1 2 4 . 

S umne r ,  R . M . W . ( 1 9 6 9 ) . A c o mpa r a t i ve s t u d y  o f  t h e  e f f e c t  o f  
t wo s t o c k i ng l e ve l s  o n  wo o l  f o l l i c l e  d e ve l o pme n t a n d  
wo o l  p r o d uc t i o n o f  t h e  N e w  Z e a l a nd R o mn e y  s h e e p . 
T he s i s ,  M . S c . ,  Ma s s e y  U n i ve r s i t y ,  P a l me r s t o n  N o r t h ,  N e w  
Z e a l a n d . 

S u mn e r ,  R . M . W .  ( 1 9 7 7 ) . N u t r i t i o na l f a c t o r s  a f f e c t i ng 
p r o d u c t i o n i n  B o r d e r  L e i c e s t e r  a nd s u p e r - f i n e M e r i n o  
s he e p : w i t h  e mp ha s i s  o n  p r o t e i n  n u t r i t i o n .  T h e s i s ,  
P h . D . , U n i v . N e w  E n g l a nd , Aus t r a l i a .  

S umn e r ,  R . M . W . ( 1 9 7 9 ) .  E f f i c i e ncy o f  wo o l  a nd b od y  g r o wt h  i n  
p e n - f e d  R o mn e y ,  C o o p wo r t h ,  P e r e nd a l e  a nd C o r r i e d a l e  
s h e e p . N e w  Z e a l a nd J o u r na l  o f  Ag r i c u l t u r a l R e s e a r c h 
2 2 : 2 5 1 - 2 5 7 . 

S umn e r ,  R . M . W . ( 1 9 8 3 ) .  E f f e c t  o f  f e e d i n g a n d  s e a s o n  o n  
f l e e c e  c ha r a c t e r i s t i c s o f  C h e v i o t ,  D r ys d a l e  a nd R o mn e y  
h o g g e t wo o l . P r o c e e d i n g s  o f  t h e  N e w  Z e a l a nd S o c i e t y o f  
An i ma l  P r od u c t i o n 4 3 : 7 9 - 8 2 . 

S umn e r ,  R . M . W . ( 1 9 8 4 ) .  E f f e c t s  o f  s he a r i ng o n  f l o c k  
p r o d uc t i v i t y .  I n : "  C o l o u r e d  s h e e p  a nd t h e i r  p r o d u c t s " ,  
P r o c e e d i n g s  o f  t h e  2 nd Wo r l d C o n g r e s s  o n  c o l o u r e d  
s h e e p ,  N . Z .  p p . 2 8 9 - 2 9 . 

S umn e r ,  R . M . W . ( 1 9 8 6 ) . T i me o f  s h e a r i ng a n d  i t s p r o d u c t i o n 
i mp l i ca t i o n s . W . R . O . N . Z  S p e c i a l P u b l i c a t i o n # 5 .  
P r o c e e d i n g s  o f  t h e  W o o l  P r od uc t i o n S e m i na r , 1 9 8 6 ,  
C h r i s t c h u r c h , N . Z .  p p . 2 3 - 3 3 . 

S umne r ,  R . M . W . a nd G . A . W i c k ham ( 1 9 6 9 ) . S o me e f f e c t s  o f  a n  
i n c r e a s e d  s t o c k i n g l e ve l o n  wo o l  g r o wt h . P r o c e e d i n g s  o f  
t h e  N e w  Z e a l a nd S o c i e t y o f  An i ma l  P r o d u c t i o n 2 9 : 2 0 8 -
2 1 7 . 

S umn e r ,  R . M . W . a nd G . A . W i c k ha m  ( 1 9 7 0 ) . A c o mpa r i s o n  o f  w o o l  
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f o l l i c l e  d e ve l o �me n t  o f  N e w  Z e a l a nd R o mne y l a mb s  a t  t wo 
s t o c k i n g r a t e s . N e w  Z e a l a nd J o u r n a l  o f  Ag r i c u l t u r a l 
R e s e a r c h  1 3 : 3 9 5 - 4 0 0 . 

S umn e r ,  R . M . W . ; D u r i n g ,  C .  a nd We b b y , R . W .  ( 1 9 8 1 ) . E f f e c t  o f  
g r a z i ng ma n a g e me n t  o n  h o g g e t f l e e c e  c h a r a c t e r i s t i c s . 
P r o c e e d i n g s  o f  t he N e w  Z e a l a n d  S o c i e t y o f  An i ma l  
P r o d u c t i o n 4 1 : 1 2 8 - 1 3 2 . 

T a ma r k i n ,  L . , W . K .  We s t r om ,  A . L .  H a m i l l  a nd B . D .  G o l dma n 
( 1 9 7 6 ) . E f f e c t  o f  me l a t o n i n  o n  t h e  r e � r o d uc t i ve s ys t e ms 
o f  ma l e  a nd f e ma l e  Syr i a n h a ms t e r s : A d i u r na l  r hy t h m  i n  
s e n s i t i v i t y t o  me l a t o n i n . E nd o c r i n o l o g y  9 9 : 1 5 3 4 - 1 5 4 1 .  

T a ma r k i n ,  L . , c . w . H o l l i s t e r , N . G .  L e f e bv r e a nd B . D .  G o l d ma n  
( 1 9 7 7 ) . Me l a t o n i n  i nd u c t i o n o f  g o na d a l q u i e s c e n c e  i n  
p i n e a l e c t o m i z e d  S yr i a n  h a ms t e r s . S c i e n c e  1 9 8 : 9 5 3 - 9 5 5 . 

T E AM f i na l  r e � o r t  ( 1 9 8 5 ) . R e � o r t  t o  t h e  wo o l  me a s u r e me n t 
r e s e a r c h  a d v i s o r y  c omm i t t e e  o f  t he Au s t r a l i a n  wo o l  
c o r p o r a t i o n . 

T e r g u i ,  M . ,  C .  D e l o u i s  a n d  R .  O r t a va n t  ( 1 9 8 4 ) .  
P h o t o �e r i o d i s m  a nd h o r mo n e s  i n  s h e e �  a nd g o a t s . I n :  
' Ma n i p u l a t i o n o f  gr owt h i n  f a r m  a n i ma l s ' .  Eds . J . F .  

R o c h e , D .  O ' Ca l l a g ha n ,  Ma r t i n u s  N i j h o f f ,  p� . 2 4 6 - 2 5 7 . 

T e r n o u t h ,  J . H .  a nd A . W . Be a t t i e  ( 1 9 7 0 ) . A n o t e  o n  t h e  
v o l u n t a r y  f o o d  c o n s ump t i o n  a nd t h e  s o d i um- � o ta s s i u m 
r a t i o  o f  s h e e p  a f t e r  s h e a r i n g .  An i ma l  P r o d u c t i o n 
1 2 : 3 4 3 - 3 4 6 . 

T h e r i e z ,  C .  a nd J .  R o u g e o t  ( 1 9 6 2 ) . I n f l ue n c e  o f  t h yr o i d 
h o r mo n e s  o n  t h e  g r o wt h  i n  l e ng t h  o f  wo o l  f i b r e s . 
An n a l e s  d e  B i o l o g i e , An i ma l e s ,  B i o c h e m i q u e  2 : 5 - 1 1 . 

T h i mo n i e r , J . ,  J . P .  R a va u l t , R . O r t a va n t  ( 1 9 7 8 ) . P l a s ma 
p r o l a c t i n  va r i a t i o n s  a nd c yc l i c  o v a r i a n  a c t i v i t y i n  
e we s  s u b m i t t e d  t o  d i f f e r e n t  l i g h t  r e g i me s . An n a l e s  d e  
B i o l o g i e ,  An i ma l e s ,  B i o c h e m i q u e , B i o p h ys i q u e  1 8 : 1 2 2 9 . 

T h u n , R . , E .  E g g e nbe r ge r ,  K . Z e r o b i n ,  T . L us c h e r a nd W .  Ve t t e r  
( 1 9 8 1 ) . Twe nt y- f o ur h o u r  s e c r e t o r y  pa t t e r n  o f  c o r t i s o l  
i n  t h e  b u l l :  Ev i d e nc e  o f  e p i s od i c  s e c r e t i o n a nd 
c i r ca d i a n r hy t hm . E n d o c r i n o l o g y  1 0 9 : 2 2 0 8 - 2 2 1 6 . 

T i e r n e y ,  M . L .  ( 1 9 7 6 ) . G e n e t i c  a s p e c t s  o f  p u b e r t y i n  Me r i n o 
e we s . I n : ' S h e e p  b r e e d i ng ' .  P r o c e e d i ng s  o f  t h e  1 9 7 6  
I n t e r na t i o na l  c o ng r e s s , Mu r e s k  a nd P e r t h ,  W . A . , Eds . 
G . J .  T o me s , D . E .  R o b e r t s o n  a nd R . J .  L i g h t f o o t , p p . 3 2 2 -
3 2 9 . 

T uc k e r , H . A . ( 1 9 8 2 ) . S e a s o na l i t y i n  c a t t l e . Th e r i o g e n o l o g y  
1 7 : 5 3 - 7 1 . 

T u r n e r , H . N .  ( 1 9 6 2 ) . B r e e d i n g M e r i n o  s he e p  f o r mu l t i p l e  
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b i r t hs . Wo o l  T e c h n o l o gy a nd S h e e p  B r e e d i n g ,  9 : 1 9 - 2 4 . 

T u r n e r ,  H . N .  ( 1 9 6 8 ) .  T h e  e f f e c t  o f  s e l e c t i o n o n  l a mb i n g 
r a t e s . P r o c e e d i n g s  o f  a S ymp o s i u m o n  t h e  P h ys i o l o gy o f  
R e p r o d u c t i o n i n  S he e p ,  O k l a h o ma S t a t e  U n i ve r s i t y ,  
S t i l l wa t e r ,  O K . ,  J u l y  2 6 - 2 7 , 1 9 6 8 . p p . 6 7 - 9 3 . 

T u r n e r ,  H . N .  ( 1 9 6 9 ) .  G e n e t i c  i mp r o v e me n t  o f  r e p r o d u c t i ve 
r a t e  i n  s h e e p .  An i ma l  B r e e d i n g Ab s t r a c t s  3 7 : 5 4 5 - 5 6 3 . 

T u r n e r , H . N .  ( 1 9 7 2 ) . G e n e t i c  i n t e r a c t i o n s  be t we e n  w o o l ,  m e a t  
a nd m i l k  p r o d uc t i o n i n  s he e p . An i ma l  B r e e d i ng Abs t r a c t s  
4 : 6 2 1 - 6 3 4 . 

T u r n e r ,  H . N . , M . G .  B r o k k e r  a nd C . H . S .  D o l l i n g ( 1 9 7 0 ) . 
R e s p o n s e  t o  s e l e c t i o n i n  Au s t r a l i a n  M e r i n o  s he e p . I I I . 
S i ng l e  c ha r a c t e r  s e l e c t i o n f o r h i g h  a nd l o w va l u e s  o f  
wo o l  we i g h t  a nd i t s c om p o n e n t s . A us t r a l i a n  J o u r na l  o f  
Ag r i c u l t u r a l R e s e a r c h  2 1 : 9 5 5 - 9 8 4 . 

T u r n e r ,  H . N .  C . H . S . D o l l i n g a nd J . F .  K e n n e d y ( 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  Aus t r a l i a n  M e r i n o s he e p . I .  S e l e c t i o n 
f o r  h i g h  c l e a n  w o o l  we i g h t  w i t h  a c e i l i n g o n  f i b r e  
d i a me t e r  a nd d e g r e e  o f  s k i n  wr i n k l e . R e s p o n s e  i n  wo o l  
a nd b o d y  c ha r a c t e r i s t i c s . Au s t r a l i a n  J o u r na l o f  
Agr i c u l t u r a l R e s e a r c h  1 9 : 7 9 - 1 1 2 . 

T u r n e r , H . N .  a nd N .  J a c k s o n  ( 1 9 7 8 ) . R e s p o n s e  t o  s e l e c t i o n i n  
Aus t r a l i a n  M e r i n o s h e e p . VI I I .  F u r t h e r  r e s u l t s  o n  
s e l e c t i o n f o r  h i g h c l e a n  wo o l  we i g h t  w i t h  a t t e n t i o n  t o  
q ua l i t y .  Au s t r a l i a n  J o u r n a l  o f  Ag r i c u l t ur a l R e s e a r c h  
2 9 : 6 1 5 - 6 2 9 . 

U nd e r wo o d , H .  ( 1 9 8 4 ) . T h e  p i n e a l  a n d  c i r c a d i a n r hy t h ms . I n :  
" T h e  p i ne a l g l a nd " ,  Ed . R . J .  Re i t e r ,  Rave n P r e s s , N . Y .  
p p . 2 2 1 - 2 5 1 . 

Ve s e l y ,  J . A .  a n d  S w i e r s t r a , E . E .  ( 1 9 8 6 ) . R e p r o d u c t i ve 
pa r a me t e r s  o f  c r o s s b r e d  e we l a mbs s i r e d  by R o ma n o v ,  
F i n n , D o r s e t  a nd We s t e r n  R a n g e  r a ms . J o u r na l o f  An i ma l  
S c i e nc e  6 2 : 1 5 5 5 - 1 5 6 2 . 

Wa l l a c e , A . L . C .  ( 1 9 7 9 ) . T h e  e f f e c t  o f  h o r mo n e s  o n  wo o l  
g r o w t h . I n : "  P h ys i o l o g i c a l a nd E n v i r o n me n t a l 
L i m i t a t i o n s  t o  W o o l  G r o wt h " ,  E d s . J . L .  B l a c k  a nd P . J .  
R e i s ,  U . N . E .  P u b l i s h i ng U n i t ,  Ar m i d a l e , N . S . W . , pp . 
2 5 7 - 2 6 8 . 

Wa l l a c e , L . R .  ( 1 9 5 8 ) . B r e e d i n g R o mneys f o r be t t e r  l a mb i n g 
p r e c e n t a g e s . N e w  Z e a l a nd J o u r na l o f  Ag r i c u l t u r e  9 7 : 5 4 5 -
5 5 0 . 

Wa l l a c e , L . R .  ( 1 9 6 4 ) . T h e  e f f e c t o f  s e l e c t i o n f o r f e r t i l i t y 
o n  l a mb a nd wo o l  p r o d u c t i o n .  P r o c e e d i n g s  o f  t h e R ua k u r a  
f a r me r ' s  c o n f e r e n c e  p . 2 5 - 2 6 . 
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Wa r d , K . A .  a nd S . E .  K a s ma r i k  ( 1 9 7 9 ) . S t ud i e s  o n  t h e  i n  v i t r o  
me t a b o l i s m  o f  3 H - c o r t i s o l  a nd 3 H - O e s t r ad i a l  by s h e e p  
s k i n  a nd wo o l  r o o t s . Au s t r a l i a n  J o u r na l  o f  B i o l o g i ca l  
S c i e n c e  3 2 : 1 9 7 - 2 0 4 . 

Wa t s o n - Wh i t myr e , M .  a nd M . H .  S t e t s o n  ( 1 9 8 3 ) . S i mu l a t i o n o f  
p e a k  p i n e a l  me l a t o n i n  r e l e a s e  r e s t o r e s  s e n s i t i v i t y t o  
e ve n i ng me l a t o n i n  i n j e c t i o ns i n  p i ne a l e c t o m i z e d 
h a ms t e r s . E nd oc r i n o l o g y  1 1 2 : 7 6 3 - 7 6 5 .  

We s t o n ,  R . H .  ( 1 9 5 9 )  T h e  e f f i c i e nc y  o f  wo o l  pr o d uc t i o n o f  
g r a z i n g Me r i n o  s h e e p . Aus t r a l i a n  J o u r n a l  o f  
Ag r i c u l t u r a l R e s e a r c h  1 0 : 8 6 5 - 8 8 5 . 

W e s t o n ,  R . H .  ( 1 9 7 0 ) . V o l u n t a r y  c o n s u mp t i o n o f  l o w q ua l i ty 
r o u g h a g e  by s h e e p  d u r i n g c o l d e x p o s u r e . Au s t r a l i a n  
J o u r na l  o f  E x p e r i me n t a l Agr i c u l t u r e  An i ma l  H u s ba nd r y  
1 0 : 6 7 9 - 6 8 4 . 

We t t e ma n n ,  R . P .  a nd H . A .  T u c k e r  ( 1 9 7 4 ) . R e l a t i o n s h i p  o f  
a mb i e n t t e mpe r a t u r e  t o  s e r u m p r o l a c t i n  i n  h e i f e r s . 
P r o c e e d i n g s  o f  t he S o c i e t y o f  E x pe r i me n ta l B i o l o gy a n d  
Me d i c i n e 1 4 6 : 9 0 8 . 

W he a t l e y ,  I . S . ,  A . L . C .  Wa l l a c e , J . M .  Ba s s e t t  ( 1 9 6 6 ) .  
M e t a b o l i c e f f e c t s o f  o v i n e g r o wt h  h o r mo n e  i n  s h e e p . 
J o u r na l o f  E n d o c r i n o l o g y  3 5 : 3 4 1 - 3 5 3 . 

W h e e l e r ,  J . L . , T . F .  R e a r d o n  a nd L . J .  L a mb o u r n e ( 1 9 6 3 ) . T h e  
e f f e c t o f  pa s t u r e  a va i l a b i l i t y a nd s h e a r i n g s t r e s s  o n  
h e r ba g e  i n t a k e  o f  g r a z i ng s h e e p . Aus t r a l i a n  J o u r na l o f  
Agr i c u l t u r a l R e s e a r c h  1 4 : 3 6 4 - 3 7 2 . 

Wh e e l e r , J . L . , D . A . H e d g e s  a nd C .  M u l ca hy ( 1 9 7 7 ) . T h e  us e o f  
d y e b a n d i n g f o r me a s u r i n g wo o l  p r o d u c t i o n a nd f l e e c e  t i p 
we a r  i n  r u g g e d  a nd u n r u g g e d  s h e e p . Au s t ra l i a n  J o u r na l  
o f  Agr i c u l t u r a l R e s e a r c h  2 8 : 7 2 1 - 7 3 5 . 

Wh i t e l y ,  K . J .  a nd J a c k s o n ,  N .  ( 1 9 8 2 ) . B r e e d i n g f o r  a p pa r e l 
wo o l . P r o c e e d i ng s  o f  t h e 1 s t  W o r l d  c o n g r e s s  o n  S he e p  
a nd B e e f  Ca t t l e  B r e e d i n g ,  Vo l I : 4 7 - 5 5 . 

W i c k ha m ,  G . A . ( 1 9 6 8 ) . B r e a k  a nd t e nd e r ne s s  i n  wo o l . S h e e p  
Fa r m i n g  An n ua l 6 8 : 7 3 - 7 8 . 

W i c k ha m ,  G . A .  ( 1 9 7 0 ) . Wo o l  g r o w t h  i n  r e l a t i o n t o  s u l ph u r ­
c o n ta i n i n g a m i n o  a c i d  a d m i n i s t r a t i o n t o  s h e e p . 
P r o c e e d i n g s  o f  t h e  N e w  Z e a l a n d  S o c i e t y  o f  An i ma l  
P r od u c t i o n 3 0 : 2 0 9 - 2 1 5 . 

W i c k ha m ,  G . A .  a nd Ma c P h e r s o n ,  A . W .  ( 1 9 8 5 ) . A r e v i e w o f  t h e  
i mp o r t a n c e  o f  wo o l  t r a i t s a s  g e n e t i c  i mp r o v e me n t 
o b j e c t i ve s  a nd s e l e c t i o n c r i t e r i a f o r  N e w  Z e a l a nd 
R o mn e y  s h e e p .  P r o c e e d i n g s  o f  t h e Ne w Z e a l a nd S o c i e t y o f  
An i ma l  P r o d u c t i o n 4 5 : 2 0 3 - 2 0 8 . 
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W i l k s , S . S .  ( 1 9 4 6 ) . S a mp l e  c r i t e r i a  f o r  t e s t i n g e q ua l i ty o f  
me a n s , e q ua l i t y o f  va r i a n c e s ,  a n d  e q ua l i t y o f  
c o va r i a nc e  i n  a n o r ma l  mu l t i va r i a t e  d i s t r i b u t i o n . 
Anna l s  o f  Ma t h . S t a t . 1 7 : 2 5 7 - 2 8 1 . 

W i l l i a ms ,  A . J .  ( 1 9 6 4 ) . T h e  e f f e c t  o f  d a i l y ph o t o pe r i od o n  
wo o l  g r o wt h  o f  M e r i n o  r a ms s u b j e c t e d  t o  u n r e s t r i c t e d  
a nd r e s t r i c t e d  f e e d i n g r e g i me s . Aus t r a l i a n  J o u r na l o f  
E x pe r i me n t a l Ag r i c u l t u r e  a n d  An i ma l  H u s ba b d r y  4 : 1 2 4 -
1 2 8 . 

W i l l i a ms ,  A . J .  ( 1 9 6 6 ) T h e  e f f i c i e n c y  o f  c o nve r s i o n o f  f e e d  
t o  wo o l  d u r i n g l i m i t e d  a nd u n l i m i t e d  f e e d i ng o f  f l o c k s  
s e l e c t e d  o n  c l e a n  f l e e c e we i g h t . Aus t r a l i a n  J o u r na l  o f  
E x pe r i me n t a l Ag r i c u l t u r e  a n d  An i ma l  H u s ba nd r y  6 : 9 0 - 9 5 .  

W i l l i a ms ,  A . J .  ( 1 9 7 3 ) M e t a b o l i s m  o f  Cys t i n e by M e r i n o  s h e e p  
G e n e t i ca l l y D i f f e r e n t i n  Wo o l  P r od u c t i o n . I I I . T h e  
i n c o r p o r a t i o n o f  r a d i o a c t i v i t y i n t o  w o o l  f i b r e s  d u r i n g 
a nd a f t e r  i n t r a ve n o u s i n f u s i o n s  o f  l - [ 3 5 S ]  c ys t i n e a nd 
i t s r e l a t i o n s h i p  t o  w o o l  g r o w t h  a n d  e f f i c i e n c y  o f  
c o n ve r s i o n o f  f o od i n t o  wo o l .  Au s t r a l i a n  J o u r na l o f  
B i o l o g i ca l  S c i e n c e  2 6 : 4 6 5 - 4 7 6 . 

W i l l i a ms ,  A . J . ( 1 9 7 3 )  M e t a b o l i s m  o f  Cys t i n e by M e r i n o s h e e p  
G e n e t i ca l l y D i f f e r e n t i n  Wo o l  P r od uc t i o n .  I V .  Ra t e s  o f  
e n t r y o f  c ys t i ne i n t o  p l a s ma ,  me a s u r e d  w i t h  a s i n g l e  
i n t r a ve n o u s  i n j e c t i o n o f  L - [ 3 5 S ] c ys t i n e ,  a nd t h e  
s ub s e q u e n t  i nc o r p o r a t i o n o f  3 5 S i n t o  wo o l  f i b r e s . 
Aus t r a l i a n  J o u r na l  o f  B i o l o g i c a l S c i e nc e  2 9 : 5 1 3 - 5 2 4 .  

W i l l i a ms ,  A . J . ( 1 9 7 6 ) .  T h e  e f f i c i e n c y  o f  wo o l  p r o d u c t i o n .  
R e p o r t  t o  t h e  Aus t r a l i a n  W o o l  C o r p o r a t i o n . 5 3 p p . 

W i l l i a ms ,  A . J .  ( 1 9 7 9 ) .  S pe c u l a t i o n o n  t h e  b i o l o g i ca l  
me c ha n i s ms r e s p o n s i b l e  f o r g e n e t i c  va r i a t i o n i n  t h e  
r a t e  o f  wo o l  g r o wt h . I n : "  P h ys i o l o g i ca l  a nd 
E nv i r o nme n t a l L i m i ta t i o n s  t o  Wo o l  G r o wt h " , E d s . J . L .  
B l a c k  a nd P . J .  R e i s ,  U . N . E .  P u b l i s h i ng Un i t ,  Ar m i d a l e ,  
N . S . W . ,  p p . 3 3 7 - 3 5 4 . 

W i l l i a ms , A . J . ( 1 9 8 4 ) .  Ea r l y  e v i d e n c e  o f  a d i f f e r e nc e  i n  
wo o l  p r o d u c i n g a b i l i t y .  P r o c e e d i n g s  o f  t h e  Au s t r a l i a n  
S o c i e t y o f  An i ma l  P r o d uc t i o n 1 5 : 7 7 0 . 

W i l l i a ms ,  A . J .  ( 1 9 8 7 ) . P hys i o l o g i ca l  c o n s e q u e n c e s  o f  
s e l e c t i o n f o r  i n c r e a s e d  f l e e c e  we i g h t . !? r o e . o f  t h e  
Aus t r a l i a n  W o o l  B o a r d  c o n f e r e n c e  o n  " T h e  a pp l i ca t i o n o f  
s h e e p  b r e e d i n g a nd g e n e t i c s t o  t h e  s h e e p  a nd wo o l  
e nt e r p r i s e s  i n  Au s t r a l i a " . 

W i l l i a ms , A . J . ,  R . A .  L e n g a nd S . K .  S t e p he n s o n  ( 1 9 7 2 ) 
M e t a b o l i s m  o f  c ys t i n e b y  M e r i n o  s he e p  g e n e t i c a l l y 
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d i f f e r e n t  i n  wo o l  p r o d uc t i o n . I .  C o mpa r i s o n  o f  t h e  
e n t r y  r a t e s  o f  c ys t i n e i n  s h e e p  f r om f l o c k s  s e l e c t i ve l y 
b r e d  f o r  h i g h a nd l o w  f l e e c e we i g h t . Au s t ra l i a n  J o u r n a l 
o f  B i o l o g i c a l  S c i e n c e . 2 5 : 1 2 5 9 - 1 2 6 8 . 

W i l l i a ms , A . J .  a nd H . P .  M i l l e r  ( 1 9 6 5 ) . T h e  v o l u n t a r y  f e e d  
i n t a k e  o f  s h e e p  g e n e t i ca l l y d i f f e r e n t i n  wo o l  
p r o d u c t i o n . Aus t r a l i a n  J o u r na l  o f  E x p e r i me n t a l 
Agr i c u l t u r e  a nd a n i ma l  H u s ba nd r y  5 :  3 8 5 - 3 8 9 . 

W i l l i a ms ,  A . J . ,  G . E .  R o ba r d s  a nd D . G .  S a v i l l e ( 1 9 7 2 ) 
M e t a b o l i s m o f  c ys t i n e b y  M e r i n o s he e p  g e n e t i ca l l y 
d i f f e r e n t  i n  wo o l  p r o d uc t i o n  I I . R e s p o n s e s  i n  wo o l  
g r o wt h  t o  a b o ma s a l i n f u s i o n s  o f  L - cys t i ne o r  D L ­
me t h i o n i n e . Aus t r a l i a n  J o u r na l  o f  B i o l o g i ca l S c i e n c e  
2 5 : 1 2 6 9 - 1 2 7 6 . 

W i l l i ams ,  A . J .  a nd R . J .  W i n s t o n  ( 1 9 6 5 ) . R e l a t i v e  
e f f i c i e n c i e s  o f  c o n ve r s i o n o f  f e e d  t o  wo o l  a t  t h r e e  
l e v e l s  o f  n u t r i t i o n i n  f l o c k s  g e ne t i c a l l y d i f f e r e n t  i n  
wo o l  p r o d u c t i o n . Au s t r a l i a n  J o u r na l o f  E x p e r i me n t a l 
Ag r i c u l t ur e  a nd A n i ma l  H u s ba nd r y  5 : 3 9 0 - 3 9 5 .  

W i l l i a ms , A . J .  a nd R . J .  W i n s t o n  ( 1 9 8 7 ) A s t ud y  o f  t he 
c h a r a c t e r i s t i c s o f  w o o l  f o l l i c l e  a nd f i br e  i n  Me r i n o  
s h e e p g e n e t i c a l l y d i f f e r e n t  i n  wo o l  p r o d u c t i o n .  
Au s t r a l i a n  J o u r na l o f  Agr i c u l t u r a l  R e s e a r c h  3 8 : 7 4 3 - 7 5 6 . 

W i l l i a ms ,  0 . 8  ( 1 9 6 4 ) .  A r e l a t i o ns h i p  be t we e n  f o r a g e  
a va i l a b i l i t y a nd wo o l  g r o wt h  r a t e  f o r h i g h a nd l o w 
p r o d uc i ng s h e e p . P r o c e e d i ng s  o f  t h e  Au s t r a l i a n  S o c i e t y 
o f  An i ma l  P r o d u c t i o n 5 : 2 8 0 - 2 8 3 . 

W i l l i a ms ,  O . B .  a nd P . G .  S c h i n c k e l ( 1 9 6 2 ) . S e a s o na l 
va r i a t i o n s  i n  wo o l  g r o w t h  a nd l i ve we i g h t  i n  s e ve r a l  
e nv i r o nme n t s . P r o c e e d i n g s  o f  t h e  Au s t r a l i a n  S o c i e t y o f  
a n i ma l  P r od uc t i o n 4 : 3 8 - 4 5 . 

W i l l i a ms ,  0 . 8 .  a nd H .  S u i j d e nd o r p  ( 1 9 6 8 ) . Wo o l  g r o w t h  o f  
we t h e r s  g r a z i n g Aca c i a  a ne u r a - T r i od i a pun g e n s  s a va n n a  
a nd e we s  gr a z i ng t r i od i a p u n g e ns h ummo da g r a s s  s t e p p e  
i n  t h e  P i l ba r a  d i s t r i c t . W . A  . .  Au s t r a l i a n  J o u r na l  o f  
E x pe r i me n t a l Ag r i c u l t u r e  a nd An i ma l  H u s ba n d r y  8 : 6 5 3 -
6 6 0 . 

W i l s o n ,  A . D .  a nd N . L .  H i hd l e y  ( 1 9 6 8 ) C o mpa r i s o n  o f  t h e  
v o l u n ta r y  wa t e r  i n t a k e s  o f  s o me Aus t r a l i a n  M e r i n o s . 
F i e l d S t a t i o n R e s e a r c h , D i v i s i o n o f  P l a n t  I nd u s t r y ,  
C S I R O 7 : 2 5 - 3 6 . 

W i l s o n ,  I. F .  ( 1 9 3 1 ) . T h e  i n f l u e n c e  o f  t h e  p l a n e  o f  
n u t r i t i o n  up o n  va r i o u s  f a c t o r s  r e l a t e d  t o  wo o l  g r o wt h . 
Na t i o na l  Wo o l  G r o we r  2 1 : 2 3 - 2 8 . 

W i n k l ma i e r ,  M . A .  ( 1 9 8 3 ) . T h e  s e a s o na l  p r o d u c t i o n o f  mo ha i r  
f r om An g o r a  g oa t s  i n  Ca n t e r b u r y . T he s e s , M . Agr . S c i . ,  
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L i n c o l n  C o l l e ge , Ca n t e r b u r y ,  N . Z .  

Wod z i c k a , M .  ( 1 9 6 0 ) . S e a s o n a l v a r i a t i o n s  i n  wo o l  g r o w t h a n d 
h e a t  t o l e r a nc e  o f  s he e p .  1 .  Wo o l  g r o wt h . Aus t r a l i a n  
J o u r na l  o f  Agr i c u l t u r a l R e s e a r c h  1 1 : 7 5 - 8 4 . 

Wod z i c k a - To ma s z e ws k a ,  H .  ( 1 9 6 3 ) . T h e  e f f e c t  o f  s he a r i ng o n  
t h e  a p pe t i t e o f  s he e p . N e w  Z e a l a nd J o u r na l o f  
Ag r i c u l t u r a l R e s e a r c h  6 : 4 4 0 - 4 4 7 . 

Wod z i c k a - T o ma s z e ws k a ,  M .  ( 1 9 6 6 ) .  E f f i c i e nc y  o f  wo o l  g r o wt h . 
1 .  C o mpa r i s o n  o f  d i f f e r e nc e s  b e t we e n  h i gh - a nd l o w­
p r o d u c i ng s h e e p  u nd e r  r e s t r i c t e d  a nd u nd e r  ad l i b i t u m  
f e e d i ng .  N e w  Z e a l a nd J o u r na l o f  Ag r i c u l t u r a l R e s e a r c h  
9 : 9 0 9 - 9 1 5 . 

Wod z i c k a - T oma s z e ws k a ,  M . , M . L .  B i g h a m  ( 1 9 6 8 ) . The t a t t o o e d  
p a t c h  t e c h n i q ue f o r  me a s u r e me n t  o f  wo o l  g r o wt h . N e w  
Z e a l a nd J o u r na l o f  Ag r i c u l t u r a l  R e s e a r c h  1 1 : 9 4 3 - 9 4 7 . 

W o o d , E .  ( 1 9 8 4 ) . F i b r e  b r e a k a ge i n  c a r d i n g .  L i nc o l n  C o l l e g e  
Wo o l  B u l l e t i n  N o . 1 .  R e p o r t  o f  a s e m i n a r  o n  s t a p l e  
s t r e ng t h  , Aus t r a l i a .  p . p p .  9 5 - 1 0 4 .  

Wo o l a s t o n ,  R . R .  a n d  B u t l e r , L . G .  ( 1 9 8 7 ) . G e n e t i c  i mp r o v e me n t  
o f  r e p r od u c t i ve e f f i c i e nc y  i n  Me r i n o  s h e e p  - e c o n o m i c  
c o n s i d e r a t i o n s . P r o c e e d i n g s  o f  t h e  6 t h  Au s t r a l i a n  
As s o c i a t i o n o f  An i ma l  B r e e d i n g a nd G e n e t i c s C o n f e r e n c e , 
P e r t h ,  WA . ,  F e b  9 - 1 1 . p . 2 4 7 - 2 5 2 . 

Wu r t ma n ,  R . J .  ( 1 9 7 8 ) .  Phys i o l o g i c a l  e f f e c t s  o f  me l a t o n i n .  
J o u r na l  o f  N e u r a l T r a n s m i t i o n ,  S u p p l e me n t  1 3 : 2 0 5 - 2 0 8 . 

Wu r t ma n ,  R . J .  a nd J .  Al e x r o d ( 1 9 6 5 ) . T h e  p i n ea l g l a nd . 
S c i e nt i f i c  Ame r i c a n  2 1 3 : 5 0 - 6 0 . 

Wyn n ,  P . C . ,  A . L . C .  Wa l l a c e  a nd E . F .  An n i s o n  ( 1 9 7 9 ) . E f f e c t s  
o f  g r o w t h  h o r mo n e  o n  w o o l  g r o wt h  a nd n i t r o ge n b a l a n c e  
i n  e we s . P r o c e e d i n gs o f  t h e  N u t r i t i o n S o c i e t y  o f  
Au s t r a l i a 4 : 1 3 3 . 

Y e a t e s , N . T . M .  ( 1 9 5 4 a ) . E nv i r o nme n t a l c o n t r o l  o f  c o a t  
c ha n g e s i n  c a t t l e . Na t u r e  1 7 4 : 6 0 9 - 6 1 0 . 

Y e a t e s , N . T . M .  ( 1 9 5 4 b ) . Da y l i g h t  c h a n g e s . I n  " P r o g r e s s  i n  
t h e  p h ys i o l o g y  o f  f a r m  a n i ma l s " ,  Ed . J .  H a mmo nd , 
B u t t e r wo r t h s . C ha p t e r  8 .  

Ye a t e s , N . T . H .  ( 1 9 5 5 ) . P h o t o pe r i o d i c i t y i n  ca t t l e . l .  
S e a s o na l  c h a n g e s  i n  c o a t  c ha r a c t e r  a nd t h e i r  i mp o r t a n c e  
i n  h e a t  r e g u l a t i o n . Au s t r a l i a n  J o u r na l  o f  Ag r i c u l t u r a l  
R e s e a r c h  6 : 8 9 1 - 9 0 2 . 

Y e a t e s , N . T . M .  ( 1 9 5 7 ) . P h o t o pe r i o d i c i t y i n  ca t t l e . 2 .  T h e  
e q u a t o r i a l  l i gh t  e nv i r o nme n t  a nd i t s e f f e c t  o n  t h e c oa t  
o f  E u r o p e a n  c a t t l e . Aus t r a l i a n  J o u r na l o f  Ag r i c u l t u r a l 
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R e s e a r c h 8 : 7 3 3 - 7 3 9 . 
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Y o u n g , S . S . Y . ,  H . N .  T u r n e r  a nd C . H . S .  D o l l i ng ( 1 9 6 3 ) . 
S e l e c t i o n  f o r  f e r t i l i t y i n  Aus t r a l i a n  M e r i n o s he e p . 
Aus t r a l i a n  J o u r na l  o f  Agr i c u l t u r a l R e s e a r c h  1 4 : 4 6 0 - 4 8 2 . 

Y o u n g , S . S . Y .  a nd H . N .  T u r n e r  ( 1 9 6 5 ) . S e l e c t i o n s c he me s  f o r 
i mp r ov i ng b o t h  r e p r o d u c t i ve r a t e  a nd c l e a n  wo o l  we i g h t  
i n  t h e  Au s t r a l i a n  Me r i n o u nd e r  f i e l d c o n d i t i o n s . 
Aus t r a l i a n  J o u r na l  o f  Agr i c u l t u r a l  R e s e a r c h  1 6 : 8 6 3 - 8 8 0 . 
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