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Abstract:
Survivability and birth weight of range sheep were studied using lamb records of purebred
Rambouillet, Targhee and Columbia sheep born from 1960 to 1982 at the Red Bluff Research Ranch
near Norris, Montana. Least squares method for unequal subclass numbers was used to analyze
survivabilities and birth weight. Heritability of survivabilities and birth weight were estimated based on
paternal half-sib correlation. Year, type of birth, and birth weight generally were the important sources
of variation for survivability. Birth weight was an important source of variation and had a curvilinear
relationship with survivability. Year, type of birth, sex, age of dam and birth date were the important
sources of variation for birth weight. Heritability was low for survivability and moderate for birth
weight. Pooled heritability estimates for survivability at 60 d, 120 d and from 60 d to 120 d were
.14,.12 and .06, respectively. The pooled heritability estimate for birth weight was .29. Moderate
positive genetic correlations were found between birth weight and survivability at 60 d and 120 d, and
low genetic correlation was found between birth weight and survivability from 60 d to 120 d.

Growth characteristics and ewe performance traits of Indonesian sheep were studied using data from
two sources: the Research Institute for Animal Production station and from the villages, all located in
West Java province. Village data were from Javanese thin-tailed sheep (JTT) obtained from Garut
(GAR), Ciburuy (CIB) and Cirebon (CIR), representing high, medium and low elevation areas. Data
from the station represented JTT and fat-tailed (FT). Least squares method for unequal subclass
number was used to analyze those data. Repeatability for ewe performance traits were estimated using
intraclass correlation and heritability of postnatal weights and growth were estimated using paternal
half-sib correlation. Among the three locations GAR had the heaviest sheep, followed by CIB and CIR.
Under experiment station conditions JTT were heavier than FT. Type of birth was the most important
source of variation for growth characters. Growth curves indicated that under experiment station
conditions sheep grew faster than under village conditions. JTT and FT are relatively prolific sheep. At
the villages, GAR had the highest average litter size (1.67) followed by CIB (1.52) and CIR (1.15). At
the experiment station JTT and FT had similar size litters (2.00 and 1.95). However, mortality was
quite high, and high mortality was associated with multiple-born lambs. Lambing intervals both at the
experiment station and villages were similar (259.3d and 252.4d). Repeatability study indicated that
ewe weights were highly repeatable, but livabilities, litter weights, and lambing interval were lowly
repeatable. Heritability of postnatal growth indicated that subsequent weights after birth and
preweaning average daily gain were more highly1 heritable than birth weight. 
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ABSTRACT

S u r v i v a b i l i t y  and b i r t h  w e ig h t  o f  r a n g e  sheep  w e re  s t u d i e d  u s in g  
lam b  r e c o r d s  o f  p u r e b r e d  R a m b o u i l le t ,  Targhee  and C olum bia  sheep  born  
f ro m  I9 6 0  t o  1982 a t  t h e  Red B l u f f  R e s e a r c h  Ranch  n e a r  N o r r i s ,  
M ontana. L e a s t  s q u a r e s  m ethod f o r  u n e q u a l  s u b c l a s s  num bers  was u sed  to  
a n a l y z e  s u r v i v a b i l i t i e s  a n d  b i r t h  w e i g h t .  H e r i t a b i l i t y  o f  
s u r v i v a b i l i t i e s  a n d  b i r t h  w e i g h t  w e r e  e s t i m a t e d  b a s e d  on  p a t e r n a l  
h a l f - s i b  c o r r e l a t i o n .  Year, ty p e  o f  b i r t h ,  and b i r t h  w e ig h t  g e n e r a l l y  
w e r e  t h e  i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n  f o r  s u r v i v a b i l i t y .  B i r t h  
w e i g h t  w as  an  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  a n d  h a d  a  c u r v i l i n e a r  
r e l a t i o n s h i p  w i th  s u r v i v a b i l i t y .  Year, ty p e  o f  b i r t h ,  s e x ,  age  o f  dam 
a n d  b i r t h  d a t e  w e r e  t h e  i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n  f o r  b i r t h  
w e ig h t .  H e r i t a b i l i t y  was low f o r  s u r v i v a b i l i t y  and m o d e ra te  f o r  b i r t h  
w e ig h t .  P oo led  h e r i t a b i l i t y  e s t i m a t e s  f o r  s u r v i v a b i l i t y  a t  60 d, 120 d 
a n d  f r o m  60 d t o  120 d w e r e  . 1 4 , . 1 2  a n d  .0 6 ,  r e s p e c t i v e l y .  The p o o l e d  
h e r i t a b i l i t y  e s t i m a t e  f o r  b i r t h  w e i g h t  w as  .2 9 .  M o d e r a t e  p o s i t i v e  
g e n e t i c  c o r r e l a t i o n s  w ere  found  be tw e en  b i r t h  w e ig h t  and s u r v i v a b i l i t y  
a t  60 d and 120 d, and low g e n e t i c  c o r r e l a t i o n  was found  be tw e en  b i r t h  
w e ig h t  and s u r v i v a b i l i t y  f ro m  60 d t o  120 d.

Growth c h a r a c t e r i s t i c s  and ewe p e r fo rm a n c e  t r a i t s  o f  I n d o n e s ia n  
sheep  w ere  s t u d i e d  u s in g  d a t a  from  two s o u r c e s :  t h e  R e se a rc h  I n s t i t u t e  
f o r  A n im a l  P r o d u c t i o n  s t a t i o n  a n d  f r o m  t h e  v i l l a g e s ,  a l l  l o c a t e d  i n  
W est J a v a  p r o v in c e .  V i l l a g e  d a t a  w ere  f ro m  J a v a n e s e  t h i n - t a i l e d  sheep  
(JT T ) o b t a i n e d  f r o m  G a r u t  (GAR), C ib u r u y  (CIB) a n d  C i r e b o n  (C IR ),  
r e p r e s e n t i n g  h i g h ,  m ed ium  a n d  lo w  e l e v a t i o n  a r e a s .  D a ta  f ro m  t h e  
s t a t i o n  r e p r e s e n t e d  JTT and f a t - t a i l e d  (FT). L e a s t  s q u a r e s  m ethod f o r  
u n e q u a l  s u b c l a s s  number was u se d  t o  a n a ly z e  th o s e  d a ta .  R e p e a t a b i l i t y  
f o r  ewe p e r fo rm a n c e  t r a i t s  w e re  e s t i m a t e d  u s i n g  i n t r a c l a s s  c o r r e l a t i o n  
and h e r i t a b i l i t y  o f  p o s t n a t a l  w e i g h t s  and g ro w th  w ere  e s t i m a t e d  u s in g  
p a t e r n a l  h a l f - s i b  c o r r e l a t i o n .  Among t h e  t h r e e  l o c a t i o n s  GAR had t h e  
h e a v i e s t  s h e e p ,  f o l l o w e d  by CIB a n d  CIR. U nder  e x p e r i m e n t  s t a t i o n  
c o n d i t i o n s  JTT w e r e  h e a v i e r  t h a n  FT. Type o f  b i r t h  w as  t h e  m o s t  
i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  f o r  g r o w t h  c h a r a c t e r s .  G ro w th  c u r v e s  
i n d i c a t e d  t h a t  u n d e r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s  sh e e p  grew f a s t e r  
t h a n  u n d e r  v i l l a g e  c o n d i t i o n s .  JTT a n d  FT a r e  r e l a t i v e l y  p r o l i f i c  
sheep . At th e  v i l l a g e s ,  GAR had t h e  h i g h e s t  a v e ra g e  l i t t e r  s i z e  (1.67) 
f o l l o w e d  by CIB ( 1 .5 2 )  a n d  CIR ( 1 .1 5 ) .  At t h e  e x p e r i m e n t  s t a t i o n  JTT 
an d  FT h a d  s i m i l a r  s i z e  l i t t e r s  (2 .0 0  a n d  1 .9 5 ) .  H o w e v e r ,  m o r t a l i t y  
was q u i t e  h ig h ,  and h ig h  m o r t a l i t y  was a s s o c i a t e d  w i t h  m u l t i p l e - b o r n  
lam b s .  Lambing i n t e r v a l s  bo th  a t  t h e  e x p e r im e n t  s t a t i o n  and v i l l a g e s  
w e r e  s i m i l a r  (2 5 9 .3  d a n d  252 .4  d ) .  R e p e a t a b i l i t y  s t u d y  i n d i c a t e d  
t h a t  ewe w e i g h t s  w e r e  h i g h l y  r e p e a t a b l e ,  b u t  l i v a b i l i t i e s ,  l i t t e r  
w e i g h t s ,  and la m b in g  i n t e r v a l  w ere  lo w ly  r e p e a t a b l e .  H e r i t a b i l i t y  o f  
p o s t n a t a l  g r o w t h  i n d i c a t e d  t h a t  s u b s e q u e n t  w e i g h t s  a f t e r  b i r t h  and  
p re w e a n in g  a v e ra g e  d a i l y  g a in  w ere  m ore  h i g h l y 1 h e r i t a b l e  th a n  b i r t h  
w e ig h t .
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INTRODUCTION

T o ta l  lam b  p r o d u c t io n  by a  f l o c k  o f  sheep  a t  w e a n in g  depends  on 

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

r e a c h i n g  w e a n i n g  a g e .  The l a t t e r  d e p e n d s , on  p r e w e a n i n g  l a m b  

s u r v i v a b i l i t y ,  c o n c e p t io n  r a t e  and l a m b in g  r a t e .  Lamb s u r v i v a b i l i t y  i s  

p a r t i c u l a r l y  i m p o r t a n t  when lam b s  a r e  r a i s e d  unde r  r a n g e  c o n d i t i o n s  

w here  h ig h  m o r t a l i t y  h a s  been  o b se rv e d .  High p re w e a n in g  lam b  m o r t a l i t y  

n o t  o n ly  r e d u c e s  t h e  t o t a l  w e ig h t  o f  lam b  m ea t  and wool p roduced , b u t  

a l s o  r e d u c e s  p o t e n t i a l  g e n e t i c  g a in  by l i m i t i n g  s e l e c t i o n  i n  b re e d in g  

f l o c k s ,  s i n c e  f e w e r  r e p l a c e m e n t  a n i m a l s  a r e  a v a i l a b l e .  I n  a d d i t i o n ,  

ram and management c o s t s  p e r  u n i t  o f  lamb p ro d u ced  a r e  i n c r e a s e d .

S e v e r a l  n o n - g e n e t i c  f a c t o r s  h a v e  b e e n  a s s o c i a t e d  w i t h  l a m b  

m o r t a l i t y .  One i m p o r t a n t  f a c t o r  i s  t h e  e f f e c t  o f  ewe age . The ewe age 

e f f e c t  a p p e a r s  to  be m e d ia te d  th ro u g h  th e  e f f e c t  on lam b  b i r t h  w e ig h t  

a s  w e l l  a s  m o re  h i g h l y  d e v e l o p e d  m o t h e r i n g  i n s t i n c t s  i n  o l d e r  e w e s .  

Tj/\|pe o f  b i r t h  and sex  o f  lam b s  a r e  o t h e r  i m p o r t a n t  f a c t o r s  a s s o c i a t e d  

w i t h  l a m b  s u r v i v a b i l i t y .  Lambs b o r n  i n  l a r g e  l i t t e r s  u s u a l l y  h a v e  

r e l a t i v e l y  low s u r v i v a b i l i t y .  H igher  m o r t a l i t y  i n  m u l t i p l e - b o r n  lam b s  

a l s o  a p p e a r s  t o  be a s s o c i a t e d  w i th  l i g h t  b i r t h  w e ig h ts .  F em ales  te n d  

t o  have  h i g h e r  s u r v i v a l  r a t e s  th a n  m a le s .

The p o s s i b i l i t y  o f  im p ro v in g  lam b  s u r v i v a b i l i t y  by g e n e t i c  means 

i s  a p p a r e n t  s i n c e  b r e e d  d i f f e r e n c e s  i n  l a m b  s u r v i v a l  e x i s t ,  a n d  

o u tb r e d  lam b s  a r e  g e n e r a l l y  more v i a b l e  t h a n  i n b r e d  lam b s .  However, 

e v id e n c e  f o r  th e  e x i s t e n c e  o f  u s e f u l  g e n e t i c  v a r i a n c e  a f f e c t i n g  lam b 

s u r v i v a l  r a t e s  w i t h i n  b r e e d s  i s  l i m i t e d .  P r e s e n t  e v i d e n c e  s u g g e s t s



2

t h a t  h e r i t a b i l i t y  o f  s u r v i v a b i l i t y  i s  lo w .

A b e t t e r  u n d e r s t a n d i n g  o f  t h e  g e n e t i c  a n d  n o n - g e n e t i c  f a c t o r s  

a s s o c i a t e d  w i t h  lam b  s u r v i v a b i l i t y  i s  needed . Q u a n t i t a t i v e  i n f o r m a t i o n  

r e g a r d i n g  t h e s e  f a c t o r s  i s  e s s e n t i a l  to  t h e  d ev e lo p m en t  o f  im proved  

sh e ep  m anagem ent p r o c e d u r e s  f o r  s u r v i v a l  r a t e s .  S u c c e s s f u l  management 

p r o c e d u r e s  t o  i m p r o v e  s u r v i v a l  w i l l  e n h a n c e  p r o d u c t i o n  l e v e l s  an d  

e c o n o m ic  r e t u r n s  f r o m  s h e e p  p r o d u c t i o n  e n t e r p r i c e s .  Q u a n t i t a t i v e  

e s t i m a t e s  o f  t h e  f a c t o r s  a f f e c t i n g  l a m b  s u r v i v a l  u n d e r  r a n g e  

c o n d i t i o n s  i s  an  o b j e c t i v e  o f  t h i s  s tu d y .

S h e e p  i n  I n d o n e s i a  a r e  a n  i m p o r t a n t  s o u r c e  o f  m e a t  p r o d u c t i o n ,  

s e c o n d  o n l y  t o  c h i c k e n s .  They a r e  p a r t i c u l a r l y  i m p o r t a n t  i n  t h e  

v i l l a g e s .  The t o t a l  number o f  sh e ep  i n  t h e  c o u n tr y  a t  p r e s e n t  i s  a b o u t  

21.2 m i l l i o n .  I n  1969-71 th e  number was 3.2 m i l l i o n  (F.A.0.,1982). Thus 

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

Sheep a r e  m o s t ly  c o n c e n t r a t e d  i n  J a v a .  Sheep num bers t h e r e  r e p r e s e n t  

a p p r o x im a te ly  80% o f  t h e  t o t a l  p o p u l a t i o n ,  and o f  th o s e  a lm o s t  50% a r e  

c o n c e n t r a t e d  i n  W est J a v a  ( S a b ra n i  e t  a l . ,  1982).

The m ost  p r e v a l e n t  t y p e s  o f  sh e ep  a r e  J a v a n e s e  t h i n - t a i l e d  (JTT) 

a n d  f a t - t a i l e d  (FT). The JTT a r e  m o s t l y  f o u n d  i n  t h e  h u m id  a r e a s  o f  

W est and C e n t r a l  J a v a ,  w h i l e  FT a r e  r a i s e d  m o s t ly  i n  d r i e r  a r e a s ,  f o r  

exam ple  i n  E a s t  J a v a  and Madura. Sheep o f  b o th  b re e d s  c a r r y  some w ool, 

b u t  t h e  s m a l l  am ount o f  wool on many a n im a l s ,  p r e s e n c e  o f  some n e a r ly  

w o o l l e s s  a n im a l s ,  and t h e  v e ry  h ig h  i n c i d e n c e  o f  kemp f i b e r s  i n  m o s t  

f l e e c e s  s u g g e s t s  m ix e d  w o o l  and  h a i r  s h e e p  a n c e s t r y .  The w o o l  i s  

u s u a l l y  c u t  o f f  and th ro w n  away. These sh e ep  unde r  v i l l a g e  c o n d i t i o n s  

a r e  u s u a l l y  k e p t  i n  s m a l l  h e r d s  by s m a l l  h o l d e r  f a r m e r s .  A t y p i c a l
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f a r m  h a s  a b o u t  H t o  5 h e a d .  S h e e p  p r o d u c t i o n  i s  m o s t l y  a  t r a d i t i o n a l  

s e m i - i n t e n s i v e  sy s te m  o f  back  y a r d  f a r m in g .  The p u r p o s e s  o f  r a i s i n g  

sh e e p  a r e  f o r  m ea t ,  c a s h ,  s a v in g  and p ro d u c in g  m anure , and i n  t h e  c a se  

o f  t h e  G a ru t ,  f o r  f i g h t i n g  ram s  a s  w e l l .

B o th  t y p e s  o f  s h e e p  a r e  r e p o r t e d  c a p a b l e  o f  l a m b i n g  m o re  t h a n  

o n c e  a y e a r ,  w i t h  h i g h  i n c i d e n c e  o f  m u l t i p l e  b i r t h  a n d  h i g h  a v e r a g e  

l i t t e r  s i z e .  P re w e a n in g  m o r t a l i t y  i s  h ig h .  P ro d u c t io n  l e v e l  f o r  body 

w e i g h t  i s  u s u a l l y  lo w  w i t h  h i g h  v a r i a b i l i t y  f r o m  o n e  l o c a t i o n  t o  

a n o th e r .  S a b r a n i  e t  a l .  (1982) r e p o r t e d  t h a t  a d u l t  body w e ig h t  ran g e d  

f r o m  15 t o  28 kg . D e t a i l e d  d a t a  on c h a r a c t e r i z a t i o n  o f  t h e s e  b r e e d s  

a r e  l i m i t e d .  The s e c o n d  o b j e c t i v e  o f  t h i s  s t u d y  w as t h e  a n a l y s e s  o f  

d a t a  to  c h a r a c t e r i z e  p r o d u c t io n  p a r a m e t e r s  u n d e r  e x p e r i m e n t  s t a t i o n  

and v i l l a g e  c o n d i t i o n s  f o r  sheep  i n  I n d o n e s ia .



LITERATURE REVIEW

F a c t o r s  a s s o c i a t e d  w i th  p rew ean in g  s u r v i v a l  r a t e s

P re w e a n in g  lam b  m o r t a l i t y  i s  a  m a jo r  s o u rc e  o f  econom ic  l o s s  and 

l o w e r e d  p r o d u c t i v i t y  i n  t h e  s h e e p  i n d u s t r y .  N o t  o n l y  i s  t h e  t o t a l  

w e i g h t  o f  l a m b  m e a t  a n d  w o o l  r e d u c e d ,  b u t  a l s o  r e d u c e d  s e l e c t i o n  

i n t e n s i t y  r e s u l t s  b e c a u s e  f e w e r  r e p l a c e m e n t  a n i m a l s  a r e  a v a i l a b l e .  

S t u d i e s  i n d i c a t e  t h a t  l a m b  m o r t a l i t y  i s  h i g h  and  v a r i a b l e  b e t w e e n  

b r e e d s  and b e tw e en  f l o c k s  w i t h i n  b re e d  i n  many c o u n t r i e s .

S l e e  (1981) n o te d  t h a t  t y p i c a l  m o r t a l i t y  i n  B r i t i s h  f a r m s  v a r i e d  

f r o m  l e s s  t h a n  5% t o  o v e r  40%, w h i l e  i n  New Z e a l a n d  t h e  a v e r a g e  

m o r t a l i t y  w as s l i g h t l y  l o w e r ,  r a n g i n g  f r o m  5-25% ( f l i g h t  a n d  J u r y ,  

1970b; Meyer and C la rk e  1978). P e r i n a t a l  m o r t a l i t y  i n  A u s t r a l i a  w as. 

r e p o r t e d  f rom  17.7% t o  35% (K h a la f  e t  a l . ,1 9 7 9 b ) .  I n  t h e  U n i te d  S t a t e s  

some w o r k e rs  r e p o r t e d  s i m i l a r  p re w e a n in g  m o r t a l i t y  (V enka tacha lam  e t  

a l . , 1 9 4 9 ;  S m i t h , 1977).

S e v e r a l  w o r k e r s  h a v e  n o t e d  p r e w e a n i n g  la m b  m o r t a l i t y  o c c u r s  

w i t h i n  a  few  d ay s  a f t e r  b i r t h .  V enka tacha lam  e t  a l . ( 1949) w o rk in g  w i th  

C o tsw o ld ,  O xford , H am psh ire ,  Southdown, S h r o p s h i r e  and R a m b o u i l le t  i n  

M ich igan  r e p o r t e d  t h a t  a p p r o x i m a t e ly  71% o f  lam b d e a th s  o c c u re d  w i t h i n  

tw o  w e e k s  a f t e r  b i r t h .  S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  by P u r s e r  an d  

Young (1 9 6 4 )  i n  a  s t u d y  o f  B l a c k f a c e  a n d  W e lsh  M o u n ta i n  s h e e p  i n  t h e  

U n i te d  Kingdom. They o b s e rv e d  70% o f  lam b  d e a th  l o s s e s  o c c u re d  w i t h i n  

14 d a f t e r  b i r t h .  H o v e r s l a n d  e t  a l .  ( 1957) w o r k i n g  w i t h  w h i t e  f a c e  

s h e e p  i n  M o n ta n a  r e p o r t e d  55.1% o f  l a m b  d e a t h  o c c u r e d  w i t h i n  5 d o f  

age . S a f f o r d  and H o v e rs la n d  ( I9 6 0 ) ,  i n  a  s tu d y  b ased  on a u to p s y  d a t a ,
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f o u n d  t h a t  o f  d e a t h s  f ro m  b i r t h  t o  45 d 56% an d  73% o f  l a m b s '  d i e d  

w i t h i n  th e  f i r s t  3 and 5 d o f  l i f e ,  r e s p e c t i v e l y .  The m a jo r  c a u s e s  o f  

d e a th  i n  t h i s  s tu d y  w ere  pneum onia, 16%; s t a r v a t i o n ,  13.8%; no v i s i b l e  

l e s s i o n ,  15.8%; s t i l l b i r t h ,  14.3%; a n d  d y s e n t r y ,  1 1.8%. I n  a d d i t i o n  

d e la y e d  p a r t u r i t i o n ,  p re p a r tu m  d e a th ,  l i v e r  r u p t u r e ,  e n te r o to x a e m ia ,  

h a e m o r rh a g ic  e n t e r i t i s ,  u m b i l i c a l  h ae m o rrh a g e  and n a v e l  i n f e c t i o n  w ere  

c l a s s i f i e d  a s  o t h e r  s i g n i f i c a n t  c a u s e s  o f  d e a th .  W iener e t  a l .  (1983) 

i n  a  s t u d y  on  S c o t t i s h  B l a c k f a c e ,  C h e v i o t  a n d  W e lsh  m o u n t a i n  b r e e d s  

a n d  t h e  c r o s s e s  am ong  t h e s e  b r e e d s  f o u n d  t h a t  a  m a j o r i t y  o f  d e a t h  

b e f o r e  24 h o f  a g e  i n v o l v e d  d y s t o c i a  o r  d e l a y e d  p a r t u r i t i o n ,  w h i l e  

l a t e r  i n  l i f e  i n f e c t i o u s  d i s e a s e  an d  n o n - i n f e c t i o u s  d i s e a s e  b ecam e  

i m p o r t a n t  c a u s e s .

A m a t e r n a l  e f f e c t  on lam b v i a b i l i t y  i s  f u r t h e r  s u b s t a n t i a t e d  by 

ew e a g e  a t  l a m b i n g .  R i g h t  a n d  J u r y  ( 1970b)  i n  a  s t u d y  o f  Romney a n d  

B o rd e r  L e i c e s t e r  and B o rd e r  L e i c e s t e r  x Romney f l o c k s  i n  New Z ea land  

i n d i c a t e d  t h a t  lam b s u r v i v a l  r a t e  i n c r e a s e d  w i t h  i n c r e a s i n g  age  o f  dam 

b o t h  f o r  s i n g l e  and  m u l t i p l e  b o r n  l a m b s .  H o w ev er ,  M cD onald  (1966)  

r e p o r t e d  t h a t  p e r i n a t a l  m o r t a l i t y  r a t e  was h i g h e s t  among t h e  lam bs  o f  

y o u n g  a n d  a g e d  ew e . B i c h a r d  an d  C o o p e r  ( 1966) i n  a  s t u d y  o f  l o w l a n d  

f l o c k s  o f  C lu n  F o r e s t  s h e e p  n o t e d  l a m b  m o r t a l i t y  r a t e s  o f  23.3%, 

1 6 .6% , a n d  12.9% f r o m  I - , 2 - ,  a n d  3 - y r - o l d  a n d  o l d e r  d a m s ,  

r e s p e c t i v e l y .  E a r l i e r ,  P u r s e r  and Young ( 1959) i n  a  s tu d y  o f  two h i l l  

f l o c k s  i n d i c a t e d  t h a t  t h e  m o r t a l i t y  r a t e  o f  lam bs from  ew es a t  f i r s t  

la m b in g  was d o u b le  t h a t  o f  lam b s  from  m a tu re  ewes i n  t h e  same f l o c k s .  

I t  was a l s o  r e p o r t e d  t h a t  lam b m o r t a l i t y  d e c re a s e d  w i t h  age  o f  dam to

14.3% f o r  l a m b s  f r o m  4 -  t o  6 - y r - o l d  W e ls h  e w e s .  They d i s c u s s e d  t h e
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i m p o r t a n t  r e l a t i o n s h i p  o f  p a r i t y  o f  dam o r  age  o f  dam w i t h  r e s p e c t  t o  

l i v a b i l i t y  o f  l a m b s ,  and p o in te d  o u t  t h a t  p a r i t y  had g r e a t e r  e f f e c t s  

on l i v a b i l i t y  t h a n  age  o f  dam. Gunn and R obinson  (1963) w ork ing  w i th  

C h e v io t  and B la c k fa c e  i n  S c o t t i s h  h i l l  f a r m s  a l s o  r e p o r t e d  t h a t  2 - y r -  

o l d  e w e s  h a d  h i g h e r  m o r t a l i t y  i n  b o t h  s i n g l e  an d  t w i n - b o r n  la m b .  

W iener e t  a l .  (1983) fo u n d  h i g h ly  s i g n i f i c a n t  d i f f e r e n c e s  among p a r i t y  

o f  dams, w i th  t h e  f i r s t  p a r i t y  h a v in g  t h e  h i g h e s t  m o r t a l i t y .  T h is  was 

p a r t l y  a c c o u n te d  f o r  by b i r t h  w e ig h t ,  w h ich  was s i g n i f i c a n t l y  lo w e r  

f o r  lam b bo rn  t o  f i r s t  p a r i t y  ewes.

Lax and T u rn e r  (1965) i n  a  s tu d y  o f  M erino  lam b s  i n  tw o d i f f e r e n t  

e n v i r o n m e n ts ,  i n d i c a t e d  t h a t  ewe age  a t  la m b in g  had a g r e a t e r  e f f e c t  

i n  t h e  poor e n v i ro n m e n t  t h a n  i n  t h e  b e t t e r  e n v iro n m e n t .  D ic k e rs o n  e t  

a l . ( 1 9 7 5 )  i n  a  s t u d y  on  F i n n  s h e e p  a n d  d o m e s t i c  c r o s s b r e d ,  h o w e v e r ,  

i n d i c a t e d  t h a t  age  o f  dam e f f e c t  on s u r v i v a l  r a t e s  was l e s s  p ro m in e n t  

a t  b i r t h  t h a n  a t  t h e  a g e s  o f  4 an d  10 wk.

High lam b m o r t a l i t y  i n  lam b s  f rom  young ewes was e x p la in e d  by 

P u r s e r  and Young (1964). They i n d i c a t e d  t h a t  young ewes te n d e d  t o  have  

lam b s  w i t h  lo w e r  b i r t h  w e ig h t ,  m ore s t i l l b i r t h s ,  b u t  o n ly  few l o s s e s  

due to  d i f f i c u l t  lam b in g .  However, McDonald (1966) i n  t h e  a u to p s y  o f  

390 lam bs  r e p o r t e d  t h a t  h ig h  m o r t a l i t y  among lam bs f rom  young and aged 

e w e s  w as  m o s t l y  a s s o c i a t e d  w i t h  h i g h  i n c i d e n c e  o f  l a m b s  d y i n g  f ro m  

d y s t o c i a  and s t a r v a t i o n ,  r e s p e c t i v e l y .  S i m i l a r  r e s u l t s  w e re  r e p o r t e d  

by M c M i l l a n  (1 9 8 3 )  i n  a  s t u d y  on p r i m i p a r o u s  Romney e w e s .  He f o u n d  

t h a t  d y s t o c i a  was t h e  s i n g l e  l a r g e s t  c a u se  o f  d e a th  w i t h i n  3 d a f t e r  

b i r t h  and a c c o u n te d  f o r  a b o u t  13 l a m b s /1 0 0  l a m b s ' bo rn  (mean m o r t a l i t y  

r a t e s  t o  w e a n i n g  w as  a r o u n d  3 0 $ ) .  On t h e  o t h e r  h a n d ,  H ew son an d



7

V e rk a ik  (1981) i n  a  s tu d y  on B la c k fa c e  h i l l  sh e ep  i n d i c a t e d  t h a t  p a in  

a n d  s h o c k  o f  p r o l o n g e d  p a r t u r i t i o n  i n  p r i m i p a r o u s  e w e s  i n h i b i t e d  

m a te r n a l  i n s t i n c t .

M a l i k  a n d  A c h a r y a  ( 1 9 7 2 a )  a n d  G a l a l  e t  a l . (1 9 7 % )  r e p o r t e d  t h a t  

w e ig h t  o f  ew es a t  la m b in g  had  s i g n i f i c a n t  e f f e c t  on s u r v i v a b i l i t y  o f  

lam bs  a s  w e l l .  They n o te d  t h a t  lam b s  w i t h  h e a v ie r  m o th e r s  had b e t t e r  

chance  o f  s u r v i v i n g  th a n  th o s e  w i t h  l i g h t e r  m o th e r s ,  and t h e  e f f e c t  on 

l i v a b i l i t y  was s i g n i f i c a n t  b e tw e e n  b i r t h  t o  120 d o f  age  and be tw e en  

15 t o  90 d o f  a g e .

Ewe lam b s  c o n s i s t e n t l y  s u r v iv e d  b e t t e r  th a n  ram lam b s .  T h is  h a s  

been  r e p o r t e d  by s e v e r a l  w o rk e rs  (e.g . H o v e rs la n d  e t  a l . ,1 9 5 7 ;  Lax and 

T u r n e r , 1965; G a la l  e t  a l. ,197% ). G a la l  e t  a l .  (1974) r e p o r t e d  t h a t  th e  

e f f e c t  o f  s e x  was h i g h ly  s i g n i f i c a n t  a t  7 d o f  age and s i g n i f i c a n t  a t  

60 an d  120 d o f  a g e .  Lax a n d  T u r n e r  (1 9 6 5 )  r e p o r t e d  d i f f e r e n c e s  

be tw e en  s u r v i v a l  r a t e s  o f  f e m a le s  and c a s t r a t e  m a le s  o r  e n t i r e  m a le s  

b a s e d  on  t h e  p r o p o r t i o n  o f  la m b  w e a n e d  t o  la m b  b o r n .  They fo u n d  

d i f f e r e n c e s  o f  3% and 4%, r e s p e c t i v e l y .  O the r  s t u d i e s  show d i f f e r e n c e s  

i n  s u r v i v a b i l i t y  b e tw e en  t h e  s e x e s  ( t a b l e  I ) .

The e f f e c t  o f  s e x  o f  c o - t w i n  was r e p o r t e d  by B u r f e n in g  (1972) i n  

r a n g e  R a m b o u i l l e t ,  T a r g h e e  an d  C o lu m b ia  b r e e d s  i n  M o n ta n a .  He fo u n d  

t h a t  s e x  o f  l a m b ’s  c o - t w i n  s i g n i f i c a n t l y  a f f e c t e d  l a m b  l o s s e s  f ro m  

b i r t h  t o  60 d o f  a g e .  Lamb l o s s e s  w e r e  5.3% h i g h e r  w hen  a  la m b  w as  

b o r n  c o - t w i n  t o  a  m a l e  t h a n  when i t  w as  b o r n  c o - t w i n  t o  a  f e m a l e .  He 

a l s o  r e p o r t e d  t h a t  l a m b  l o s s e s  w e r e  h i g h e r  f ro m  b i r t h  t o  60 d and  

b i r t h  t o  120 d o f  a g e  i n  m a l e s  b o r n  a s  s i n g l e s .  A s i m i l a r  r e l a t i o n  

be tw e en  s e x  and s i n g l e - b o r n  l a m b - l o s s e s  h a s  been r e p o r t e d  by Gunn and
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Robinson  (1963) i n  C h e v io t  and B la c k fa c e  lam b s  i n  S c o t t i s h  h i l l  fa rm s .  

The d i f f e r e n c e s  i n  d e a t h  l o s s e s  b e t w e e n  f e m a l e s  b o r n  a s  s i n g l e s  an d  

m a l e s  b o r n  a s  s i n g l e s  v a r i e d  f ro m  I % t o  8%, a c c o r d i n g  t o  t h e  f a r m .  

They n o te d  t h a t  t h e r e  was a g r e a t e r  f r e q u e n c y  o f  d i f f i c u l t  b i r t h  among 

m a le s .

TABLE I .  SEX EFFECT ON SURVIVABILITY

Author Ewe lam bs Ram lam bs Comments

A tk in s  ( 1980a) 7 8 .8 7 7 .6 V a r io u s  b r e e d s ,  A u s t r a l i a
B ra d fo rd  e t  a l . (1 9 7 % ) 91 .0 82 .0 P r o l i f i c  b r e e d s ,  U.K.
H o v e rs la n d  e t  a l . ( 1957) 
Johnson  e t  a l . (1982)

80.1 7 6 .5 W hite f a c e ,M o n ta n a ,  U.S.A.

S in g le 86 .6 81 .7 V a r io u s  b r e e d s ,  New Z ealand
M u l t i p le 80 .5 7 8 .2

Meyer and C la rk e  (1978) 85 .2 82 .7 V a r io u s  b r e e d s ,  New Z ealand
Sm ith (1977) 6 4 .0 5 9 .7 V a r io u s  b r e e d s ,  N eb raska ,  

U .S .A.
V enkatacha lam  e t  a l .  
(1949)

7 6 .0 6 6 .0 V a r io u s  p u r e b r e d s ,  M ichigan 
U.S.A.

An e f f e c t  o f  b i r t h  w e i g h t  on  l i v a b i l i t y  h a s  b e e n  d o c u m e n te d  by 

s e v e r a l  w o r k e r s ,  a n d  i t  i s  a common o b s e r v a t i o n  t h a t  l a m b s  w i t h  

s m a l l e r  w e i g h t  a t  b i r t h  h ad  s m a l l e r  c h a n c e s  f o r  s u r v i v i n g .  The 

p h y s i o l o g i c a l  b a s i s  f o r  t h i s  h a s  b e e n  r e v i e w e d  by M cC u tch e o n  e t  

a l . ( 1981) who e x p la in e d  t h a t  s m a l l  lam b s  a r e  s u s c e p t i b l e  t o  s t a r v a t i o n  

a n d  e x p o s u r e  p r i m a r i l y  b e c a u s e :  ( I )  h i g h e r  r a t i o  o f  s u r f a c e  a r e a  t o  

vo lum e, hence  r a t e  o f  h e a t  l o s s  p e r  u n i t  body w e ig h t  i n  s m a l l  lam bs i s  

h i g h e r  t h a n  f o r  l a r g e  l a m b s ;  (2 )  s i n c e  t h e  m e t a b o l i s m  p e r  u n i t  body 

w e ig h t  o f  lam bs i s  c o n s t a n t  o v e r  a r a n g e  o f  w e ig h ts ,  s m a l l  lam bs c o o l
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more q u i c k l y  i n  l e s s  s e v e r e  e n v iro n m e n t  th a n  do l a r g e  lam b s ;  (3) low 

l e v e l  o f  body r e s e r v e s  i n  e x tr e m e  c a s e s .  In  a d d i t i o n ,  A le x a n d e r  (1964) 

i n d i c a t e d  t h a t  t h e  i n s u l a t i o n  o f  t h e  c o a t  a l s o  may be lo w , be c au se  t h e  

d e n s i t y  o f  s e c o n d a ry  wool f i b e r s  i s  r e l a t e d  to  b i r t h  w e ig h t .

P h i l l i p s  and Dawson (1937) r e p o r t e d  13.8% and 4.9% lo w e r  s u r v i v a l  

f o r  m ale  and f e m a le  la m b s ,  r e s p e c t i v e l y ,  i n  th e  lo w e r  h a l f  com pared to  

u p p e r  h a l f  o f  th e  b i r t h  w e ig h t  d i s t r i b u t i o n .  H o v e rs la n d  e t  a l .  (1957) 

r e p o r t e d  t h a t  l a m b  m o r t a l i t y  r a p i d l y  d e c r e a s e d  a s  b i r t h  w e i g h t  

i n c r e a s e d  up t o  3.6 kg, r e a c h e d  a  maximum a t  5.4 kg, and i n c r e a s e d ,  i n  

th e  c a s e  o f  m a le  la m b s ,  when b i r t h  w e ig h t  was g r e a t e r  t h a n  5.4 kg. On 

t h e  o t h e r  hand, M cM illan  (1983) i n  a s tu d y  on Romney f l o c k s ,  r e p o r t e d  

a n  o p t im u m  r a n g e  o f  3 .3  t o  4.1 kg  o f  b i r t h  w e i g h t  t h a t  g a v e  m inim um  

d e a t h  l o s s e s .  P u r s e r  a n d  Young (1 9 6 4 )  i n d i c a t e d  t h e  m in im um  d e a t h  

l o s s e s  was a c h ie v e d  s l i g h t l y  above th e  mean. However, S h e l to n  ( 1964) 

r e p o r t e d  t h a t  m in im um  d e a t h  l o s s  w as  a t t a i n e d  s l i g h t l y  b e lo w  t h e  

maximum b i r t h  w e i g h t .  From t h o s e  l a s t  tw o  s t u d i e s ,  i t  s h o u l d  be 

p o i n t e d  o u t  t h a t  t h e  l a t e r  s t u d y  w as  b a s e d  on  t h e  f a l l  b o r n  l a m b s ,  

w i t h  t y p i c a l l y  low b i r t h  w e ig h t .  A b s o lu te  b i r t h  w e ig h t  may n o t  be a s  

i m p o r t a n t  a s  b i r t h  w e ig h t  e x p re s s e d  a s  a  p e r c e n t  o f  dam’s  w e ig h t .

When d e a t h  l o s s  w a s  r e g r e s s e d  on  b i r t h  w e i g h t ,  S h e l t o n  (1 9 6 4 a )  

o b t a i n e d  a r e d u c t i o n  o f  6.1% i n  m o r t a l i t y  f o r  each  .454 kg i n c r e a s e  i n  

b i r t h  w e ig h t .  G a la l  e t  a l . (1 9 7 4 )  r e p o r t e d  an  im p ro v em en t  o f  8%, 9% and 

11% o f  l a m b  l i v a b i l i t y  p e r  kg  b i r t h  w e i g h t  i n c r e a s e  a t  a g e  o f  7 ,  6 0 ,  

a n d  120 d ,  r e s p e c t i v e l y .  A t k i n s  ( 1 9 8 0 a )  f o u n d  a n  i n c r e a s e  i n  b i r t h  

w e i g h t  o f  1.2 kg  f r o m  t h e  o v e r a l l  m ean  t o  t h e  o p t i m a l  b i r t h  w e i g h t .  

W ie n e r  e t  a l . (  1983) i n  a  r e c e n t  s t u d y  f o u n d  a n  i n c r e a s e  o f  11.6%
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s u r v i v a l  r a t e s  a s  b i r t h  w e ig h t  i n c r e a s e d  I kg.

C o m p a r i s o n s  b e t w e e n  s i n g l e - b o r n  l a m b  and t w i n - b o r n  lam b s  have 

been  r e p o r t e d  by s e v e r a l  w o r k e r s ,  who h a v e  i n d i c a t e d  t h a t  tw in - b o r n  

l a m b s  s u f f e r  h i g h e r  m o r t a l i t y  t h a n  do s i n g l e s .  V e n k a t a c h a l a m  e t  

a l / 1 9 4 9 )  fo u n d  an  a v e ra g e  m o r t a l i t y  o f  35% f o r  t w i n s  a s  com pared to  

20% f o r  s i n g l e s .  S m i t h  (1 9 7 7 )  f o u n d  d i f f e r e n c e s  i n  v i a b i l i t y  o f  

m u l t i p l e - b o r n  an d  s i n g l e - b o r n  l a m b s  o f  4 .2 ,  6 .9 ,  7 .7 ,  a n d  2.5% a t  a g e  

o f  dam 2 ,  3 ,  4 ,  an d  5 y r ,  r e s p e c t i v e l y .  H o w e v e r ,  J o h n s o n  e t  a l . ( 1 9 8 2 )  

found  t h a t  m u l t i p l e - b o r n  lam b s  had 5% lo w e r  s u r v i v a l  t h a n  s i n g l e - b o r n  

la m b s ,  w i th  t h i s  e f f e c t  a c c o u n t in g  f o r  a  f u r t h e r  2.5% o f  v a r i a t i o n  i n  

s u r v i v a l .  M cM illan  (1983) i n  a  r e c e n t  s tu d y  i n d i c a t e d  t h e  m o r t a l i t y  o f  

t w i n - b o r n  l a m b  w as  39.2% a s  c o m p a r e d  t o  33% f o r  s i n g l e - b o r n  l a m b s .  

H o w e v e r ,  P h i l l i p s  a n d  D aw son (1 9 3 7 )  f o u n d  no d i f f e r e n c e s  i n  m ean 

m o r t a l i t y  b e tw e e n  s i n g l e -  and t w i n - b o r n  la m b s ,  i n s p i t e  o f  18% lo w e r  

b i r t h  w e ig h t  f o r  tw in s .

P u r s e r  a n d  Young (1 9 6 4 )  a n d  M c M i l l a n  (1983 )  p o i n t e d  o u t  t h a t  

s i n g l e - b o r n  lam b  m o r t a l i t y  was due m ore to  d y s t o c i a  b e c a u s e  o f  h ig h  

b i r t h  w e ig h t ,  w h i l e  t w i n - b o r n  lam b  m o r t a l i t y  was c a u se d  by s t a r v a t i o n  

b e c a u s e  o f  lo w  b i r t h  w e i g h t .  H i g h t  a n d  J u r y  (1 9 7 0 b )  i n  a n  a u t o p s y  o f  

60% o f  t h e  d e a d  l a m b s  f r o m  t h e i r  s t u d y  r e p o r t e d  t h a t  44.6% o f  s i n g l e  

l a m b s  d i e d  o f  d y s t o c i a  a n d  15.1% f r o m  p h y s i o l o g i c a l  s t a r v a t i o n .  

However, o f  t h e  m u l t i p l e - b o r n  lam b s  a u t o p s i e d ,  16% d i e d  f ro m  d y s t o c i a  

a n d  41.7% f r o m  s t a r v a t i o n .  Of t h e  r e m a i n i n g  d e a t h s ,  11.6% w e r e  

a c c o u n te d  f o r  by i n f e c t i o n  and 10.3% by p r e n a t a l  d e a th .

E f f e c t s  o f  h i g h  m u l t i p l e  b i r t h  on  s u r v i v a b i l i t y  i s  n o t  a s  w e l l  

known, e x c e p t  t h a t  l a r g e  l i t t e r  s i z e  i s  a s s o c i a t e d  w i t h  h ig h  m o r t a l i t y



11

b e c a u s e  o f  lo w  b i r t h  w e i g h t .  B r a d f o r d  e t  a l . (  1974) i n  a  study- 

i n v o l v i n g  F i n n i s h  L a n d rac e ,  Oxford  Down, B o rd e r  L e i c e s t e r ,  Southdown, 

T a s m a n ia n  M e r in o  a n d  W e lsh  M o u n ta i n  s h e e p  r e p o r t e d  t h a t  m o r t a l i t y  

i n c r e a s e d  i n  b o th  s e x e s  when l i t t e r  s i z e  was i n c r e a s e d .  In  t h i s  s tu d y  

w hich  i n v o lv e d  a r t i f i c i a l  r e a r i n g  o f  many lam b s ,  i n c l u d i n g  a l l  lam bs 

i n  e x c e s s  o f  two p e r  l i t t e r ,  m o r t a l i t y  was s t r o n g l y  a s s o c i a t e d  w i th  

t h e  d e p r e s s e d  b i r t h  w e ig h t  o f  l a r g e r  l i t t e r s .  I t  was o b s e rv e d  t h a t  f o r  

b r e e d s  o t h e r  t h a n  F i n n i s h  L a n d r a c e ,  m o r t a l i t y  o f  m a l e  l a m b s  b o r n  i n  

l i t t e r  s i z e s  o f  3» 4 ,  a n d  5 w as on  a v e r a g e  26%. T h i s  w a s  m o re  t h a n  

t w i c e  t h e  c o r r e s p o n d i n g  v a l u e  f o r  f e m a l e  l a m b s  (11% ), w h e r e a s  i n  

F i n n i s h  L a n d rac e ,  lam b m o r t a l i t y  was a b o u t  8% i n  b o th  s e x e s .  A s tu d y  

by Hinch e t  a l .  (1983) on B o o ro o la  f l o c k s  i n  New Z e a la n d  r e p o r t e d  t h a t  

t r i p l e t -  and q u a d r u p l e t - b o r n  lam b s  had lo w e r  p r o b a b i l i t y  o f  s u r v i v i n g  

c o m p a r e d  t o  s i n g l e s  o r  t w i n s  o f  e q u a l  b i r t h  w e i g h t .  S t a r v a t i o n  

r e s u l t i n g  f r o m  m i s m o t h e r i n g  o f  l a m b s  b o r n  i n  l i t t e r s  o f  3 o r  4 w as  

c o n s id e r e d  a  p o s s i b i l i t y .

C o ld  e x p o s u r e  i s  a n o t h e r  f a c t o r  t h a t  c a u s e s  d e a t h  i n  l a m b s ;  

c o n s e q u e n t l y  d i f f e r e n c e s  i n  r e s p o n s e  t o  c o l d  w o u ld  a f f e c t  la m b  

v i a b i l i t y .  McCuteheon e t  a l . ( 1 9 8 l )  and S l e e  (1981) e x p l a i n e d  t h a t  c o ld  

e x p o su re  d e p l e t e s  th e  en e rg y  r e s e r v e s  by c a u s in g  an  e l e v a t e d  m e ta b o l i c  

r a t e  w hich  may exceed  f i v e  t im e s  t h a t  o f  th e  r e s t i n g ,  m e t a b o l i c  r a t e ,  

i n  a d d i t i o n  t o  d e p r e s s i n g  s u c k l i n g  d r i v e  o f  h y p o t h e r m i c  l a m b s .  C o ld  

e x p o s u re  became m ore s e v e r e ,  c a u s in g  l e t h a l  h y p o th e rm ia  and p ro b a b ly  

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

w hich  d y s t o c i a  had damaged t h e  c e n t r a l  n e rv o u s  sy s te m .
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S am son  an d  S l e e  (1 9 8 1 )  s t u d i e d  u n d e r  l a b o r a t o r y  c o n d i t i o n s  265  

l a m b s  o f  10 b r e e d s  a n d  f o u n d  t h e  m a j o r  f a c t o r s  a f f e c t i n g  c o l d  

r e s i s t a n c e  w e re  b re e d  and p l a c e  o f  o r i g i n  ( h i l l  b r e e d s  p e r fo rm  b e s t ) ,  

b i r t h  w e i g h t  ( h e a v i e r  l a m b s  w e r e  m o re  c o l d  r e s i s t a n t ) ,  s k i n f o l d  

t h i c k n e s s  ( t h i c k e r  s k i n  c o n f e r r e d  g r e a t e r  c o ld  r e s i s t a n c e ) ,  and r a t e  

o f  r e c o v e r y  f rom  h y p o th e rm ia  d u r in g  c o ld  e x p o s u re  ( f e r a l  b re e d  ten d e d  

t o  r e c o v e r  f a s t e s t ) .  U nder  f i e l d  c o n d i t i o n s  body  t e m p e r a t u r e  o f

new born lam b s  a l s o  showed b re e d  d i f f e r e n c e s  i n  th e  a b i l i t y  t o  r e s i s t  

h y p o t h e r m i a  (S y k e s  e t  a l . , 1 9 7 6 ) .  M o u n ta i n  b r e e d s  t e n d e d  t o  show 

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

th a n  o t h e r  b r e e d s ,  p a r t i c u l a r l y  t h e  F i n n i s h  L a n d rac e ,  Southdown, and 

M erino  (Sykes e t  a l . , 1 9 7 6 ;  S l e e ,  1 9 81 ) .

P a r t  o f  t h e  v a r i a t i o n  i n  c o ld  r e s i s t a n c e  b e tw e en  b r e e d s  was a l s o  

a s s o c i a t e d  w i th  c o a t  ty p e ,  in d e p e n d e n t  o f  b i r t h  w e ig h t  ( S le e ,  1978). 

From a s tu d y  u n d e r  l a b o r a t o r y  c o n d i t i o n s  he  r e p o r t e d  t h a t  lam bs  w i th  

h e a v i e r  and l o n g e r  c o a t s  e x h i b i t e d  g r e a t e r  r e s i s t a n c e .  He a l s o  n o te d  

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

s m a l l e r  e x t e n t .  On th e  o t h e r  hand, P u r s e r  and Karam (1967) i n  a  s tu d y  

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

h i g h e r  m o r t a l i t y  a s  c o m p a r e d  t o  i n t e r m e d i a t e  a n d  h a i r y  l a m b s ,  

p a r t i c u l a r l y  u n d e r  h a r s h  e n v i r o n m e n t  c o n d i t i o n s  a t  lam b in g .  In  t h i s  

p a r t i c u l a r  s tu d y  th e y  found  th e  m o r t a l i t y  o f  f i n e  c o a t  l a m b s  was 13$, 

a s  com pared  t o  5 $ f o r  lam bs  w i th  i n t e r m e d i a t e  and h a i r y  c o a t s .  T h is  

i n d i c a t e s  t h a t  c o a t  ty p e  o f  lam b s  h a s  a  r e l a t i o n s h i p  w i t h  l o s s  o f  body 

h e a t  and en e rg y  r e s e r v e s  u n d e r  c o ld  t e m p e r a t u r e .  \
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B i r t h  d a t e  w i t h i n  y e a r  i s  r e l a t e d  t o  som e e x t e n t  t o  s u r v i v a l  

r a t e s .  H i g h t  a n d  J u r y  ( 1 9 7 0 b )  r e p o r t e d  t h a t  l a m b s  b o r n  e a r l i e s t  h a d  

l o w e r  s u r v i v a l  r a t e s .  H o w e v er ,  D i c k e r s o n  e t  a l . (  1975) fo u n d  no 

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

B r e e d  d i f f e r e n c e s  on  s u r v i v a b i l i t y  i n  t h e  f i e l d  h a v e  b e e n  , 

docum ented  by s e v e r a l  w o rk e rs  (e.g. V enka tacha lam  e t  a l . ,1 9 4 9 ;  S id w e l l  

e t  a l . , 1 9 6 2 ;  A t k i n s , 19 8 0 a ) .  A t k i n s  ( 1 9 8 0 a )  i n  a  s t u d y  o f  B o r d e r  

L e i c e s t e r  x M erino  (m ated  i n t e r  se )  (BLM), C o r r i e d a l e ,  P o lw a r th ,  Sou th  

A u s t r a l i a n  M erino  (S.A.M e r ino) and P e p p in  M erino  fou n d  v a r i a b i l i t y  i n  

s u r v i v a l  r a t e s  be tw een  b r e e d s  i n  m u l t i p l e - b o r n  lam b s .  No d i f f e r e n c e  i n  

s i n g l e - b o r n  lam b l i v a b i l i t y  was fou n d  b e tw e en  b re e d s  ( s u r v i v a l  r a t e s  

r a n g e d  f r o m  80 .7  t o  86 .4  l a m b s  w e a n e d  p e r  100 l a m b s  b o r n ) ,  b u t  

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

r e p o r t e d .  In  t h i s  s tu d y ,  th e y  found  t h a t  S6AiMerino and P o lw a r th  had 

s i g n i f i c a n t l y  l o w e r  s u r v i v a l  r a t e s  f o r  m u l t i p l e - b o r n  l a m b s  (m ean  

s u r v i v a l  r a t e s  65 .0  a n d  69.5%, r e s p e c t i v e l y )  t h a n  o t h e r  b r e e d s  (m ean  

s u r v i v a l  r a t e s  r a n g i n g  f rom  76.8 to  80.4%). S i d w e l l  e t  a l . (1 9 6 2 )  i n  a 

s t u d y  o f  p u r e b r e d  H a m p s h i r e ,  S h r o p s h i r e ,  S o u th d o w n ,  M e r in o  a n d  a 

s t r a i n  o f  C o lu m b ia -S o u th d a le  i n  M ary land  i n d i c a t e d  t h a t  among th o s e  

b r e e d s  t h e r e  w a s  l i t t l e  d i f f e r e n c e  i n  l i v a b i l i t y  i n  t e r m s  o f  l a m b s  

w e a n e d  o f  l i v e  l a m b s  b o r n ;  h o w e v e r ,  M e r i n o s  s h o w e d  t h e  h i g h e s t  

v i a b i l i t y  (83.9% v s  75.1 t o  83.9%). On t h e  o t h e r  h a n d ,  S i d w e l l  a n d  

M i l l e r  (1971a) i n  a  s tu d y  o f  H am psh ire ,  C olum bia -S o u t h d a l e ,  Targhee, 

S u f f o l k ,  D o r s e t  a n d  som e c r o s s e s  i n d i c a t e d  t h a t  am ong  t h e  p u r e b r e d  

b re e d s  C o lu m b ia -S o u th d a le  had t h e  h i g h e s t  number o f  lam b s  weaned o f  

l a m b s  b o r n  a l i v e  (83.8% v s  7 6 .9  t o  83.1% ). M e a n w h i l e  S m i t h  (1 9 7 7 )
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w o r k i n g  w i t h  S u f f o l k ,  H a m p s h i r e ,  R a m b o u i l l e t ,  D o r s e t ,  T a r g h e e ,

C o r r i e d a l e ,  C oa rse  wool and some c r o s s e s  i n  N eb rask a ,  i n d i c a t e d  t h a t  

am ong  t h e  p u r e b r e d s ,  H a m p s h i r e  a n d  C o r r i e d a l e  h a d  t h e  h i g h e s t  

m o r t a l i t y  r a t e s  (44.5/6 and 44.9/6, r e s p e c t i v e l y ) ,  w h i l e  c o a r s e  wool and 

T a r g h e e  h a d  t h e  l o w e s t  (3 2 .0  an d  3 3 .4 ? ,  r e s p e c t i v e l y ) .  V enkatacha lam  

e t  a l . ( 19 4 9 ) ,  i n  a  s t u d y  o f  C o s t w o l d ,  O x f o r d ,  H a m p s h i r e ,  S o u th d o w n ,

S h r o p s h i r e  and R a m b u i l l e t  i n  M ich igan , c l a s s i f i e d  t h e  f i r s t  t h r e e  a s

h e a v y  b r e e d s  a n d  t h e  s e c o n d  t h r e e  a s  l i g h t  b r e e d s ,  f o u n d  t h a t  h e a v y  *

b r e e d s  had s i g n i f i c a n t l y  h ig h e r  m o r t a l i t y  (38.3 to  42.2?) com pared  t o  .
’i

t h e  l i g h t  b r e e d s  (1 8 .0  t o  2 0 .6 ? ) .  M eyer  a n d  C l a r k e  (1 9 7 8 )  a l s o  f o u n d  

t h a t  t h e  b re e d  w i th  l i g h t e s t  b i r t h  w e ig h t  had t h e  h i g h e r  v i a b i l i t y .

I n  a d d i t i o n  t o  t h e  e f f e c t  o f  body  w e i g h t  an d  c o l d  r e s i s t a n c e ,  

b r e e d  d i f f e r e n c e s  i n  s u r v i v a b i l i t y  a l s o  i n v o l v e  m a t e r n a l  an d  la m b  

b e h a v io u r .  S le e  (1981) i n  a  s tu d y  on some m o u n ta in ,  f e r a l ,  and lo w la n d  

b r e e d s  i n d i c a t e d  t h a t  f e r a l  b r e e d s  ( B o r e r a y ,  B l a c k f a c e ,  an d  S o a y ) 

f o l l o w e d  by m o u n ta in  b r e e d s  ( C h e v i o t ,  S c o t t i s h  B l a c k f a c e  a n d  W e lsh )  

an d  t h e  O x f o r d  ( l o w l a n d  b r e e d )  h a d  c o n s i s t e n t l y  l o w e r  m o r t a l i t y ,  

e a r l i e r  p o s t n a t a l  s u c k l i n g  a n d  e a r l i e r  d e v e l o p m e n t  o f  a n  e f f e c t i v e  

m a t e r n a l  bond. However, m ost  o f  t h e  lo w la n d  b re e d s  (Southdown, F in n is h  

L a n d rac e ,  and B o rd e r  L e i c e s t e r )  w ere  c o r r e s p o n d in g l y  s lo w  to  s u c k le ,  

s low  to  d e m o n s t r a t e  m a t e r n a l  bond and s u f f e r e d  h ig h  m o r t a l i t y .

A d e l e t e r i o u s  e f f e c t  o f  i n b r e e d i n g  h a s  b e e n  n o t e d  by s e v e r a l  

w o r k e r s .  G a l a l  e t  a l . (  1 9 8 1 ) ,  w i t h  i n b r e e d i n g  l e v e l  o f  0 t o  45?
Ii

( m a j o r i t y  b e lo w  2 5 ? ) ,  r e p o r t e d  t h a t  i n b r e e d i n g  o f  l a m b s  i n c r e a s e d  

m o r t a l i t y ,  b u t  t h e  m ost  h i g h l y  i n b r e d  c l a s s  o f  lam bs  d id  n o t  have  t h e  

h i g h e s t  m o r t a l i t y .  W ie n e r  a n d  H a y t e r  (1 9 7 5 )  i n  a  s t u d y  o f  S c o t t i s h
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B la c k fa c e ,  C h e v io t ,  and W elsh M oun ta in  b re e d s  and t h e  c r o s s e s ,  among 

them i n d i c a t e d  t h a t  i n b r e e d i n g  o f  l a m b s  ( a p p r o x i m a t e l y  25%) r e d u c e d

s u r v i v a l  by a b o u t  8 l a m b s  p e r  100 b o r n .  The e f f e c t  w as  g r e a t e s t  f o r
,

B la c k fa c e  la m b s  and n e g l i g i b l e  i n  C h e v io t  and B la c k fa c e  x W elsh lam bs. 

H o w e v er ,  Doney (1 9 5 7 )  i n  h i s  s t u d y  w i t h  P e p p i n  M e r i n o s ,  w i t h  

r e l a t i v e l y  f e w  e w e s  l o s i n g  l a m b s  a f t e r  b i r t h ,  f o u n d  no  e f f e c t  o f  

i n b r e e d i n g  o f  t h e  dam on lam b  s u r v i v a l .  M eanw hile , Doney (1966) i n  a 

f u r t h e r  s tu d y  on B la c k fa c e  sh e ep  fou n d  an  e f f e c t  o f  i n b r e e d i n g  b o th  o f  

dam and lam b s  on lam b  s u r v i v a l .  D e l e t e r i o u s  e f f e c t s  o f  i n b r e e d i n g  bo th  

o f  dam and lam b s  on s u r v i v a l  w ere  a l s o  r e p o r t e d  by W iener e t  a l . (1 9 8 3 )  

and M acleod e t  a l . (  1983) i n  a  s tu d y  on t h e  same f l o c k  w h ich  i n d i c a t e d  

t h a t  i n b r e e d i n g  o f  25 t o  59% w o u ld  i n c r e a s e  m o r t a l i t y  by i n c r e a s i n g  

w e a k  l a m b s ,  r e d u c i n g  b i r t h  w e i g h t ,  a n d  i n c r e a s i n g  t h e  i n c i d e n c e  o f  

i n f e c t i o u s  d i s e a s e  e s p e c i a l l y  r e s p i r a t o r y  d i s e a s e s .  From t h e s e  s e r i e s  

o f  s t u d i e s  th e y  s u g g e s te d  t h a t  c r o s s e s  o f  i n b r e d  l i n e s  w ould  d e c re a s e  

lam b  m o r t a l i t y .

F i n a l l y ,  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  u s e f u l  g e n e t i c  v a r i a n c e  

a f f e c t i n g  lam b  s u r v i v a l  r a t e s  w i t h i n  b re e d  i s  l i m i t e d .  A ccord ing  t o  

P i p e r  e t  a l . ( 1982) l a m b  s u r v i v a l  i s  a n  a l l - o r - n o n e  v a r i a b l e  w hen 

t r e a t e d  a s  a t r a i t  o f  t h e  l a m b ,  t h e r e f o r e  t h e  h e r i t a b i l i t y  o f  

v i a b i l i t y  c a n n o t  be d e te r m in e d  from  o f f s p r i n g - p a r e n t  a n a l y s i s ,  because  

dead lam b s  l e a v e  no o f f s p r i n g ,  b u t  can  be e s t i m a t e d  f rom  t h e  v a r i a t i o n  

i n  m ean  s u r v i v a l  b e t w e e n  h a l f - s i b  g r o u p s  o f  l a m b s .  P i p e r  an d  B in d o n

(1977) c i t e d  by P ip e r  e t  a l . (1 9 8 2 )  i n  a  s tu d y  on two f l o c k s  o f  random - 

b r e d  M e r i n o  f o u n d  t h e  h e r i t a b i l i t y  o f  s u r v i v a l  f ro m  b i r t h  t o  7 d o f  

a g e  t o  be  .02  a n d  b i r t h  t o  w e a n i n g  .0 5 ,  w h i l e  f o r  t h e  s e c o n d  f l o c k
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(21160 l a m b s  a n d  232 d . f .  f o r  s i r e s )  t h e  e s t i m a t e  w a s  s l i g h t l y  

n e g a t i v e .  S i m i l a r  low e s t i m a t e s  o f  h e r i t a b i l i t y  w ere  fo u n d  by S m ith  

(1977) i n  a s tu d y  on some p u re b re d  ( S u f f o lk ,  H am psh ire ,  f i a m b o u i l le t ,  

D o r s e t ,  T arghee , C o r r i e d a l e  and  C oarse  Wool) a t  Clay C e n te r ,  N eb rask a . .  

Based on t h e  p a t e r n a l  h a l f - s i b  m ethod he  e s t i m a t e d  t h e  h e r i t a b i l i t y  o f  

p r e w e a n i n g  m o r t a l i t y  t o  b e  .0 6 ,  w i t h  a p o s i t i v e  g e n e t i c  c o r r e l a t i o n  

b e t w e e n  m o r t a l i t y  an d  d y s t o c i a  (.115) a n d  v i g o r  ( . 1 6 ) ,  b u t  a  n e g a t i v e  

g e n e t i c  c o r r e l a t i o n  w i t h  b i r t h  w e i g h t  ( - . 2 8 ) .  Low e s t i m a t e s  o f  

h e r i t a b i l i t y  o f  s u r v i v a l  r a t e s  w e re  a l s o  fou n d  by F o g a r ty  e t  a l .(1982 )  

i n  a  s t u d y  on som e p u r e b r e d  a n d  s y n t h e t i c  l i n e s  o f  s h e e p .  U s in g  t h e  

p a t e r n a l  h a l f - s i b  m ethod and i n d i v i d u a l  r e c o r d s  and mean r e c o r d s ,  th ey  

f o u n d  t h e  h e r i t a b i l i t y  o f  n e o n a t a l  s u r v i v a l  t o  be  .02  and , .1 0 ,  

r e s p e c t i v e l y ,  a n d  o f  p o s t n a t a l  s u r v i v a l  t o  b e  . 0 7  a n d  . 1 5 ,  

r e s p e c t i v e l y .  T h is  s tu d y  i n d i c a t e s  t h a t  i n d i v i d u a l  r e c o r d s  g i v e  lo w e r  

e s t i m a t e s  o f  h e r i t a b i l i t y .  They a l s o  r e p o r t e d  g e n e t i c  and p h e n o ty p ic  

c o r r e l a t i o n s  b e tw e en  n e o n a ta l  a n d  p o s t n a t a l  s u r v i v a l  o f  .78  an d  .0 8 ,  

r e s p e c t i v e l y .  On t h e  o t h e r  hand S h e l to n  and M enzies  (1970) s tu d y in g  

tw o f ia m b o u i l le t  f l o c k s  i n  Texas o b t a i n e d  h e r i t a b i l i t y  e s t i m a t e s  o f  .13 

a n d  .1 9 ,  r e s p e c t i v e l y .  M a l i k  an d  A c h a r y a  (1 9 7 2 a )  f o u n d  h e r i t a b i l i t y  

e s t i m a t e s  i n  I n d i a n  s h e e p  o f  .10  a n d  .26 f o r  s u r v i v a l  r a t e s  b e tw e e n  

b i r t h  and 12) d and b e tw e en  15 d and w e a n in g ,  r e s p e c t i v e l y .

C o n s i d e r i n g  lo w  h e r i t a b i l i t y  e s t i m a t e s  a n d  t h e  i n c r e a s e  o f  

g e n e r a t i o n  i n t e r v a l  i n  p r o g e n y  t e s t i n g  p r o g r a m s  f o r  c h o o s i n g  

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

i m p r o v i n g  l a m b  l i v a b i l i t y  by d i r e c t  s e l e c t i o n  w i t h i n  b r e e d s .  An

a l t e r n a t i v e  a p p ro a c h  would  be an  i n d i r e c t  s e l e c t i o n  program  t o  change
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t h e  t r a i t s  t h a t  a r e  c l o s e l y  r e l a t e d  t o  l i v a b i l i t y  such  a s  b i r t h  c o a t ,  

r e s i s t a n c e  t o  c o l d  e x p o s u r e  and s k i n  t h i c k n e s s .

F a c t o r s  a s s o c i a t e d  w i t h  g row th  c h a r a c t e r s

B i r t h  weight-.  V a r i a t i o n  i n  b i r t h  w e i g h t  i s  known t o  be a f f e c t e d  

by g e n e t i c  d i f f e r e n c e s  b e tw e e n  l a m b s ,  by e n v i r o n m e n t a l  i n f l u e n c e s ,  and 

by a c c i d e n t  o f  de v e lo p m en t .  These e f f e c t s  a r e  m e d i a t e d  e n t i r e l y  o r  i n  

p a r t  t h r o u g h  t h e  dam (Chapman  a n d  L u s h ,  1932;  B r a d f o r d ,  19 7 2 a ) .  

W a l l a c e  (1948)  d e m o n s t r a t e d  a  l a r g e  e f f e c t  o f  m a t e r n a l  n u t r i t i o n  i n  

l a t e  p regna nc y  on b i r t h  w e i g h t  o f  b o th  s i n g l e  and t w i n  l a m b s ,  and he 

n o te d  t h a t  l a m b s  f rom  low p l a n e  ewes  w e ighed  o n l y  50 t o  60% a s  much a s  

l am b s  f rom  ewes on a  h i g h  p l a n e  o f  n u t r i t i o n .  K h a la f  e t  a l . (  1979a) i n  

a s tu d y  o f  S c o t t i s h  h a l f - b r e d  ewes  found  s i m i l a r  r e s u l t s  f o r  t w i n s  and 

t r i p l e t s ,  b u t  found  no e f f e c t  o f  dam’s  p l a n e  o f  n u t r i t i o n  on s i n g l e s .  

Twin and t r i p l e t  l am b s  b o rn  f rom t h e  low p l a n e  n u t r i t i o n  ewes  we ighed  

19% and 26% l e s s  t h a n  t h o s e  from ewes on t h e  h ig h  p l a n e  o f  n u t r i t i o n ,  

r e s p e c t i v e l y .  Dahmen e t  a l . (  1978)  i n  a  s t u d y  o f  Panam a  a n d  F i n n i s h  

L a n d r a c e  x P a na m a  e w e s  on  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  f o u n d  no 

d i f f e r e n c e s  b e tw e e n  s i n g l e  o r  b e tw e e n  t r i p l e t  b o rn  l a m b s  a s s o c i a t e d  

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

b e tw e e n  t w i n  b o r n  l a m b s  f rom  dams on h i g h  and  low p l a n e s  o f  n u t r i t i o n .

An e f f e c t  o f  a g e  o f  dam on  b i r t h  w e i g h t  h a s  b e e n  r e p o r t e d  by 

s e v e r a l  w o r k e r s ,  and a  c u r v i l i n e a r  r e l a t i o n s h i p  i s  t h e  g e n e r a l  p a t t e r n  

f o u n d  i n  m o s t  s t u d i e s  ( B l a c k w e l l  an d  H e n d e r s o n ,  1955;  H o h e n b o k e n  e t  

a ! . , 1976a).  V e se ly  and P e t e r s  (1964) i n d i c a t e d  t h a t  2 - y r - o l d  ewes bo re  

l i g h t e r  l a m b s  t h a n  o l d e r  e w e s ,  an d  t h e  b i r t h  w e i g h t  s h o w e d  a  s l i g h t
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i n c r e a s e  f o r  e a c h  y e a r  i n c r e a s e  i n  a g e  o f  dam up  t o  6 y r .  N e l s o n  an d  

V e nka tac ha la m  (1949)  r e p o r t e d  t h a t  m a t u r e  ewes p roduced  l a m b s  w i t h  10% 

h e a v i e r  b i r t h  w e i g h t  t h a n  2 - y r - o l d  ewes.  Chopra and Acharya  (1971b) i n  

I n d i a n  s h e e p  f o u n d  t h a t  e w e s  5 y r  o f  a g e  a n d  o l d e r  p r o d u c e d  h e a v i e r  

l a m b  a t  b i r t h  w h i l e  2 - y r - o l d  e w e s  p r o d u c e d  t h e  l i g h t e s t .  A l r a w i  e t  

a l . (  I 9 8 2 ) ,  h o w e v e r ,  i n  a  s t u d y  on A w a s s i  s h e e p  f o u n d  t h a t  a g e  o f  dam 

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

I n  m o s t  s t u d i e s  t h e r e  i s  e v i d e n c e  t h a t  l a m b s  b o r n  f r o m  t h e  

l a r g e r  l i t t e r s  h a d  l o w e r  b i r t h  w e i g h t .  V e s e l y  and  P e t e r s  (1964)  a nd  

A bde l  A z i s  e t  a l . ,(  1978)  f o u n d  t h a t  t y p e  o f  b i r t h  h a d  t h e  l a r g e s t  

i n f l u e n c e  on b i r t h  w e i g h t .  Ne l son  and V enka tacha lam  (1949)  found  t h a t  

t w i n - b o r n  l a m b s  we ighed  22% l e s s  t h a n  s i n g l e  lam bs .  B i c h a r d  and Cooper 

(1966) i n  a  s tu d y  o f  l o w l a n d  f l o c k  s h e e p  f o u n d  t h a t  t w i n s  and  t r i p l e t s  

w e re  20% and 30% l i g h t e r ,  r e s p e c t i v e l y ,  t h a n  s i n g l e s .  F i t z h u g h  and 

B r a d f o r d  (1 9 8 3 )  i n  a  s t u d y  o f  h a i r  s h e e p  r e p o r t e d  t h e  r a n g e  o f  b i r t h  

w e i g h t s  t o  be  1.8 t o  3 .3  kg .  The a v e r a g e  w e i g h t s  o f  t w i n s ,  t r i p l e t s  

and q u a d r u p l e t s  a s  a p e r c e n t a g e  o f  s i n g l e  w e i g h t s  w e r e :  f o r  P e l i b u e y -  

t w i n s  81, t r i p l e t  63 a n d  q u a d r u p l e t s  52%; f o r  V i r g i n  I s l a n d  s h e e p  -  

8 7 ,  87 ,  a nd  68%; a n d  f o r  B a r b a d o s  B l a c k b e l l y  -  9 3 ,  8 0 ,  and  70%. 

D i c k i n s o n  e t  a l . (  1 9 6 2 ) ,  i n  a  s t u d y  f r o m  a n  e g g  t r a n s f e r  e x p e r i m e n t  

c o n c l u d e d  t h a t  t w i n s  a r e  e x p e c t e d  t o  be  78% an d  t r i p l e t s  62% o f  t h e  

mean w e i g h t  o f  s i n g l e s .

An e f f e c t  o f  s e x  o f  c o - t w i n  on t h e  s e x  d i f f e r e n c e s  i n  b i r t h  

w e i g h t  o f  t w i n s  w a s  r e p o r t e d  by D o n a l d  a n d  P u r s e r  ( 1 9 5 6 ) ,  s u c h  t h a t  

t h e  d i f f e r e n c e  b e t w e e n  m a l e s  a n d  f e m a l e s  i n  u n l i k e  s e x  p a i r s  w a s  

g r e a t e r  t h a n  t h a t  i n  l i k e  s e x  p a i r s .  A s i m i l a r  r e s u l t  was  r e p o r t e d  by
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B u r f e n i n g  (1972) i n  r a n g e  R a m b o u i l l e t ,  Targhee  and Colum bia  sheep .  He 

found  t h a t  l a m b s  c o - t w i n  t o  a f e m a l e  w e re  s i g n i f i c a n t l y  h e a v i e r  t h a n  

l a m b s  b o rn  c o - t w i n  t o  a  male .  The g r e a t e s t  d i f f e r e n c e  i n  b i r t h  w e i g h t  

b e tw e e n  m a l e s  and f e m a l e s  o c c u r r e d  i n  t h e  mixed  s e x  l i t t e r s  (.34 kg) 

a s  compared  t o  t h e  d i f f e r e n c e  (.08 kg)  b e tw e e n  m a l e s  and  f e m a l e s  bo rn  

i n  l i k e  s ex  l i t t e r s .

C h o p r a  a n d  A c h a r y a  ( 1 9 7 1 b )  i n  a  s t u d y  on I n d i a n  s h e e p  o v e r  tw o  

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

c o n t r i b u t e d  t h e  l a r g e s t  s o u r c e  o f  v a r i a t i o n  and w e re  r e s p o n s i b l e  f o r  

a b o u t  14% o f  t h e  t o t a l  v a r i a t i o n .  A b d e l  A z i s  e t  a l .  ( 1 9 7 8 )  r e p o r t e d  

t h a t  y e a r  e f f e c t s  o n l y  c o n t r i b u t e d  7.8% o f  t h e  v a r i a t i o n .  H ow e ver ,  

G j e d r e m  ( 1 9 6 7 ) ,  D a s s  a n d  A c h a r y a  ( 1 9 7 0 )  a n d  B u v a n e n d r a n  e t  a l . (  1981)  

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

w a s  s u g g e s t e d  t h a t  y e a r  t o  y e a r  v a r i a t i o n  i n  p a s t u r e  a n d  i n  

s u p p l e m e n t a r y  f e e d  a v a i l a b l e  w a s  r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e s  

o b s e r v e d .

Season  o f  l a m b in g  i s  a n o t h e r  s o u r c e  o f  v a r i a t i o n  t h a t  s h o u ld  be 

c o n s i d e r e d  i n  a c c e l e r a t e d  l a m b i n g  s y s t e m s  o r  i n  c o n t i n o u s  b r e e d i n g  

s y s t e m .  A s i g n i f i c a n t  e f f e c t  o f  s e a s o n  h a s  b e e n  d e m o n s t r a t e d  by 

s e v e r a l  w o r k e r s  (Chopra and Acharya,1971b;  M a l ik  and A c h a ry a , 1972b; 

B h a d u l a  and  B h a t ,  19 8 0 ) .  M a l i k  a n d  A c h a r y a  (1 9 7 2 b )  i n d i c a t e d  t h a t  

l am bs  b o r n  f rom  March t o  A p r i l  ( s p r i n g )  w e r e  .14 kg h e a v i e r  t h a n  t h o s e  

b o r n  f r o m  S e p t e m b e r  t o  O c t o b e r  ( a u t u m n ) .  H o w e v er ,  B h a d u l a  and  B h a t  

(1 9 8 0 )  f o u n d  t h a t  l a m b s  b o r n  f r o m  D e c e m b e r  t o  May w e r e  h e a v i e r  t h a n  

t h o s e  bo rn  d u r i n g  t h e  r e m a i n d e r  o f  t h e  y e a r .  Buvanendran  e t  a l .  (1981) 

i n  a  s t u d y  i n  N i g e r i a  n o t e d  t h a t  l am b s  bo rn  d u r i n g  t h e  d r y  s e a s o n  were
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l i g h t e r  a t  b i r t h  t h a n  t h o s e  l a m b s  b o r n  d u r i n g  t h e  w e t  s e a s o n .  An 

e f f e c t  o f  s e a s o n  w a s  r e p o r t e d  by S h e l t o n  ( I 9 64a )  i n  T e x a s ,  U.S.A. and  

G o u ld  a n d  W h i t e m a n  ( 1 9 7 1 )  i n  O k l a h o m a ,  U.S.A., who f o u n d  t h a t  f a l l -  

b o rn  l a m b s  had  l i g h t e r  b i r t h  w e i g h t s  t h a n  t h o s e  b o rn  i n  sp r ing*  I t  was 

s u g g e s t e d  t h a t  t h e  m a n i f e s t a t i o n  o f  f e t a l  d w a r f i n g  was c a u s e d  by h ig h  

t e m p e r a t u r e  ( S h e l t o n ,  1964b) and p o s s i b l y  e x e r t i n g  i t s  e f f e c t  v i a  t h e  

p l a c e n t a  (A lex a n d e r ,  1968). B h a s in  and D e s a i  (1967) and  Khan and Bha t  

( 1 9 8 1 )  d e m o n s t r a t e d  t h a t  s e a s o n  w a s  n o t  a n  i m p o r t a n t  s o u r c e  o f  

v a r i a t i o n  i n  b i r t h  w e i g h t .  ,

P o s t n a t a l  g r o w t h .  P o s t n a t a l  g r o w t h  i s  t h e  m a j o r  f a c t o r  

i n f l u e n c i n g  w e a n ing  w e i g h t .  The r a t e  o f  p o s t n a t a l  g r o w th  i s  i n f l u e n c e d  

by t h e  q u a n t i t y  o f  m i l k  p roduced  by ewes ,  e s p e c i a l l y  t h e  f i r s t  h a l f  o f  

l a c t a t i o n  ( H u n t e r ,  19 5 7 ) .  d e B a c a  e t  a l . . (  I 956)  f o u n d  t h a t  l a m b  g r o w t h  

was e s s e n t i a l l y  l i n e a r  f rom b i r t h  t o  135 d o f  age.  However , H a r r i n g t o n  

e t  a l . ( 1 9 5 8 )  i n  a  s t u d y  o f  r a n g e  sheep  c o n c lu d e d  t h a t  l am b  g r o w t h  from 

b i r t h  t o  120 d o f  a g e  c o u l d  be l i n e a r  o r  c u r v i l i n e a r  d e p e n d i n g  upon  

t h e  c o n d i t i o n  o f  t h e  y e a r .  H u n t e r  ( 1 9 5 7 )  r e p o r t e d  t h a t  t h e  g r o w t h  

c u r v e  was l i n e a r  t h e  f i r s t  3 mo, b u t  c u r v i l i n e a r  f rom b i r t h  t o  8 mo of  

age.  Gould and  Whiteman (1971) found  t h a t  g r o w t h  r a t e  was  l i n e a r ,  f rom 

b i r t h  t o  70 d o f  a g e ,  a n d  c u r v i l i n e a r  f r o m  b i r t h  t o  16 8 d o f  a g e .  

W i l s o n  ( I 983)  n o t e d  t h a t  g r o w t h  r a t e  i n  h a i r  s h e e p  w a s  l i n e a r  f r o m  

b i r t h  t o  6 mo o f  age and c u r v i l i n e a r  f rom  b i r t h  t o  12 mo o f  age.

An e f f e c t  o f  n u m b e r  o f  l a m b s  r e a r e d  a n d  a g e  o f  dam on  p o s t n a t a l  

g r o w t h  h a s  b e e n  d e m o n s t r a t e d  i n  s e v e r a l  s t u d i e s .  Of t h e  d i f f e r e n t  

e n v i r o n m e n t a l  f a c t o r s  f o r  w h i c h  w e a n i n g  w e i g h t s  a r e  f r e q u e n t l y  

a d j u s t e d ,  t y p e  o f  b i r t h  h a s  t h e  g r e a t e s t  e f f e c t .  B r a d f o r d  ( 19 72a )
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r e v i e w e d  s e v e r a l  s t u d i e s  w h i c h  i n d i c a t e d  t h a t  t h e  e s t i m a t e s  o f  t h e  

d i f f e r e n c e  i n  w e a n ing  w e i g h t  b e tw e en  a g e s  o f  100 t o  150 d r a n g e d  from 

a b o u t  3 t o  8 k g .  The  d i f f e r e n c e s  w e r e  l e s s  u n d e r  f a r m  f l o c k  

c o n d i t i o n s ,  where  ewes ,  and o f t e n  l a m b s ,  w e r e  f e d  s u p p l e m e n t  d u r i n g  

t h e  s u c k l i n g  p e r i o d ,  t h a n  u nde r  r a n g e  c o n d i t i o n s .  Osman and B r a d fo r d  

(1 9 6 5 )  f o u n d  t h a t  i n  a d j u s t i n g  w e a n i n g  w e i g h t s  w i t h i n  a  f l o c k  

m u l t i p l i c a t i v e  c o r r e c t i o n s  w e r e  s u p e r i o r  t o  a d d i t i v e .

I n  m os t  s t u d i e s  t h e r e  i s  e v i d e n c e  t h a t  w e i g h t  o f  l a m b s  b o rn  t w i n  

b u t  r e a r e d  a s  s i n g l e s  i s  i n t e r m e d i a t e  b e t w e e n  t w i n s  a n d  s i n g l e s .  

B i c h a r d  and  Cooper (1966)  who s t u d i e d  t h r e e  d i f f e r e n t  a g e s  (21,  42 and 

112 d o f  a g e )  f o u n d  d i f f e r e n c e s  b e t w e e n  s i n g l e s  a n d  t w i n s  o f  5 .5 ,  

8 . 2 8 ,  11.05  kg  a n d  2 . 6 5 ,  5 . 8 3 ,  8 .08  k g ,  r e s p e c t i v e l y .  C a r t e r  e t  

a l . (  1971) r e p o r t e d  p r e w e a n i n g  d a i l y  g a i n  and 120 d w e i g h t  o f  s i n g l e s ,  

t w i n s  a n d  t w i n  r e a r e d  a s  s i n g l e s  t o  b e  2 7 8 ,  2 3 0 ,  250  g a n d  3 9 . 8 ,  33 ,  

35  k g ,  r e s p e c t i v e l y .  S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  by S i d w e l l  e t  

a l . ( 1 9 6 4 )  and S i d w e l l  and  M i l l e r .  (1971b).

An e f f e c t  o f  type  o f  b i r t h  i t s e l f  w i t h o u t  c o n s i d e r i n g  numbers  o f  

l a m b  r e a r e d  h a s  b e e n  d o c u m e n t e d  by s e v e r a l  w o r k e r s  a s  w e l l ,  an d  

u s u a l l y  l a m b s  f r o m  l a r g e  l i t t e r  s i z e  h a v e  l o w e r  p o s t n a t a l  g r o w t h .  

N e l s o n  a n d  V e n k a t a c h a l a m  ( 1 9 4 9 )  r e p o r t e d  t h a t  t w i n  l a m b  w e i g h e d  7% 

l e s s  t h a n  s i n g l e  l a m b s  a t  w e a n i n g .  D i c k e r s o n  e t  a l . (  1975)  f o u n d  t h a t  

t w i n  and t r i p l e t  l am b s  g a i n e d  l e s s  t h a n  s i n g l e s  t o  10 wk o f  age 

( - 3 . 7  an d  - 3 . 9  k g ) ,  t h u s  w e i g h e d  l e s s  a t  10 wk ( - 4 . 5  a n d  - 5 . 4  k g ) .  

However,  deBaca e t  a l . ( 1 9 5 6 )  found  a  d i f f e r e n c e  o f  7.7 kg  i n  American  

sh e ep  and A l r a w i  e t  a l . ( 1 9 8 2 )  found a  d i f f e r e n c e s  o f  1.8 kg i n  Awassi 

sheep  b e tw e e n  t w i n s  and s i n g l e s  l a m b s .  M a r t i n e z  (1983) i n  a  s tu d y  o f  3
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b r e e d s  o f  h a i r  sh e ep  i n  V e n e z u e la  i n d i c a t e d  t h a t  w h i l e  b r e e d s  d id  n o t  

a f f e c t  p r e w e a n i n g  d a i l y  g a i n  ( b i r t h  t o  90 d ) ,  t y p e  o f  b i r t h  w a s  a 

s i g n i f i c a n t  e f f e c t .  He found  t h a t  t r i p l e t s  and t w i n s  g a i n e d  l e s s  t h a n  

s i n g l e s  (97  a n d  93 g v s  113 g ) ,  t h u s ,  a t  w e a n i n g  (90  d)  t w i n - b o r n  

l a m b s  w e i g h e d  86% o f  t h e  w e i g h t  o f  s i n g l e s ,  t r i p l e t s  w e i g h e d  79% o f  

s i n g l e  w e i g h t  a n d  92% o f  t w i n  w e i g h t .  P a t t e r s o n  ( I 983)  i n  a  s t u d y  on 

Barbados  B l a c k b e l l y  i n  B a rba dos  found  t h a t  a t  wean ing ,  t w i n s  we ighed  

81% a s  much a s  s i n g l e s ,  t r i p l e t s  72% and q u a d r u p l e t s  64%.

W i th  r e s p e c t  t o  a g e  o f  dam, e w e s  l a m b i n g  a t  2 y r  o f  a g e  u s u a l l y  

r a i s e  l a m b s  much l i g h t e r  t h a n  m a t u r e  ewes.  B r a d fo r d  (1972a)  i n d i c a t e d  

t h a t  d i f f e r e n c e s  due  t o  a g e  o f  dam may be  n e a r l y  a s  g r e a t  a s  t h a t  

b e tw e e n  t w i n s  and s i n g l e s ,  and was o f t e n  confounded  w i t h  l a m b i n g  d a t e .  

T w o - y r - o l d  ewes u s u a l l y  r e a r  s i g n i f i c a n t l y  l i g h t e r  l am b s  t h a n  t h o s e  i n  

3 t o  5 o r  6 y r  r a n g e ,  though  th e  d i f f e r e n c e  a p p e a r s  d e p e n d e n t  upon th e  

p r o p o r t i o n  o f  m a t u r e  w e i g h t  a t  2 y r  (Osman and B r a d f o r d ,  1965). Ewes 

above  5 o r  6 y r  o f  age  t e n d  t o  wean l i g h t e r  l a m b s  t h a n  t h e  3 - t o  5 - y r -  

o l d  g r o u p  ( S i d w e l l  e t  a l . , 1 9 6 4 ;  M a v r o g e n i s  a nd  L o u c a ,  1979 ;  B h a t  e t  

a l . , 1 9 8 1 ) .  Th is  s u g g e s t e d  t h a t  t h e  r e l a t i o n s h i p  b e tw e en  age  o f  dam and 

p o s t n a t a l  g r o w t h  i s  c u r v i l i n e a r  ( B l a c k w e l l  and  H e n d e r s o n ,  1955;  

Hohenboken e t  a l . ,  1976b; M avrogen is  and  Louca,  1979).

Q u a n t i t a t i v e  e s t i m a t e s  i n  p e r f o r m a n c e  d i f f e r e n c e s  o f  l am bs  bo rn  

f r o m  y o u n g  a n d  m a t u r e  e w e s  h a v e  b e e n  r e p o r t e d  i n  som e s t u d i e s .  Ten 

p e r c e n t  d i f f e r e n c e s  b e tw e e n  lam bs  r e a r e d  by I -  and 2 - y r - o l d  dams and 

3 -  a n d  4 - y r - o l d  da m s  h a s  b e e n  r e p o r t e d  by B u v a n e n d r a n  e t  a l .  ( 1 9 8 1 ) .  

Ne lson  and V enka tacha lam  (1949) ,  on t h e  o t h e r  hand,  found  d i f f e r e n c e s  

o f  5% b e t w e e n  l a m b  r e a r e d  by m a t u r e  a n d  2 - y r - o l d  e w e s .  H a z e l  a n d
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T e r r i l l  (1945)  and V e s e ly  and P e t e r s  (1964) i n d i c a t e d  t h a t  m a t u r e  ewes 

w e a n e d  2.8  kg  a n d  .82  t o  1.4 kg  h e a v i e r  l a m b s  t h a n  2 - y r - o l d  e w e s ,  

r e s p e d t i v e l y .  P a t t e r s o n  (1983) i n  a  s t u d y  o f  Ba rbados  B l a c k b e l l y  sheep  

i n  B a rbados  found  t h a t  ewes  l e s s  t h a n  19 mo, 1 9 - 3 5  mo, and  more th a n  

3 5  mo o f  a g e  w e a n e d  l a m b s  w e i g h i n g  1 0 . 8 ,  1 1 .8  a n d  9 .9  k g ,  

r e s p e c t i v e l y .

Sex  h a s  a  s i g n i f i c a n t  i n f l u e n c e  on p o s t n a t a l  g r o w t h  i n  m o s t  

s t u d i e s .  Ram l a m b s  u s u a l l y  grow f a s t e r  and  weigh  more a t  w e a n ing  t h a n  

ewe  l a m b s .  N e l s o n  a n d  V e n k a t a c h a l a m  ( 1949)  r e p o r t e d  t h a t  r a m  l a m b s  

w e r e  5% h e a v i e r  t h a n  ewe lam bs .  Hazel  and T e r r i l  (1945)  and  B l a c k w e l l  

a n d  H e n d e r s o n  ( 1 9 5 5 )  f o u n d  d i f f e r e n c e s  o f  3 . 8  k g  a n d  2 .0  k g ,  

r e s p e c t i v e l y .  H a r r i n g t o n  e t  a l .  (1958)  r e p o r t e d  d i f f e r e n c e s  o f  2.3 kg 

a t  135 d o f  a g e .  E i k j e  (1 9 7 1 )  i n  a  s t u d y  on N o r w e g i a n  s h e e p  a t  

a p p r o x i m a t e l y  42 d w e i g h t  and wean ing  w e i g h t  i n .  5 l o c a t i o n s  found t h e  

d i f f e r e n c e s  b e t w e e n  m a l e s  a n d  f e m a l e s  o f  .54 t o  1 .20  k g  a n d  3.22 t o  

3 .8 0  k g ,  r e s p e c t i v e l y .  D i c k e r s o n  e t  a l .  ( 1 9 7 5 )  i n  a  s t u d y  on F i n n i s h  

L and race  and d o m e s t i c  c r o s s b r e d  i n d i c a t e d  t h a t  ram l a m b s  g a i n e d  .9 kg 

and w e ighed  1.1 kg more a t  wean ing  (70 d) t h a n  ewe l am bs .  A d i f f e r e n c e  

du e  t o  s e x  o f  l a m b  o f  1 .62 kg  w a s  f o u n d  i n  A w a s s i  s h e e p  ( A l r a w i  e t  

a l . ,  1 9 8 2 ) ,  an d  1.80  k g  i n  I n d i a n  s h e e p  ( D a s s  a n d  A c h a r y a ,  1970) .  

B r a d f o r d  (1 9 8 3 )  i n  a  s t u d y  on h a i r  s h e e p  f o u n d  t h a t  r am  l a m b s  g a i n e d  

f a s t e r  t h a n  ewe  l a m b s  f r o m  7 -  30 d (86 v s  72 g ) ,  b u t  r e l a t i v e l y  t h e  

s a m e  f r o m  30 -  90 d (4 4 .2  g v s  44 .6  g ) .  I n  t e r m s  o f  w e i g h t  a t  30 and  

90 d o f  a g e  h e  f o u n d  t h a t  m a l e s  w e r e  h e a v i e r  t h a n  f e m a l e s ,  a l t h o u g h  

t h e  d i f f e r e n c e s  w e r e  s m a l l  (4 .6  k g  v s  4.1 kg  a t  30 d a n d  7.9  kg  v s  7.1 

kg a t  90 d) .  N e v e r t h e l e s s ,  some s t u d i e s  a l s o  i n d i c a t e d  t h a t  s e x  had no
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e f f e c t  on  p o s t n a t a l  g r o w t h  ( M a l i k  a n d  A c h a r y a ,  1972b ;  A b d e l  A z i s  e t  

a l . , 1 9 7 8 ;  Bha dula  and Bhat ,  1980; Buvanendran  e t  a l . , 1 9 8 1 ) .

M a l ik  and Acha rya  (1972b)  d e m o n s t r a t e d  t h a t  y e a r  and  s e a s o n  were  

t h e  m a j o r  s o u r c e  o f  v a r i a t i o n ,  w h e r e a s  s e x e s ,  b r e e d  and ewe w e i g h t  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  l a m b  w e a n i n g  w e i g h t .  Y e a r  e f f e c t  a s  a n  

i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  w a s  a l s o  r e p o r t e d  by B l a c k w e l l  an d  

H e n d e r s o n  (1,955);  Karam ( 1 9 5 9 ) ,  V e s e l y  a n d  P e t e r s  ( 1 9 6 4 ) ,  S i d w e l l  e t  

a l . ( 1 9 6 4 ) ,  G j e d r e m  ( 1 9 6 7 ) ,  C h o p r a  a n d  A c h a r y a  ( 1 9 7 1 b ) ,  a n d  D a s s  a n d  

A c h a r y a  ( 19 7 0 ) .  T h i s  i n d i c a t e d  t h a t  w e a t h e r  c o n d i t i o n s  a f f e c t e d  t h e  

q u a l i t y  and q u a n t i t y  o f  f e e d  s u p p l y ,  and e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  

a f f e c t e d  t h e  f l o c k ’s  g e n e r a l  s t a t e  o f  h e a l t h  ( B l a c k w e l l  and Henderson,  

1955; Chopra and  Acharya,  1971b).

An e f f e c t  o f  s e a s o n  on p o s t n a t a l  g r o w t h  i n  m o s t  o f  t h e  s t u d i e s  

p a r a l l e l s  t h e  e f f e c t  o f  s e a s o n  on b i r t h  w e i g h t .  S t u d i e s  i n  I n d i a n  

s h e e p  i n d i c a t e d  t h a t  l a m b s  b o r n  f r o m  D e c e m b e r  t o  May h a d  h e a v i e r  

p r e w e a n i n g  g a i n  a n d  w e a n i n g  w e i g h t  t h a n  l a m b s  b o r n  a t  o t h e r  m o n t h s  

(M a l ik  and Acharya,  1972b; B hadu la  and B ha t ,  1980,1981; Khan and  Bhat ,  

1981). M a l ik  and Acharya  (1972b)  fo u n d  t h a t  l a m b s  bo rn  i n  F e b r u a r y  and 

M a rc h  w e a n e d  h e a v i e r  by 3 .9  kg t h a n  t h o s e  b o r n  i n  S e p t e m b e r  t o  

Oc tobe r .  Bhadula  and  Bha t  (1980)  r e p o r t e d  l am b s  bo rn  f rom  December t o  

May w e r e  I kg  h e a v i e r  t h a n  l a m b s  b o r n  i n  o t h e r  m o n t h s ,  b u t  t h e  

d i f f e r e n c e s  were  n o t  s i g n i f i c a n t .  Gould and Whiteman (1971)  found  t h a t  

f a l l  b o r n  l a m b s  g a i n e d  l e s s  t h a n  s p r i n g  b o r n  l a m b s  (.33  v s  .30  k g / d ) ,  

t h u s  w e i g h e d  2 .54  kg  l e s s  a t  w e a n i n g  ( 7 0  d ) .  Karam ( 1 9 5 9 )  f o u n d  t h a t  

summer bo rn  l a m b s  i n  an E g y p t i a n  s h e e p  w e r e  .70 kg h e a v i e r  t h a n  w i n t e r  

b o r n  l a m b s  a t  4 mo. H o w e v e r ,  A bde l  A z i s  ( 1 9 7 8 )  i n  a  s t u d y  on  M e r i n o
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f l o c k s  i n  Egypt  i n d i c a t e d  t h a t  t h e  e f f e c t  o f  s e a s o n  on w e a n ing  w e i g h t  

was o p p o s i t e  t o  t h e  e f f e c t  o f  s e a s o n  on b i r t h  w e i g h t .  Lambs bo rn  f rom  

May t o  O c t o b e r  ( s u m m e r )  w e r e  s i g n i f i c a n t l y  h e a v i e r  t h a n  t h o s e  b o r n  

f rom  November t o  A p r i l  ( w i n t e r ) .  They e l u c i d a t e d  t h a t  May t o  Oc tober  

l a m b s  w e r e  b o r n  t o  e w e s  w h i c h  s u f f e r e d  f r o m  u n f a v o r a b l e  c o n d i t i o n s  

e s p e c i a l l y  t h o s e  l a m b s  b o rn  l a t e  i n  t h e  s e ason .  As l a m b s  grew o l d e r ,  

t h e  w e a t h e r  became m i l d  and t h e  l a m b s  and t h e i r  m o t h e r s  had  a c c e s s  t o

new p a s t u r e .

Of a l l  s o u r c e s  o f  v a r i a t i o n  a f f e c t i n g  p o s t n a t a l  g r o w t h ,  b i r t h  

w e i g h t  w a s  t h e  m o s t  i n f l u e n t i a l  ( d e B a c a  e t  a l ,  1 9 56 ;  H a r r i n g t o n  e t  

a l . , 1 9 5 8 ) .  d e B a c a  e t  a l . (  1956)  f o u n d  t h a t  t h e  i n c l u s i o n  o f  b i r t h  

w e i g h t  i n  t h e  m o d e l  r e d u c e d  r e s i d u a l  v a r i a t i o n .  I n  t h i s  p a r t i c u l a r  

s t u d y  th e y  found  an  i n c r e a s e  i n  w e a n in g  w e i g h t  o f  1.14 t o  2.71 kg f o r  

e a c h  .454  kg  i n c r e a s e  i n  b i r t h  w e i g h t .  H a r r i n g t o n  e t  a l . (  1958)  

r e p o r t e d  t h a t  b i r t h  w e i g h t  a c c o u n t e d  f o r  34 t o  44% a n d  23 t o  33% o f  

t h e  v a r i a t i o n  a t  45 a n d  135 d o f  a g e ,  r e s p e c t i v e l y .  They f o u n d  .68  t o  

1 .18  kg  a n d  1.20  t o  1 .36 kg  i n c r e a s e  i n  45 an d  135 d w e i g h t  f o r  

e a c h  .454 kg i n c r e a s e  i n  b i r t h  w e i g h t ,  r e s p e c t i v e l y .  Gjedrem (1967) i n  

a s t u d y  on N orwegian  s h e e p  a l s o  found  t h a t  b i r t h  w e i g h t  s i g n i f i c a n t l y  

a f f e c t e d  I 4 d,  28 d,  42 d and w e a n in g  w e i g h t .  I n  t h i s  p a r t i c u l a r  s t u d y  

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  o f  t h e s e  w e i g h t s  on  b i r t h  w e i g h t  w e r e  

1.49, 1.86, 2 .35,  and 3.40 k g /k g ,  r e s p e c t i v e l y .  F a r i d  and  M acha ra ch ia n

(1978) r e p o r t e d  t h a t  t h e  r e g r e s s i o n  o f  wean ing  w e i g h t  on b i r t h  w e i g h t  

w a s  h i g h l y  s i g n i f i c a n t  (b = 1.42 k g / k g ) ,  b u t  t h e  r e g r e s s i o n  f o r  

p r e w e a n i n g  d a i l y  g a i n  (b = 5.15 g / k g )  was n o t  s i g n i f i c a n t .
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P o s t w e a n i n a  g ro w th .  P o s t w e a n in g  g r o w th ,  a s  i n  p r e w e a n i n g  g ro w th ,  

i s  a l s o  a f f e c t e d  by som e n o n - g e n e t i c  f a c t o r s .  M a v r o g e n i s  a n d  L o u c a

(1979) i n  a  s t u d y  on Aw ass i ,  Cyprus f a t - t a i l e d ,  Ch ios  s h e e p  and t h e i r  

c r o s s e s  a t  10,  15,  a n d  20 wk o f  a g e  a n d  i n  p o s t w e a n i n g  g a i n  f r o m  

w e a n i n g  (5 wk) t o  20 wk o f  a g e  i n d i c a t e d  t h a t  s e x ,  t y p e  o f  b i r t h ,  an d  

b r e e d  w e r e  t h e  m a j o r  f a c t o r s  t h a t  a f f e c t e d  p o s tw e a n i n g  g r o w th .  They 

n o t e d  t h a t  age o f  dam had  no e f f e c t  on p o s t w e a n i n g  g r o w t h  r a t e .  I t  was 

s u g g e s t e d  t h a t  l am b  g r o w t h  p o t e n t i a l  a f t e r  w e a n ing  may be  i n d e p e n d e n t  

o f  m a t e r n a l  e f f e c t s .  No n - s i g n i f i c a n t  e f f e c t s  o f  a g e  o f  dam on 

p o s tw e a n i n g  g r o w t h  r a t e  and  p o s tw e a n i n g  w e i g h t  w ere  a l s o  r e p o r t e d  i n  

s e v e r a l  s t u d i e s  ( C h o p r a  a n d  A c h a r y a ,  19 7 1b; B h a d u l a  a n d  B h a t ,

19 8 0 , 1 9 8 1 ;  A l r a w i  e t  a l . , 1 9 8 2 ) .  H o w e v e r ,  Khan a n d  B h a t  ( 1 9 8 1 )  f o u n d  

t h a t  age o f  dam a f f e c t e d  6 mo w e i g h t ,  b u t  n o t  g ro w th  r a t e  t o  s l a u g h t e r  

and s l a u g h t e r  w e i g h t .

As i n  t h e  c a s e  o f  p o s t n a t a l  g r o w t h ,  s e x  i s  an  i m p o r t a n t  s o u r c e  o f  

v a r i a t i o n  i n  p o s tw e a n i n g  g r o w th .  Ram l a m b s  grow f a s t e r  and  a r e  h e a v i e r  

t h a n  ew e  l a m b s .  B h a d u l a  an d  B h a t  ( 1980)  a n d  A l r a w i  e t  a l .  ( 1 9 8 2 )  

i n d i c a t e d  t h a t  t h e  e f f e c t  o f  sex  became more pronounced  w i t h  a d v a n c in g  

a g e .  H o w e v e r ,  M a r t i n e z  (1 9 8 3 )  r e p o r t e d  t h a t  s e x  h a d  no s i g n i f i c a n t  

e f f e c t  on 6 mo w e i g h t .  D i f f e r e n c e s  o f  3 .3  t o  6 .9  kg  h a v e  b e e n  n o t e d  

f rom  Awass i  sheep  b e tw e e n  ram lam bs  and ewe lam bs  a t  6 mo w e i g h t  (Bhat  

e t  a l . ,  1981 ;  A l r a w i  e t  a l . ,  19 8 2 ) ,  a n d  B h a d u l a  a n d  B h a t  (1 9 8 0 )  f o u n d  

d i f f e r e n c e s  o f  4.1 kg  a n d  8.1 kg  b e t w e e n  r am  and  ewe  l a m b s  o f  I n d i a n  

s h e e p  a t  a g e  o f  6 a n d  9 mo.

With  r e g a r d  t o  t y p e  o f  b i r t h  e f f e c t s ,  M avrogen is  and Louca (1979) 

i n d i c a t e d  t h a t  s i n g l e  l a m b s  w e r e  h e a v i e r  t h a n  t h o s e  f r o m  m u l t i p l e
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b i r t h s ,  b u t  no d i f f e r e n c e s  w e r e  f o u n d  i n  g r o w t h  r a t e  a f t e r  w e a n i n g  

b e t w e e n  l a m b s  f r o m  d i f f e r e n t  s i z e  l i t t e r s .  M a h t i n e z  ( 1 9 8 3 )  f o u n d  

s i m i l a r  r e s u l t s ,  i n  a d d i t i o n  t o  a  s i g n i f i c a n t  b r e e d  e f f e c t .  I n  t h i s  

s t u d y  th e y  found  t h a t  t r i p l e t s  we ighed  85% o f  t h e  w e i g h t  o f  s i n g l e s ,  

and  t w i n s  we ighed  94% o f  s i n g l e s .

S eason  i s  a n o t h e r  s o u r c e  o f  v a r i a t i o n  t h a t  s h o u l d  be c o n s i d e r e d  

i n  p o s t w e a n i n g  g r o w t h .  The e f f e c t  o f  s e a s o n  i n  I n d i a n  s h e e p  w as  

s i m i l a r  t o  t h a t  found  f o r  p o s t n a t a l  g r o w t h .  Lambs b o rn  f rom  March to  

May w e r e  h e a v i e r  t h a n  t h o s e  bo rn  i n  S e p tem b e r  t o  November (M a l ik  and 

A c h a r y a ,  1972b ;  Khan a n d  B h a t ,  1 9 8 1 ) .  H o w e v e r ,  G ou ld  a n d  W h i t e m a n  

(1971) i n d i c a t e d  t h a t  f a l l  bo rn  l am b s  g a i n e d  f a s t e r  a f t e r  wean ing  a t  

70 d o f  a g e  and  r e a c h e d  m a r k e t  w e i g h t  6 d e a r l i e r  t h a n  s p r i n g  b o r n  

lam bs .

Y e a r l i n g  w e i g h t .  Y e a r l i n g  w e i g h t  i s  a n o t h e r  i m p o r t a n t  m easu rem en t  

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

p r o d u c t i o n ,  a n d  i t  i s  t h o u g h t  t o  be  m o r e  c l o s e l y  r e l a t e d  t o  t h o s e  

t r a i t s  t h a n  i s  w e a n in g  w e i g h t .

Y e a r l i n g  w e i g h t ,  a s  w a s  t r u e  f o r  p o s t n a t a l  an d  p o s t w e a n i n g  

g r o w t h ,  a l s o  i s  a f f e c t e d  by n o n - g e n e t i c  f a c t o r s .  S e v e r a l  s t u d i e s  

i n d i c a t e d  t h a t  s e x  i s  t h e  m os t  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  (Chopra 

and Acharya,  1971b; Dass  and Acharya,  1970; M alik  and A charya ,  1972b; 

A l r a w i  e t  a l . , 1 9 8 2 ) .  Some o t h e r  non  g e n e t i c  f a c t o r s  s u c h  a s  t y p e  o f  

b i r t h ,  a n d  y e a r  o f  b i r t h  a l s o  a f f e c t  y e a r l i n g  w e i g h t  ( -Karam, 1959;  

M a l ik  and  Acharya,  1972b; A l r a w i  e t  a l . ,  1982).

C h o p r a  a n d  A c h a r y a  ( 1 9 7 1 b )  i n  a  s t u d y  on  I n d i a n  s h e e p  i n d i c a t e d  

t h a t  y e a r l i n g  r a m s  w e ighe d  10.5 kg m ore ,  which  was a b o u t  40% h e a v i e r ,
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t h a n  y e a r l i n g  ewes .  Karam (1959) i n  an  E g y p t i a n  s h e e p  s t u d y  i n d i c a t e d  

t h a t  y e a r l i n g  r am s  w ere  a p p r o x i m a t e l y  5 kg h e a v i e r  t h a n  y e a r l i n g  ewes.  

S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  by A l r a w i  e t  a l  ( 1 9 8 2 )  who f o u n d  

d i f f e r e n c e s  o f  4 kg .  A b d e l  A z i s  e t  a l .  ( 1 9 7 8 ) ,  h o w e v e r ,  i n  a  s t u d y  on 

a  M e r i n o  f l o c k  u n d e r  E g y p t i a n  c o n d i t i o n s  f o u n d  t h a t  y e a r l i n g  r a m s  

we ighed  a l m o s t  t h e  same a s  y e a r l i n g  ewes  (33.0 v s  32.9 kg) .

Type o f  b i r t h  i s  a n o t h e r  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n .  P h i l l i p s  

e t  a l .  (1940)  i n  a  s t u d y  on R a m b o u i l l e t  and C o r r i e d a l e  i n d i c a t e d  t h a t  

s i n g l e s  a r e  h e a v i e r  t h a n  t w i n  on a v e r a g e  t h r o u g h o u t  t h e  f i r s t  y e a r .  

H a z e l  a n d  T e r r i l l  ( 1 9 4 6 a )  i n  a s t u d y  o f  y e a r l i n g  e w e s  f o u n d  t h a t  

s i n g l e  l a m b s  w e r e  2 .7 2  kg  a n d  .23  kg  h e a v i e r  t h a n  t w i n s  a n d  t w i n s  

r a i s e d  a s  s i n g l e s ,  r e s p e c t i v e l y ^  Karam (1959)  and  A l raw i  e t  a l .  (1982) 

found  s m a l l  d i f f e r e n c e s  b e tw e en  s i n g l e s  and t w i n s  a t  o n e - y e a r  o f  age,  

b u t  t h e  d i f f e r e n c e s  w e r e  s i g n i f i c a n t  ( . 9 3  k g  a n d  1.6  k g ,  

r e s p e c t i v e l y ) .  A b d e l  A z i s  e t  a l .  ( 1 9 7 8 )  f o u n d  t h a t  t y p e  o f  b i r t h  h a d  

no e f f e c t  on y e a r l i n g  w e i g h t .

Year  d i f f e r e n c e s  i n  y e a r l i n g  w e i g h t  r e f l e c t  v a r i a t i o n  i n  f e e d i n g  

and d i s e a s e  c o n d i t i o n  a s  w e l l  a s  d i f f e r e n c e s  i n  g e n e t i c  c o m p o s i t i o n  o f  

t h e  f l o c k .  H a z e l  an d  T e r r i l l  ( 1 9 4 6 )  i n  t w o  y e a r s  s t u d y  f o u n d  a 

d i f f e r e n c e  o f  3 .1 3  kg .  Karam (1 9 5 9 )  i n  a n  1 1 - y r  s t u d y  f o u n d  t h a t  

y e a r l i n g  w e i g h t  f l u c t u a t e d  f r o m  29 kg  t o  41 .8  kg .  On t h e  o t h e r  h a n d  

Abdel A z is  e t  a l .  (1978) ,  i n  a  3 - y r  s t u d y ,  found  t h a t  y e a r l i n g  w e i g h t  

f l u c t u a t e d  f rom  32.2 t o  34.4 kg.

M a l ik  and  Acha rya  (1972b) i n d i c a t e d  t h a t  s e a s o n  o f  b i r t h  e f f e c t s  

on  y e a r l i n g  w e i g h t  a n d  p r e -  a n d  p o s t - w e a n i n g  g r o w t h  w e r e  s i m i l a r .  

Lambs bo rn  i n  March t o  A p r i l  were  h e a v i e r  t h a n  t h o s e  b o r n  i n  S e p tem b e r
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t o  O c tobe r .  S i m i l a r  r e s u l t s  w e re  r e p o r t e d  by d e F i g u i r e d o  e t  a l .  (1983) 

i n  a  s t u d y  on B r a z i l i a n  h a i r  s h e e p ,  i n  w h i c h  i t  w a s  f o u n d  t h a t  l a m b s  

bo rn  d u r i n g  t h e  d ry  s e a s o n  c o n s i s t e n t l y  w e re  l i g h t e r  t h a n  t h o s e  bo rn  

d u r i n g  t h e  r a i n y  s e as o n .  These d i f f e r e n c e s  t e n d e d  t o  d e c r e a s e  f rom  100 

t o  360  d o f  a g e .  I n  t h i s  p a r t i c u l a r  s t u d y  t h e y  f o u n d  d i f f e r e n c e s  due  

t o  s e a s o n  o f  2 .7  kg  a t  100 d an d  T k g  a t  3 6 0  d o f  a g e .  H o w e v e r ,  Karam 

(1959) found  an o p p o s i t e  e f f e c t  o f  s e a s o n  o f  b i r t h  on y e a r l i n g  w e i g h t  

a s  compared  t o  w e a n ing  w e i g h t .  He found  t h a t  l am bs  bo rn  d u r i n g  w i n t e r  

s e a s o n  w e i g h e d  s l i g h t l y  b u t  n o t  s i g n i f i c a n t l y  m o re  t h a n  t h o s e  b o r n  

d u r i n g  t h e  s u m m e r .  I n  t h i s  s t u d y  h e  f o u n d  t h a t  s u m m e r  b o r n  l a m b s  a t  

w e a n i n g  w e i g h e d  19.6 k g ,  w h i l e  w i n t e r  b o r n  l a m b s  w e i g h e d  18.9 kg. 

However ,  a t  y e a r l i n g  age  he  found  t h a t  summer born  l a m b s  we ighed  35.5 

kg  a n d  w i n t e r  b o r n  l a m b s  36.1 kg .  He e l u c i d a t e d  t h a t  t h e  d i f f e r e n c e s  

w e r e  du e  t o  t h e  d i f f e r e n c e s  i n  f e e d  a v a i l a b i l i t y  f r o m  w e a n i n g  t o  

y e a r l i n g  age.

ElasnafcKBiB__ B a n B S i a i i a B s . l t  i s  i m p o r t a n t  t o  know t h e  d e g r e e  o f

a s s o c i a t i o n  be tw e en  g r o w t h  t r a i t s .  F a r i d  and  M a cha ra ch ia n  (1978) i n  a 

s t u d y  on I r a n i a n  f a t - t a i l e d  s h e e p  r e p o r t e d  h i g h l y  s i g n i f i c a n t  

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

p r e w e a n i n g  d a i l y  g a i n ,  body w e i g h t  a t  f e e d l o t  and t o t a l  f e e d l o t  d a i l y  

g a i n .  The c o r r e l a t i o n  c o e f f i c i e n t s  w e r e  .4 5 ,  . 2 8 ,  .48  a n d  .2 3 ,  

r e s p e c t i v e l y .  H igh ly  s i g n i f i c a n t  c o r r e l a t i o n s  be tw e en  w e a n in g  w e i g h t  

a n d  s u b s e q u e n t  w e i g h t s  i n  t h e  f e e d l o t ,  w e r e  a l s o  f o u n d  r a n g i n g  

f r o m  .4 8  t o  . 9 5 .

S h e l t o n  (1964a)  a l s o  found  h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  be tw e en  

b i r t h  w e i g h t ,  r a t e  o f  g a i n  t o  120 d and y e a r l i n g  w e i g h t .  C o r r e l a t i o n s
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r a n g e d  f r o m  .48  t o  . 98 .

D a s s  a n d  A c h a r y a  ( 1 9 7 0 ) ,  m o s t l y  f o u n d  s i g n i f i c a n t ,  p o s i t i v e  

c o r r e l a t i o n s  b e t w e e n  b i r t h  w e i g h t ,  g a i n  i n  t h e  f i r s t  m o n t h ,  g a i n  i n  

t h e  s e c o n d  m o n t h ,  g a i n  i n  t h e  t h i r d  m o n t h ,  g a i n  i n  t h e  f o u r t h  m o n th ,  

w e a n in g  w e i g h t  and y e a r l i n g  w e i g h t .  The c o r r e l a t i o n s  r a n g e d  f ro m  .001 

t o  . 6 9 ,  w i t h  t h e  l o w  a nd  n o n - s i g n i f i c a n t  c o r r e l a t i o n s  b e t w e e n  b i r t h  

w e i g h t  a n d  g a i n  i n  t h e  f o u r t h  m o n t h  ( r  = . 0 0 1 ) ,  g a i n  i n  t h e  t h i r d  

m o n th  ( r  = .04 )  a n d  y e a r l i n g  w e i g h t  ( r  = . 0 7 ) .

M avrogen i s  e t  a l .  (1980) found  p o s i t i v e  c o r r e l a t i o n s  among b i r t h  

w e i g h t ,  w e a n i n g  w e i g h t ,  4 d i f f e r e n t  w e i g h t s  up  t o  20 wk, d a i l y  g a i n  

f rom b i r t h  t o  w e a n ing  and  d a i l y  g a i n  f rom  wean ing  t o  20 wk o f  age.  The 

c o e f f i c i e n t s  o f  c o r r e l a t i o n  w e r e  i n  t h e  r a n g e  f r o m  v e r y  low  t o  h i g h  

( . 0 8  t o  . 92). I n  t h i s  p a r t i c u l a r  s t u d y  t h e  l o w e s t  c o r r e l a t i o n  w a s  

b e tw e e n  b i r t h  w e i g h t  and a v e r a g e  d a i l y  g a i n  from w ean ing  t o  20 wk o f  

a g e  ( r  = . 0 8 ) ,  f o l l o w e d  by w e i g h t  a t  5 wk a nd  g a i n  f r o m  w e a n i n g  t o  20 

wk o f  age ( r  = .13) ,  b i r t h  w e i g h t  and d a i l y  g a i n  f rom w e a n ing  t o  20 wk 

o f  a g e  ( r  = . 1 5 )  an d  b e t w e e n  b i r t h  w e i g h t  a nd  g a i n  f r o m  b i r t h  t o  

w e a n i n g  ( r  = . 1 8 ) .

High p h e n o t y p i c  c o r r e l a t i o n s  b e tw e e n  b i r t h  w e i g h t  and s u b s e q u e n t  

w e i g h t s  w e r e  r e p o r t e d  by M a r t i n  e t  a l .  ( 1 9 8 0 )  i n  a  s y n t h e t i c  l i n e  o f  

s h e e p .  The  c o r r e l a t i o n s  r a n g e d  f r o m  . 4 3  t o  . 8 3 . S i m i l a r  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 s  among b i r t h  w e i g h t  and s u b s e q u e n t  w e i g h t s  up 

t o  w e a n ing  w e r e  a l s o  r e p o r t e d  by Gjedrem (1967) i n  N orw eg ian  sheep .  I n  

t h i s  p a r t i c u l a r  s tu d y  he  found  a  c o r r e l a t i o n  r a n g i n g  f ro m  .29 t o  .90, 

w i t h  t h e  l o w e s t  b e tw e e n  b i r t h  w e i g h t  and w ean ing  w e i g h t ,

Ragab  e t  a l .  ( 1 9 5 3 ) ,  a l s o  f o u n d  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 s
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b e t w e e n  b i r t h  w e i g h t ,  w e a n i n g  w e i g h t  a n d  m a r k e t i n g  w e i g h t .  The 

c o r r e l a t i o n  r a n g e d  f r o m  .48  t o  ; 8 6 ,  w i t h  t h e  l o w e s t  b e t w e e n  b i r t h  

w e i g h t  and m a r k e t i n g  w e i g h t .

Low e s t i m a t e s  o f  p h e n o t y p i c  c o r r e l a t i o n  were  r e p o r t e d  by Karam 

(1959) among b i r t h  w e i g h t ,  w e a n ing  w e i g h t  and y e a r l i n g  w e i g h t .  I n  t h i s  

s t u d y  t h e  c o r r e l a t i o n  r a n g e d  f rom .21 t o  .32 w i t h  t h e  l o w e s t  be tw een  

b i r t h  w e i g h t  and y e a r l i n g  w e i g h t .

S i m i l a r  low  e s t i m a t e s  o f  p h e n o t y p i c  c o r r e l a t i o n s  w e r e  a l s o  

r e p o r t e d  by Khan and B ha t  (1981) b e tw e en  b i r t h  w e i g h t  and  6 mo w e i g h t  

and  s l a u g h t e r  w e i g h t .  The c o r r e l a t i o n  r a n g e d  f rom .02 t o  .16*

G e n e t i c  c o r r e l a t i o n .  M avrogen is  e t  a l .  (1980) r e p o r t e d  t h a t  t h e  

g e n e t i c  c o r r e l a t i o n  b e t w e e n  b i r t h  w e i g h t  a n d  s u b s e q u e n t  w e i g h t  an d  

g a i n  w e r e  l o w  ( r g = .16 t o  . 2 1 ) .  I n  t h i s  p a r t i c u l a r  s t u d y  t h e y  a l s o  

f o u n d  l o w  g e n e t i c  c o r r e l a t i o n  b e t w e e n  r e m a i n i n g  w e i g h t s  a n d  g a i n s  

( r g = .19  t o  . 2 5 ) .  C h o p r a  a n d  A c h a r y a  ( 1 9 7 1 a )  e s t i m a t e d  t h e  g e n e t i c  

c o r r e l a t i o n  b e tw e en  b i r t h  w e i g h t  and w e a n in g  w e i g h t  t o  be .10.

However ,  c o n s i s t e n t l y  h i g h  g e n e t i c  c o r r e l a t i o n  among w e i g h t s  a t  

d i f f e r e n t  a g e s  w e r e  r e p o r t e d  by G j e d r e m  (1967 )  a n d  M a r t i n  e t  a l .

( 1 9 8 0 )  .42  t o  .97  a n d  .62  t o  L 0 4 ,  r e s p e c t i v e l y .  A l r a w i  e t  a l .  ( 1982)  

a l s o  f o u n d  c o n s i s t e n t l y  h i g h  g e n e t i c  c o r r e l a t i o n  a m ong  p r e w e a n i n g  

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

r a n g e  o f  .46  t o  . 7 1 .  T h r i f t  e t  a l .  ( 1 9 7 3 )  a l s o  r e p o r t e d  h i g h  g e n e t i c  

c o r r e l a t i o n s  b e tw e e n  w e i g h t  and, g a i n  ( r g = .40 t o  .98) ,  how ever ,  some 

c o r r e l a t i o n s  w e re  n e g a t i v e  ( r g = 4 t o  - . 8 1 ) .

H e r i t a b i l i t i e s  o f  g r o w t h  c h a r a c t e r s .  Ne l son  and  V enka tacha lam  

( 1 9 4 9 )  i n  a  s t u d y  o f  5 b r e e d s  r e p o r t e d  t h e  h e r i t a b i l i t i e s  o f  b i r t h
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w e i g h t  a n d  w e a n i n g  w e i g h t  a s  .61 an d  .33  r e s p e c t i v e l y .  Ragab  e t  a l .  

( 1 9 5 3 )  i n  a  s t u d y  o n  O s s i m i  s h e e p  r e p o r t e d  e s t i m a t e s  o f  t h e  

h e r i t a b i l i t i e s  o f  b i r t h  w e i g h t  ( .3%),  w e a n i n g  w e i g h t  ( . 1 0 )  a n d  

m a r k e t i n g  w e i g h t  ( . 2 9 ) .  H a z e l  a n d  T e r r i l l  ( 1 9 4 6 b )  i n  a  s t u d y  on 

w e a n i n g  t r a i t s  o f  r a n g e  s h e e p  r e p o r t e d  .1 7  a s  t h e  h e r i t a b i l i t y  o f  

w e a n i n g  w e i g h t .  B l a c k w e l l  a n d  H e n d e r s o n  ( 1 9 5 5 ) ,  i n  a  s t u d y  on 4 

b r e e d s  o f  . sheep  u n d e r  f a r m  f l o c k  c o n d i t i o n s  found  t h e  h e r i t a b i l i t y  o f  

b i r t h  w e i g h t  a n d  w e a n i n g  w e i g h t  o f  .33  a n d  . 0 7 ,  r e s p e c t i v e l y .  Karam 

(1959) r e p o r t e d  t h e  h e r i t a b i l i t i e s  o f  b i r t h  w e i g h t  and w e a n ing  w e i g h t  

o f  Rahm ani  s h e e p  t o  be  .16  a n d  . 1 8 ,  r e s p e c t i v e l y .  C h o p r a  a n d  A c h a r y a  

(1971a) r e p o r t e d  t h e  h e r i t a b i l i t i e s  o f  b i r t h  w e i g h t  and w e a n in g  w e i g h t  

o f  .10  a n d  . 2 2 ,  r e s p e c t i v e l y .

B i c h a r d  and Y a l c i n  (1964) i n  a s t u d y  o f  h e r i t a b i l i t y  o f  w e i g h t  o f  

c r o s s b r e d  l a m b  f r o m  b i r t h  t o  15 wk o f  w e i g h t  f o u n d  t h a t  t h e  

h e r i t a b i l i t i e s  w e r e  l o w ,  r a n g i n g  f r o m  .02  t o  . 1 0 .  G j e d r e m  ( 1 9 6 7 )  

e s t i m a t e d  t h e  h e r i t a b i l i t i e s  o f  w e i g h t  a t  b i r t h ,  14 d,  28 d,  42 d, and 

w e a n i n g  w e i g h t  a s  t r a i t s  o f  l a m b  t o  b e  . 1 2 ,  . 1 2 ,  . 1 2 ,  . 1 3 ,  an d  . 1 8 ,  

r e s p e c t i v e l y .  When t h e  h e r i t a b i l i t i e s  w e r e  c l a s s i f i e d  a s  

c h a r a c t e r i s t i c s  o f  dam, h e  r e p o r t e d  v a l u e s  o f  . 1 7 ,  . 2 1 ,  . 2 2 ,  . 2 0 ,  

a n d  . 1 2 ,  r e s p e c t i v e l y .  M a r t i n  e t  a l .  ( 1 9 8 0 )  e s t i m a t e d  t h e  

h e r i t a b i l i t i e s  o f  w e i g h t  a t  b i r t h ,  4 wk, 8wk, 12 wk, and 16 wk, based  

on  p a t e r n a l  h a l f  s i b  a n a l y s i s  t o  b e  . 1 7 ,  . 2 4 ,  . 2 2 ,  . 2 3 ,  . 2 3 , 

r e s p e c t i v e l y .  When t h e  e s t i m a t e s  w e r e  b a s e d  on  t h e  r e g r e s s i o n  o f  

o f f s p r i n g  on dam, t h e  h e r i t a b i l i t i e s  w e r e  .24 ,  . 2 0 ,  . 1 8 ,  .2 3 ,  .2 8 ,  

r e s p e c t i v e l y .
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M a v r o g e n i s  e t  a l .  ( 1 9 8 0 ) ,  on t h e  o t h e r  h a n d ,  i n  a  s t u d y  on C h i o s  

s h e e p  r e p o r t e d  t h e  h e r i t a b i l i t i e s  o f  b i r t h  w e i g h t ,  w e a n i n g  w e i g h t  

(35+2 d ) ,  body  w e i g h t  a t  5 wk, 10 wk, 20  wk, a v e r a g e  d a i l y  g a i n  f r o m  

b i r t h  t o  w e a n in g  and a v e r a g e  d a i l y  g a i n  f ro m  wean ing  t o  20 wk o f  age  

t o  be  .13» . 3 6 ,  . 3 4 ,  .63» . 6 6 ,  .35» a n d  . 5 6 ,  r e s p e c t i v e l y .  T h i s  

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

p r e w e a n i n g  g ro w th .  However , Dass  and Acharya  (1970) who e s t i m a t e d  t h e  

h e r i t a b i l i t i e s  o f  b i r t h  w e i g h t ,  g a i n s  a t  t h e  f i r s t ,  s e cond ,  t h i r d  and 

f o u r t h  m o n t h s  a n d  w e a n i n g  w e i g h t  f o u n d  e s t i m a t e s  o f  .45» . 1 2 ,  . 3 3 ,  

1 .11 ,  . 6 7 ,  a n d  . 6 8 ,  r e s p e c t i v e l y .  T h r i f t  e t  a l .  ( 1973)  i n  a  s t u d y  o f  

some c r o s s b r e d s  found  t h e  h e r i t a b i l i t i e s  o f  b i r t h  w e i g h t ,  g a i n  from 

b i r t h  t o  w e a n i n g  (70  d ) ,  w e i g h t  a t  70 d,  g a i n  f r o m  w e a n i n g  t o  m a r k e t  

w e i g h t  a n d  m a r k e t  w e i g h t  o f  . 1 0 ,  . 0 9 ,  .10» . 2 3 ,  . 2 1 ,  r e s p e c t i v e l y .  

H e r i t a b i l i t y  o f  . 1 4 ,  . 7 3 ,  .29  w a s  f o u n d  f o r  b i r t h  w e i g h t ,  w e a n i n g  

w e i g h t  and g a i n  from b i r t h  t o  w ean ing  (A l r a w i  e t  a l . ,  1982).

E r c a n b r a c k  a n d . P r i c e  ( 1 9 7 2 ) ,  i n  a  s t u d y  o n  C r o s s b r e d s ,  

R a m b o u i l l e t s ,  T a rghees  and Columb i a s ,  r e p o r t e d  h e r i t a b i l i t i e s  o f  b i r t h  

w e i g h t ,  w e a n i n g  w e i g h t ,  a v e r a g e  d a i l y  g a i n  f r o m  b i r t h  t o  w e a n i n g  

o f  .12  t o  . 3 1 ,  .15  t o  . 4 5 ,  an d  .14  t o  . 3 9 ,  r e s p e c t i v e l y .

Osman a n d  B r a d f o r d  ( 1 9 6 5 ) ,  h o w e v e r ,  i n  a  s t u d y  o f  tw o  d i f f e r e n t  

e n v i r o n m e n t s  ( h i g h  l e v e l  f l o c k  m a n a g e m e n t  a n d  l o w  l e v e l  f l o c k  

management)  found  t h e  h e r i t a b i l i t i e s  o f  b i r t h  w e i g h t  and 120 d w e i g h t  

o f  . 4 5  an d  .4 0  i n  h i g h  m a n a g e m e n t  f l o c k  an d  . 1 9  a n d  . 1 9  i n  low  

management  f l o c k .

T h i s  r e v i e w  s u g g e s t s  t h a t  g e n e t i c  v a r i a t i o n  w a s  i n f l u e n c e d  by 

b r e e d ,  method  o f  e s t i m a t i o n  and management .
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F a c to r s  a s s o c ia t e d  w ith  ew e p er fo rm a n ce s

Economic r e t u r n s  - in  sheep  p r o d u c t i o n  a r e  s t r o n g l y  r e l a t e d  t o  t h e  

f r e q u e n c y '  and number o f  l a m b s  bo rn  ( D ic k e r s o n  e t  a l . ,  1972) , w e i g h t  of  

l am b s  weaned and t o  o t h e r  m e a s u r e s  o f  r e p r o d u c t i v e  e f f i c i e n c y  ( S i d w e l l  

a n d  M i l l e r ,  1 9 7 1 a ) .  S e v e r a l  g e n e t i c  a n d  n o n g e n e t i q  f a c t o r s  a f f e c t  

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

e n a b l e  t h e  p r o d u c e r  t o  manage t h e  i n f l u e n c e s  wh ich  r e d u c e  r e p r o d u c t i v e

e f f i c i e n c y .

L i t t e r __ R eeve  and  R o b e r t s o n  (1953) r e v i e w e d  f a c t o r s  t h a t

i n f l u e n c e d  m u l t i p l e  b i r t h s  i n  s h e e p  an d  c o n c l u d e d  t h a t  n o n - g e n e t i c  

f a c t o r s  such  a s  age o f  ewe,  e a r l i n e s s  o f  l am b in g ,  body w e i g h t  o f  ewes 

an d  l e v e l  o f  n u t r i t i o n  p r i o r  t o  a t  m a t i n g  h a d  p r o f o u n d  e f f e c t  on 

f r e q u e n c y  o f  , m u l t i p l e  b i r t h s .  They a l s o  c o n c lu d e d  f rom t h e  a v a i l a b l e  

e v i d e n c e  t h a t  t h e r e  m i g h t  be b r e e d  d i f f e r e n c e s  i n  i n c i d e n c e  o f  

m u l t i p l e  b i r t h s ,  b u t  t h e  g e n e t i c  f r a c t i o n  o f  i n d i v i d u a l  v a r i a t i o n  was 

s m a l l .

With r e g a r d  t o  t h e  e f f e c t  age  o f  ewe, most  s t u d i e s  t h a t  cove r  a 

w i d e  r a n g e  o f  b r e e d s  i n  many d i f f e r e n t  c o u n t r i e s , _ show a  s i m i l a r  

p a t t e r n  of  a  r i s e  w i t h  age o f  ewe t o  a  maximum f o l l o w e d  by a f a l l  f o r  

n u m b e r  b o r n ,  n u m b e r  w e a n e d ,  e w e s  l a m b i n g  p e r  ewe j o i n e d ,  an d  l a m b s  

w e a n e d  p e r  l a m b  b o r n  ( T u r n e r ,  I 9 6 9 ) .  L i t t e r  s i z e  o r  n u m b e r  o f  l a m b s  

b o r n  p e r  ewe l a m b i n g  a l s o  i n c r e a s e s  w i t h  a g e  o f  ewe t o  a maximum a t  

a g e  o f  4 t o  8 y r  a nd  t h e n  d e c l i n e s ,  b u t  s o m e t i m e s  o n l y  v e r y  s l i g h t l y  

(Reeve and R o b e r t s o n ,  1953» B e l l e ,  1954; Ragab and  Asker ,  1957; Karam, 

1957; Y a l c i n  and B i c h a r d ,  1964; F o r r e s t  and B i c h a r d ,  1974a; R o t t e n s e n
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and Ampy, 1971; Maij a l a ,  1967; Arnold  and C h a r l i c k ,  1980; Amir e t  a l . ,  

1981). Mason (1980) i n  a  s t u d y  on I n d o n e s i a n  sheep ,  how ever ,  r e p o r t e d  

t h a t  l i t t e r  s i z e  i n c r e a s e d  up t o  t h e  t h i r d  p a r t u r i t i o n  b u t  l i t t l e  

t h e r e a f t e r .  T u r n e r  ( 1 9 6 9 )  e x p l a i n e d  t h a t  i n  f l o c k s  w i t h  a  h i g h  

a v e r a g e  l e v e l  o f  r e p r o d u c t i o n ,  ewes  r e a c h  t h e i r  maximum p e r f o r m a n c e s  

and s t a r t  t o  d e c l i n e  a t  an e a r l i e r  age  t h a n  i n  f l o c k s  w i t h  low a v e ra g e  

l e v e l .

R eeve  a n d  R o b e r t s o n  (,1953) c o n c l u d e d  t h a t  maximum r a t e  o f  

t w i n n i n g  w a s  i n  t h e  m i d d l e  r a t h e r  t h a n  a t  b e g i n n i n g  o f  t h e  l a m b i n g  

s e as o n .  L a t e r  s t u d i e s  a l s o  showed s i m i l a r  r e s u l t s  (Ragab and Asker ,  

1954;  K a ra m ,  1957;  M a i j a l a ,  1967 ;  Land  e t  a l . ,  196 9 ;  G l i m p ,  1971;  

Tempez and Boaz , 1973; Amir e t  a l . ,  1981).

M a r t i n e z  ( 1983)  i n  a  s t u d y  on h a i r  s h e e p  ( t r o p i c a l  b r e e d )  t h a t  

c o u l d  l a m b  y e a r  a r o u n d  u n d e r  t r o p i c a l  c o n d i t i o n s  i n  V e n e z u e la  found 

t h a t  l i t t e r  s i z e  w a s  h i g h e r  d u r i n g  t h e  r a i n y  s e a s o n  t h a n  i n  t h e  d r y  

s e a s o n .  S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  by B r a d f o r d  e t  a l .  ( 1 9 8 3 )  f o r  

B a r b a d o s  B l a c k b e l l y  i n  B a r b a d o s .  They f o u n d  t h e  s m a l l e s t  s e a s o n a l  

l i t t e r  s i z e  f o l l o w e d  m a t i n g  d u r i n g  t h e  d r y  s e a s o n ,  w i t h  t h e  l a r g e s t  

s i z e  f o l l o w i n g  m a t i n g  d u r i n g  t h e  e a r l i e r  p a r t  o f  t h e  w e t  s e a s o n ,  which 

p r o b a b l y  r e p r e s e n t e d  a f l u s h i n g  e f f e c t .  They a l s o  found  no e v id e n c e  of  

r e d u c e d  l i t t e r  s i z e  d u e  t o  o u t - o f - s e a s o n  m a t i n g  w h i c h  w a s  

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

r e l a t i v e l y  l o n g  b r e e d i n g  s e as o n .  S i m i l a r  r e s u l t s  were a l s o  r e p o r t e d  by 

S t a g n a r o  (1 9 8 3 )  i n  a s t u d y  o f  W e s t  A f r i c a n  an d  C r i o l l o  s h e e p  i n  

V enezue la .  R e p r o d u c t i v e  p e r f o r m a n c e  was much h i g h e r  f o r  m a t i n g s  i n  t h e  

r a i n y  s e a s o n  t h a n  t h o s e  i n  d r y  s e a s o n .  U n d e r  t e m p e r a t e  c o n d i t i o n s
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( C a l i f o r n i a ) ,  h a i r  sh e ep  (Barbados  B l a c k b e l l y )  a l s o  d e m o n s t r a t e d  y e a r  

a r o u n d  l a m b i n g ;  h o w e v e r ,  t h e  g r e a t e s t  f r e q u e n c y  w a s  i n  s p r i n g  an d  

w i n t e r .  L i t t e r  s i z e ,  a v e r a g i n g  1.53 i n  f i r s t  l a m b in g  ewes  and 2 .1 1 i n  

l a t e r  l a m b i n g s ,  was h i g h e r  i n  w i n t e r  (L ev ine  and S p u r l o c k ,  1983).

There i s  e v id e n c e  i n  m os t  s t u d i e s  t h a t  l i t t e r  s i z e  i n c r e a s e s  w i t h  

i n c r e a s i n g  body  w e i g h t .  K i l l e n  ( 1 9 6 7 )  s t u d y i n g  B o r d e r  L e i c e s t e r  x 

Merino ewes  i n d i c a t e d  t h a t  ewes w i t h  h i g h e r  body w e i g h t  a t  m a t i n g  had 

t h e  h i g h e r  o v u l a t i o n  r a t e .  T h i s  s u g g e s t e d  t h a t  ewe w i t h  h i g h e r  body 

w e i g h t  s h o u ld  have  l a r g e r  l i t t e r  s i z e .  S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  

by Gunn a n d  Doney ( 1 9 7 9 )  who f o u n d  i n  C h e v i o t  h i l l  c o u n t r y  t h a t  

p o t e n t i a l  o f  l a m b i n g  r a t e  i n c r e a s e d  by i n c r e a s i n g  body  c o n d i t i o n .  

W i e n e r  ( 1 9 6 7 )  i n  a s t u d y  o f  f i v e  B r i t i s h  b r e e d s ,  r e p o r t e d  t h a t  t h e  

e w e s  w i t h  m u l t i p l e  b i r t h  a t  f i r s t  l a m b i n g  w e i g h e d  2 .2  k g  h e a v i e r  a t  

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

( 1 9 7 2 )  i n  a  s t u d y  on  19 b r e e d  g r o u p s  r e p o r t e d  h i g h l y  s i g n i f i c a n t  

e f f e c t s  o f  ewe  w e i g h t  a t  b r e e d i n g  on  l a m b s  b o r n  p e r  ewe e x p o s e d  a nd  

p e r c e n t  l a m b s  b o r n  p e r  ewe l a m b i n g .  T h e r e  w as  a n  i n c r e a s e  o f  1% i n  

n u m b e r  o f  l a m b s  b o r n  p e r  2 . 8 ,  3 .2  kg  i n c r e a s e  i n  ew e  w e i g h t  a t  

b r e e d i n g ,  r e s p e c t i v e l y .  Recen t  s t u d y  by A t k i n s  (1980b) i n  5 A u s t r a l i a n  

b r e e d s  d e m o n s t r a t e d  t h a t  an i n c r e a s e  o f  5 kg body w e i g h t  a t  b r e e d i n g  

w o u l d  i n c r e a s e  e w e s  l a m b i n g  p e r  ewe  j o i n e d  by 2.6% a n d  e w e s  b e a r i n g  

m u l t i p l e s  p e r  ewe l a m b in g  by 7.3%. Th i s  r e p r e s e n t e d  an i n c r e a s e  o f  9% 

i n  l a m b s  b o r n  p e r  ewe  j o i n e d  f o r  a  5 kg  i n c r e a s e  i n  body  w e i g h t  a t  

b r e e d i n g .  S t a g n a r o  ( 1 9 8 3 )  i n  a s t u d y  on  h a i r  s h e e p  a l s o  f o u n d  t h a t  

ewes  which  were  h e a v i e r  a t  f i r s t  s e r v i c e  had h i g h e r  l a m b i n g  r a t e s .  In  

t h i s  p a r t i c u l a r  s t u d y  h e  f o u n d  l i t t e r  s i z e  o f  1.13 a n d  l a m b i n g  r a t e
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o f  ,93 f o r  s h e e p  w e i g h i n g  m o r e  t h a n  26 kg  a n d  l i t t e r  s i z e  o f  1.06 and  

l a m b i n g  r a t e  o f  .67  f o r  ewe  w i t h  w e i g h t  l e s s  t h a n  1,8 kg .  The 

d i f f e r e n c e s  w e re  s i g n i f i c a n t .

R eeve  a n d  R o b e r t s o n  ( 1 9 5 3 )  i n  r e v i e w i n g  f l u s h i n g  e f f e c t  on 

m u l t i p l e  b i r t h  c o n c lu d e d  tha t ,  l e v e l  o f  n u t r i t i o n  a t  o r  b e f o r e  m a t i n g  

and changes  i n  t h e  l e v e l  o f  n u t r i t i o n  may have  c o n s i d e r a b l e  e f f e c t  on 

f r e q u e n c y  o f  m u l t i p l e  b i r t h s .  K i l l e n  (1967) found  t h a t  a  h i g h  l e v e l  o f  

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

ewes ,  and t h e  e f f e c t  was i n d e p e n d e n t  o f  t h e  e f f e c t  o f  body w e i g h t  a t  

m a t i n g .  H o w e v e r ,  Coop (1966 )  i n  a  s t u d y  o f  B o r d e r  L e i c e s t e r  x Romney 

ewes c r o s s e d  w i t h  Southdown r a m s  found  t h a t  e w e s . w i t h  h i g h  l i v e  w e i g h t  

i n  t h e  p r e b r e e d i n g  f l u s h i n g  p e r i o d  h a d  h i g h e r  t w i n n i n g  r a t e s  t h a n  

t h o s e  o f  low w e i g h t .  The t w i n n i n g  re s p o n s e ,  to. h i g h e r  l i v e  w e i g h t  was 

6/6 p e r  4.5% kg w e i g h t  d i f f e r e n c e .

Evidence  o f  b r e e d  d i f f e r e n c e s  i n  l i t t e r  s i z e  h a s  been  r e v i e w e d  by 

B r a d f o r d  ( 19 7 2 b ) .  B a s e d  on s t u d i e s  o f  p r o l i f i c  a n d  l e s s  p r o l i f i c  

b r e e d s  unde r  t e m p e r a t e  r e g i o n  c o n d i t i o n s  he  c o n c lu d e d  t h a t  b r e e d  means 

r a n g e d  f rom  l i t t l e  above one t o  above t h r e e ,  and d i f f e r e n c e s  be tw een  

b r e e d s  u n d e r  u n i f o r m  e n v i r o n m e n t a l  c o n d i t i o n s  e x c e e d e d  a  t w o - f o l d  

r a n g e .

There i s  a  p a u c i t y  o f  i n f o r m a t i o n  c o n c e r n i n g  b r e e d  c o m p a r i s o n s  o f
I

t r o p i c a l  b r e e d  under  t h e  same e n v i r o n m e n t .  Maule (1977)  who r e p o r t e d  

t h e  s t u d y  o f  B o d i s c o  e t  a l .  ( 1 9 7 3 )  i n  V e n e z u e l a , i n d i c a t e d  t h a t  t h e r e  

w e r e  l i t t e r  s i z e  d i f f e r e n c e s  among  t h e  h a i r  s h e e p  b r e e d s ,  B a r b a d o s  

B l a c k b e l l y ,  W es t  A f r i c a n  an d  C r i o l l o .  The a v e r a g e  l i t t e r  s i z e s  w e r e  

! . 1JS, 1 .43 ,  a n d  1 .13 ,  r e s p e c t i v e l y .  R e c e n t  s t u d y  o f  l i t t e r  s i z e  i n

V A J-  -il’l* "1 'f*  IUU «>, v Hm 11' .  W , ,  • - . V / « , , v-n
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h a i r  sh e ep  i n  d i f f e r e n t  t r o p i c a l  l o c a t i o n s  was r e v i e w e d  by F i t z h u g h  

an d  B r a d f o r d  ( 1 9 8 3 )  and  a su m m a ry  i s  p r e s e n t e d  i n  t a b l e  2. They 

c o n c lu d e d  t h a t  t h e r e  w ere  s u b s t a n t i a l  d i f f e r e n c e s  among b r e e d s ,  bo th  

f o r  a v e r a g e  an d  d i s t r i b u t i o n  o f  l i t t e r  s i z e .  They a l s o  p o i n t e d  o u t  

t h a t ,  among h a i r  s h e e p ,  B a r b a d o s  B l a c k b e l l y  had t h e  h i g h e s t  a v e r a g e  

l i t t e r  s i z e  and g r e a t e s t  v a r i a b i l i t y .

TABLE 2 .  LITTER SIZE OF HAIR SHEEP

Breed No. Range Mean

P e l ib u e y  and West A f r i c a n 2673 1.14 -  1 .43 1.24
Barbados  B l a c k b e l l y 3580 1.35 -  2 .1 0 1.84
V i r g i n  I s l a n d 129 1.44 -  1 .82 1.61
S a n ta  I n e z ,  Morada Nova, 
B lackhead  P e r s i a n  and 
B r a z i l i a n  Somali 138 1.04 -  1 .76 1.08
F o r e s t 1233 1.11 -  1 .46 1.22
P e u l , T o u a b i r e , Y ankasa , 
and Uda 604 1.02  -  1 .44 1.12

S o u r c e :  F i t z h u g h  and B r a d f o r d  ( 1 9 8 3 ) .

L i t t e r  s i z e  of  I n d o n e s i a n  sheep  h a s  been r e v i e w e d  by Mason (1980) 

a n d  t h e  r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e  3. He c o n c l u d e d  t h a t  t h e  

p r o l i f i c a c y  may n o t  l o o k  s p e c t a c u l a r  c o m p a r e d  w i t h  t h e  F i n n i s h  

L a n d r a c e  a n d  C h i o s  b r e e d s ,  b u t  w i t h  a l a m b i n g  i n t e r v a l  o f  8 mo, t h e  

l a m b i n g  r a t e  p e r  annum s h o u l d  a v e r a g e  2 .7 2  f o r  J a v a n e s e  t h i n - t a i l e d  

an d  2.3*1 f o r  F a t - t a i l e d  w h i c h  a m p l y  b e a r s  o u t  t h e  e s t i m a t e  o f  200  -  

220  l a m b s  p e r  100 e w e s  p e r  y e a r .  C o m p a r i s o n  among  I n d o n e s i a n  s h e e p  

u n d e r  a h i g h  p l a n e  o f  n u t r i t i o n  h a s  b e e n  r e p o r t e d  by O b s t  e t  a l .  

( 1980 ) .  A s u m m a ry  o f  t h e  r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e  4 a nd  a r e
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s o m e w h a t  h i g h e r  t h a n  t h e  s t u d y  p r e s e n t e d  by Mason ( 1 9 8 0 ) .  T h i s  

p r e s u m a b l y  i s  du e  t o  d i f f e r e n t  e n v i r o n m e n t a l  c o n d i t i o n s .  B r a d f o r d  

( 1 9 7 2 b )  i n d i c a t e d  t h a t  a d i f f e r e n c e  o f  50 t o  80% may be f o u n d  i n  t h e  

p e r f o r m a n c e  o f  t h e  same b r e e d  b e tw e en  poor  and good e n v i r o n m e n t s .

I n  a d d i t i o n  t o  b r e e d  d i f f e r e n c e s ,  g e n e t i c  e f f e c t  on l i t t e r  s i z e  

w a s  a l s o  m e d i a t e d  t h r o u g h  t h e  e f f e c t s  o f  t y p e  o f  b i r t h  o f  ewe and  

i n b r e e d i n g .  B e l o g r a d s k i i  ( 1 9 4 0 )  who w o r k e d  on Romanov s h e e p  f o u n d  

t h a t  ewes b o rn  a s  s i n g l e s ,  t w i n s ,  t r i p l e t s ,  and q u a d r u p l e t s  p roduced  

l i t t e r  s i z e s  o f  1 .9 5 ,  1 .8 9 ,  1 .9 6 ,  an d  2 . 1 2 ,  r e s p e c t i v e l y .  A l t h o u g h  

t h e s e  r e s u l t s  show l i t t l e  d i f f e r e n c e  i n  l i t t e r  s i z e  a s s o c i a t e d  w i t h  

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

d i f f e r e n c e s .  Reeve  a n d  R o b e r t s o n  ( 1953)  i n  r e v i e w i n g  t h e  r e p o r t  o f  

M a r s h a l l  and P o t t s  (1921) c o n c lu d e d  t h a t  t w i n - b o r n  ewes  w e r e  4.7% more 

p r o l i f i c  t h a n  s i n g l e - b o r n  e w e s ,  b u t  t h i s  d i f f e r e n c e  c o u l d  h o t  be 

c o n s i d e r e d  s i g n i f i c a n t .  The l a m b in g  r a t e  o f  t w i n  bo rn  ewes  was h i g h e r  

a n d  t h e y  p r o d u c e d  .12 m o r e  l a m b s  p e r  y e a r  t h a n  s i n g l e - b o r n  e w e s  

a c c o r d i n g  t o  D e sa i  and W i n t e r s  (1951) . The t ende nc y  f o r  t w i n  bo rn  ewes 

t o  be more p r o l i f i c  t h a n  s i n g l e - b o r n  ewes  a l s o  was r e p o r t e d  by Ragab 

and  Asker  (1954) and Karam (1957).  Hanrahan  (1976) w o r k in g  w i t h  Galway 

s h e e p  c o m p a r e d  s e l e c t  e w e s  b e l o n g i n g  t o  t h e  t o p  3.4% o f  p o p u l a t i o n  

w i t h  a  G a l w a y  c o n t r o l  p o p u l a t i o n  f o u n d  t h e  s u p e r i o r i t y  o f  s e l e c t e d  

ewes  t o  be .099 l a m b / y e a r  (p<.025).

I n b r e e d i n g  d e p r e s s i o n  on r e p r o d u c t i o n  r a t e s ,  p a r t i c u l a r l y  number 

o f  l am b s  b o rn ,  was n o t e d  by s e v e r a l  w o r k e r s .  G le m boc k i i  ( 1956) s t a t e d  

t h a t  l a m b in g  r a t e s  w e r e  l o w e r  and p e r c e n t a g e s  o f  a b o r t i o n  g r e a t e r  f o r  

i n b r e d  t h a n  o u t b r e d  s h e e p .  Doney ( 1966)  w o r k i n g  w i t h  S c o t t i s h
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B l a c k f a c e  sheep  n o t e d  t h a t  t h e  p e r c e n t a g e  o f  l am bs  bo rn  o f  ewes mated  

w a s  52$ f o r  i n b r e d  c o m p a r e d  t o  90$ f o r  n o n - i n b r e d .  A l a t e r  s t u d y  by 

W i e n e r  a nd  H a y t e r  ( 1 9 7 5 ) ,  w i t h  5 B r i t i s h  b r e e d s ,  f o u n d  t h a t  on t h e  

a v e r a g e ,  l i t t e r  s i z e  was r e d u c e d  by .16 l a m b s  when ewes  w e r e  mated  t o  

t h e i r  sons  t o  p roduce  i n b r e d  lam bs  compared  w i t h  m a t i n g s  t o  u n r e l a t e d  

rams .  Lax and Brown (1968) w o r k in g  w i t h  M er inos ,  found  t h a t  t h e  dam's 

i n b r e e d i n g  had  a s u b s t a n t i a l  e f f e c t  on number of  l am bs  born.  In  t h i s  

s t u d y  a n e g a t i v e  change o f  .009 I n  number o f  l amb born  p e r  ewe j o i n e d  

p e r  1$ i n c r e a s e  i n  i n b r e e d i n g  was found .

TABLE 3.  LITTER SIZE OF INDONESIAN SHEEP

Breed No.
P e r c e n t a g e  

I 2
o f  b i r t h  

3 4 Mean
Range 

i n  means

Loca l  t h i n - t a i l e d 1559 76 .3 21 .6

OCVi 0.1 1.26 1 .0 4 - 1 . 6 0
J a v a n e s e  t h i n - t a i l e d
(JTT) -  P r i a n g a n 222 3 6 .5 49.1 11.3 3 .2 1.81 1 .4 5 - 2 . 0 7
F a t - t a i l e d  (FT) 132 5 0 .8 43 .2 5 .3 0 .8 1.56 -

JTT x FT 55 47 .3 40 .0 10.9 1.8 1 .69 -

S o u r c e :  Mason (1980)

TABLE 4. LITTER SIZE OF JAVANESE THIN- 
AND FAT-TAILED (FT)

TAILED (JTT)

Breed No. I 2
Number

3 4 5 L i t t e r  s i z e

JTT -  G a r u t 197 43 39 21 2 I 1.86
J T T -  Bogor 178 62 38 12 I 0 1.58
FT -  Madura 72 22 14 6 I 0 1.67

S ource  : Obst  e t  a l .  (1980)
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L i t t e r  s i z e  we a n e d .  L i t t e r  s i z e  w e a n e d  i s  d e t e r m i n e d  by t h e  

l i t t e r  s i z e  o f  l a m b s  b o r n  a l i v e  a n d  t h e i r  m o r t a l i t y .  N o n - g e n e t i c  

f a c t o r s  i n f l u e n c e  l i t t e r  s i z e  w e a n e d  s i m i l a r  t o  t h e i r  i n f l u e n c e  on 

m o r t a l i t y  ( J a k u b e c ,  1977).

P e r c e n t  o f  l a m b s  w e a n e d  o f  l a m b s  b o r n  a l i v e  o r  l a m b s  b o r n  h a s  

been  r e p o r t e d  by s e v e r a l  w o r k e r s  u nde r  t e m p e r a t e  c o n d i t i o n .  S i d w e l l  e t  

a l .  (1962) w o r k i n g  w i t h  Ham psh i re ,  S h r o p s h i r e ;  Southdown,  Merino  and 

C o l u m b ia - S o u th d a l e  n o t e d  t h a t  p e r c e n t  l a m b s  weaned o f  l i v e  lam bs  bo rn  

w a s  81.935, 7 9 . 6 ? ,  81.456 , 83.956, a nd  75.1%, r e s p e c t i v e l y .  V e s e l y  and  

P e t e r s  (1965)  s t u d y i n g  R a m b o u i l l e t ,  Rom ne le t ,  C a n a d i a n - C o r r i e d a l e ,  and 

Rom elda le  found  t h a t  t h e  a v e r a g e  p e r c e n t s  o f  l am bs  weaned  w e r e  83.7%, 

85.3%, 80.7% and 78.3%. S i m i l a r  v a l u e s  w e re  a l s o  r e p o r t e d  by R i g h t  and 

J u r y  (1970a)  i n  a  s t u d y  on Romney and B o r d e r  L e i c e s t e r  x  Romney ewes.  

They found  t h a t  t h e  r a t i o  o f  number o f  l am b  weaned p e r  ewe p r e s e n t  a t  

l a m b i n g  w a s  . 7 1, . 8 9 ,  . 9 6 ,  a n d  .97  f o r  2 - ,  3 - ,  4 - ,  a n d  5 - y r - o l d  e w e s ,  

r e s p e c t i v e l y .  R a s t e r  e t  a l .  ( 19 7 2 ) ,  h o w e v e r  i n  a  s t u d y  o n  19 b r e e d  

g r o u p s  found  t h e  lam b  w e a n ing  r a t e  a t  70 d p e r  ewe l a m b i n g  was 91%.

T h e r e  i s  a  p a u c i t y  o f  i n f o r m a t i o n  a b o u t  l i t t e r  s i z e  w e a n e d  o r  

l am b  m o r t a l i t y  o f  t r o p i c a l  b r e e d s .  F i t z h u g h  and B r a d f o r d  (1983) i n  a 

r e v i e w  o f  h a i r  sh e ep  i n d i c a t e d  t h a t  d e a t h  l o s s e s  were  s u b s t a n t i a l  i n  a 

m a j o r i t y  o f  t h e  f l o c k s ,  a v e r a g e  l o s s e s  e x c e e d e d  25%. They i n d i c a t e d  

t h a t  t h e  f a c t o r s  o f  c r i t i c a l  i m p o r t a n c e  t o  lamb s u r v i v a l  i n  t h i s  s t u d y  

w e r e  n u t r i t i o n a l  and p h y s i o l o g i c a l  s t a t u s  o f  ewes.  I n  t h i s  r e v i e w  they  

. n o t e d  t h a t  i m p r o v i n g  n u t r i t i o n  o f  ewes  d u r i n g  p regnancy  r e d u c e d  lamb 

m o r t a l i t y  f rom 23% t o  11%; f o r  lamb b o r n  t o  p r i m i p a r o u s  ewes  ( I -  t o  2 -  

y r - o l d )  m o r t a l i t y  was 37% compared t o  18% f o r  m a t u r e  ewes ;  and unde r



A f r i c a n  v i l l a g e  c o n d i t i o n ,  22% o f  ewes w i t h  l a m b in g  i n t e r v a l s  o f  l e s s  

t h a n  7 mo a b o r t e d  or  p roduced  s t i l l b o r n  l am b s  compared t o  no a b o r t i o n s  

o r  s t i l l b i r t h s  f o r  ewes w i t h  l a m b in g  i n t e r v a l s  g r e a t e r  t h a n  7 mo.

High m o r t a l i t y ,  r a t e s  o f  I n d o n e s i a n  s h e e p  were  r e p o r t e d  by Obst  e t  

a l .  ( 19 8 0 ) .  The p e r c e n t a g e s  o f  l a m b s  w e a n e d  o f  l a m b s  b o r n  o f  JTT-  

G a r u t ,  J T T - B o g o r  a n d  F T - M a d u r a  w e r e  6 1 .3 % ,  7 5 .3 % ,  a n d  6 1 .1 % ,  

r e s p e c t i v e l y .  F l e t c h e r  e t  a l . (  1982)  i n  a  c o m p a r i s o n  b e t w e e n  BLM an d  

JTT e w e s  i n  t h e  s a m e  p l a c e  a n d  t h e  s a m e  m a n a g e m e n t  a s  t h e  p r e v i o u s  

a u t h o r s  a l s o  found  h i g h  m o r t a l i t y  f rom b i r t h  t o  weaning.  They r e p o r t e d  

l am b  m o r t a l i t y  f rom f i r s t ,  second  and t h i r d  l a m b i n g s  t o  be 18%, 44%, 

and 54% f o r  BLM and 15%, 45% and 47% f o r  JTT, r e s p e c t i v e l y .  Subandr iyo  

e t  a l .  ( 1 9 8 1 )  a l s o  r e p o r t e d  h i g h  m o r t a l i t y  r a t e  on J T T - G a r u t  u n d e r  

s t a t i o n  c o n d i t i o n s .  They n o t e d  197% lamb b o r n  and 132% lam b  weaned on 

t h e  b a s i s  o f  e w e s  l a m b i n g .  U n d e r  I n d o n e s i a n  v i l l a g e  c o n d i t i o n s  162% 

b o r n  a nd  119% w e a n e d  o f  J T T - G a r u t  w a s  r e p o r t e d  by B e l l  an d  I n o u n u  

( 1982) .

Lambing i n t e r v a l .  V a r i a t i o n  i n  l a m b i n g  i n t e r v a l  i s  a f f e c t e d  by 

t h e  v a r i a t i o n  i n  l e n g t h  o f  p o s t p a r t u m  a r i e s t r u s ,  l e n g t h  o f  t i m e  f r o m  

p a r t u r i t i o n  t o  e x p o s u r e  t o  a  ram and r a t e  o f  c o n c e p t i o n  a t  f i r s t  and 

s u b s e q u e n t  e s t r u s e s  a f t e r  p a r t u r i t i o n  ( F i t z h u g h  a n d  B r a d f o r d ,  1983) .  

The g e s t a t i o n  p e r i o d  i s  r e l a t i v e l y  c o n s t a n t .  S h e l t o n  (1 9 7 2 )  i n  a 

s t u d y  o f  two s m a l l  f l o c k s  o f  m a t u r e  R a m b o u i l l e t  ewes  w h ic h  w ere  r u n  

c o n t i n o u s l y  w i t h  r a m s  o v e r  3 y r  i n  Texas  i n d i c a t e d  t h a t  s e a s o n  o f  t h e  

y e a r  had t h e  m a jo r  e f f e c t  on i n t e r v a l  f ro m  l a m b in g  t o  r e m a t i n g .  Ewes 

l a m b in g  i n  t h e  summer o r  f a l l  had t h e  s h o r t e s t  i n t e r v a l  t o  r e m a t i n g ,  

and t h o s e  l a m b i n g  i n  t h e  w i n t e r  had t h e  l o n g e s t .  L a c t a t i o n  a p p e a r e d  t o
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h a v e  o n l y  a  l i m i t e d  e f f e c t  on r e m a t i n g  a s  4 3 .5 ?  o f  t h e  e w e s  r e  b r e d  

b e f o r e  t h e i r  l a m b s  w e r e  w e a n e d .  I n  t h i s  s t u d y  t h e  a v e r a g e  l a m b i n g  

i n t e r v a l  was 240.8 d o r  a p p r o x i m a t e l y  8 mo. Arnold and C h a r l i c k  (1980) 

who s t u d i e d  P e p p in  Merino  found  t h a t  l a m b i n g  i n t e r v a l s  v a r i e d  w i d e ly ;  

t h e  a v e r a g e  w a s  284 d a n d  o f  50? e w e s  c o n c e i v e d  w i t h i n  100 d o f  

p a r t u r i t i o n .

L e v i n e  a n d  S p u r l o c k  (1 9 8 3 )  i n  a  s t u d y  o f  B a r b a d o s  B l a c k b e l l y  i n  

C a l i f o r n i a  fo u n d  t h a t  35? o f  t h e  l a m b i n g  i n t e r v a l s  were  b e tw e e n  181

a n d  200 d i n  l e n g t h ,  2 2 .5 ?  b e t w e e n  201 a nd  220  d,  12 .5?  b e t w e e n  221 

a n d  240  d ,  9 . 5 ?  b e t w e e n  241 a n d  260  d a n d  8 .5 ?  b e t w e e n  261 a n d  280  d.  

Only 12? o f  l a m b i n g  i n t e r v a l s  f e l l  o u t s i d e ,  t h e  r a n g e  o f  181 t o  280 d; 

3 .5 ?  w e r e  l e s s  t h a n  181 d a n d  8 .5 ?  w e r e  g r e a t e r  t h a n  2 8 0  d. I n  t h i s  

s t u d y  t h e r e  w a s  l i t t l e  d i f f e r e n c e  i n  s u b s e q u e n t  a v e r a g e  l a m b i n g  

i n t e r v a l  f o r  ewes  w i t h  s i n g l e  l a m b s  o r  w i t h  t w i n s  (219.2 v s  221.1 d) ,  

b u t  l a m b i n g  i n t e r v a l  was g r e a t e r  f o r  ewes t h a t  had  t r i p l e t  (238.4 d).  

Lambing i n t e r v a l  was a l s o  d e p e n d e n t  upon t h e  s u c c e s s i v e  p a r i t i e s .  The 

l o n g e s t  i n t e r v a l  ( 2 4 1 .7  d )  o c c u r e d  b e t w e e n  f i r s t  a n d  s e c o n d  l a m b i n g  

a n d  t h e  s h o r t e s t  w a s  b e t w e e n  s e c o n d  a n d  t h i r d  l a m b i n g  (2 0 4 .9  d) .  

D e t t m e r s  (1983) i n  a  s tu d y  i n  N i g e r i a  n o t e d  t h a t  mean l a m b i n g  i n t e r v a l  

r a n g e d  f r o m  234 t o  248  d. L a m b i n g  i n t e r v a l  w a s  l o n g e r  b e t w e e n  f i r s t  

a n d  s e c o n d  p a r i t y  (277  d ) ,  b u t  a s  p a r i t y  a d v a n c e d  a n d  e w e s  a g e d ,  

l a m b i n g  i n t e r v a l  d e c r e a s e d  t o  213 d, b e tw e e n  p a r i t y  7 and  8. S t a g n a r o  

(1983) w ork in g  w i t h  h a i r  sh e ep  i n  V e n e z u e la ,  found  t h a t  i n c i d e n c e  o f  

e s t r u s  w a s  r e l a t e d  t o  r a i n f a l l .  H igh  i n c i d e n c e  o f  e s t r u s  w a s  f o u n d  

f o l l o w i n g  h i g h  r a i n f a l l .  He a l s o  n o t e d  t h a t  d u r a t i o n  o f  p o s t p a r t u m  

a n e s t r u s  was a l s o  a f f e c t e d  by t h e  number o f  lamb s u c k l e d .



B r a d f o r d  e t  a l .  ( 1983)  f o u n d  t h e  l a m b i n g  i n t e r v a l  o f  B a r b a d o s  

B l a c k b e l l y  r a n g e d  f r o m  158 t o  520  d w i t h  a  m o d a l  c l a s s  o f  I 90 t o  195 

d. Th i s  i n d i c a t e d  a  no rm a l  p o s t p a r t u m  a n e s t r u s  f o r  t h e s e  sh e ep  o f  40 

t o  45 d. I t  was a l s o  n o t e d  t h a t  t h e  i n t e r v a l  f o l l o w i n g  t w i n  b i r t h s  was 

l o n g e r  t h a n  t h a t  f o l l o w i n g  b i r t h  o f  s i n g l e s .  S e a s o n  o f  y e a r  w as  

r e p o r t e d  t o  a f f e c t  p o s t p a r t u m  p e r i o d  i n  P e l i b u e y  s h e e p  i n  M e x ic o  

( V a l e n c i a  a n d  G o n z a l e z ,  1 9 8 3 ) .  They f o u n d  t h e  s h o r t e s t  p o s t p a r t u m  

p e r i o d  i n  J u n e  t o  A u g u s t  (40  t o  75 d )  a n d  t h e  l o n g e s t  p o s t p a r t u m  

p e r i o d  i n  J a n u a r y  t o  May (80  t o  115 d ) .

Mason  ( 1 9 8 0 ) ,  r e v i e w i n g  I n d o n e s i a n  s h e e p  d a t a ,  s t a t e d  t h a t  a 

l a m b i n g  i n t e r v a l  o f  8 t o  9 mo was m os t  u s u a l .  I n  q u o t i n g  t h e  s tu d y  o f  

N a t a s a s m i t a  ( 1 9 6 8 ) ,  h e  s t a t e d  t h a t  JTT h a d  s e r v i c e  p e r i o d  o f  56 d 

w h i c h  r e p r e s e n t e d  a  l a m b i n g  i n t e r v a l  o f  206 d.  U n d e r  e x p e r i m e n t  

s t a t i o n  c o n d i t i o n s  i n  which  ewes w e re  r u n  w i t h  r am s  c o n t i n o u s l y  e x c e p t  

f o r  2 wk p o s t p a r t u m  t h e  l a m b i n g s  p e r  y e a r  f o r  JTT-G aru t ,  JTT-Bogor and 

FT-Madura was  1.85, 1.83, 1.46, r e s p e c t i v e l y  (Obst  e t  a l . ,  1980). This  

r e s u l t e d  i n  l a m b i n g  i n t e r v a l s  o f  19 7 ,  I 99 a n d  250 d ,  r e s p e c t i v e l y .  

S u b a n d r iy o  e t  a l .  (1981)  c a l c u l a t e d  a  p a r t u r i t i o n  i n t e r v a l  o f  297 d o r  

1 . 2 3  p a r t u r i t i o n  p e r  y e a r  b a s e d  o n  h a n d  m a t i n g  s y s t e m  u n d e r  

e x p e r i m e n t a l  s t a t i o n  c o n d i t i o n s .  H o w e v e r ,  i n  a  s t u d y  o f  t h e  v i l l a g e  

c o n d i t i o n s ,  K n i p s c h e e r  and  S o e d ja n a  (1982) r e p o r t e d  t h a t  o n l y  6 1% o f  

t h e  e w e s  a v a i l a b l e  l a m b e d  i n  a  12-mo p e r i o d .  S i m i l a r  r e s u l t s  w e r e  

q u o t e d  by B e l l  an d  I n o u n u  ( 19 8 2 ) .  They c o n c l u d e d  t h a t  t h e  m a j o r  

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

u t i l i z a t i o n  o f  r am s ,  t i m e l i n e s s  o f  b r e e d i n g ,  and l a c k  o f  t h e  t e c h n i c a l  

u n d e r s t a n d i n g  o r  t h e  i n c e n t i v e s  n e c e s s a r y  t o  m a n a g e  f o r  h i g h e r



r e p r o d u c t i o n  r a t e s .

L i t t e r __ we i g h t .  L i t t e r  w e i g h t ,  p a r t i c u l a r l y  o f  t h e  l i t t e r  a t

w e a n i n g ,  i s  a n  i m p o r t a n t  t r a i t  i n  s h e e p  p r o d u c t i o n .  I t  c o m b i n e s  a n d  

s u m m a r i z e s  i n  one t r a i t  s e v e r a l  d i f f e r e n t  a s p e c t  o f  ewe r e p r o d u c t i o n  

( f e r t i l i t y  and l i t t e r  s i z e )  and  o f  o f f s p r i n g  g r o w t h  (ewe m i l k i n g  and  

m o t h e r i n g  a b i l i t y  a n d  l a m b  g o w t h  r a t e  a n d  s u r v i v a l ) .  Thus  i t  i s  a n  

i m p o r t a n t  b i o l o g i c a l  and  economic  m ea s u re  o f  ewe p r o d u c t i v i t y  ( M a r t i n  

and S m i t h ,  1980).

V a r io u s  n o n - g e n e t i c  e f f e c t s  on l i t t e r  w e i g h t  have  been  r e p o r t e d  

by s e v e r a l  w o r k e r s .  Fahmy ( 19.82) i n  a  s t u d y  on v a r i o u s  n o n - g e n e t i c  

e f f e c t s  on Oxford  and S u f f o l k  sh e ep  and t h e i r  c r o s s e s  n o t e d  t h a t  age 

o f  ewe was a  h i g h l y  s i g n i f i c a n t  s o u r c e  o f  v a r i a t i o n  i n  l i t t e r  w e i g h t  

a t  b i r t h  a n d  a n d  w e a n i n g .  L i t t e r s  f r o m  2 - y r - o l d  e w e s  w e r e  

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

ewes .  The h e a v i e s t  l i t t e r s  a t  b i r t h  and w ean ing  w e r e  t h o s e  f rom 5 - y r -  

o l d  ewes.  L i t t e r  f rom  6 - y r - o l d  ewes and o l d e r  were  m a r k e d ly  l i g h t e r  a t  

b i r t h  t h a n  t h o s e  f r o m  a l l  o t h e r  a g e  g r o u p s .  Age o f  s i r e  h a d  l i t t l e  

e f f e c t  on  l i t t e r  w e i g h t  a t  b i r t h  a n d  w e a n i n g .  S i m i l a r  r e s u l t s  w e r e  

r e p o r t e d  by G o o t  a n d  M a i j a l a  ( 1977)  i n  a  s t u d y  on F i n n i s h  L a n d r a c e  

u n d e r  a c c e l e r a t e d  l a m b i n g  (2 l a m b i n g s  p e r  y e a r ) .  I n  t h i s  p a r t i c u l a r  

s t u d y  t h e y  found  t h a t  age  o f  ewes s i g n i f i c a n t l y  (p<.01)  a f f e c t e d  t h e  

l i t t e r  w e i g h t  a t  150 d o f  a g e  f r o m  t h e  f i r s t  l a m b i n g  p e r i o d  i n  t h e  

y e a r ,  and a c c o u n t e d  f o r  10 % o f  t h e  t o t a l  v a r i a n c e .  The 4 - y r - o l d  ewes 

i n  t h i s  s t u d y  p r o d u c e d  t h e  h e a v i e s t  l i t t e r s  (96 .6  k g )  a n d  2 - y r - o l d  

e w e s  t h e  l i g h t e s t  (7.2.1 k g ) .  P o n z o n i  e t  a l .  ( 1 9 7 9 )  i n  a  s t u d y  on 

C o r r i e d a l e s  i n  U r u g u a y  a l s o  f o u n d  t h a t  a g e  o f  ewe h a d  a  s i g n i f i c a n t
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e f f e c t  on w e i g h t  o f  l am bs  weaned.  They r e p o r t e d  t h a t  2 - y e a r - o l d  ewes 

p r o d u c e d  t h e  l i g h t e s t  ( 1 3 .3  k g ) ,  w h i l e  6 - y r - o l d  e w e s  p r o d u c e d  t h e  

h e a v i e s t  (20 .6  k g ) .  V e s e l y  a n d  P e t e r s  (1 9 6 5 )  i n  a  s t u d y  o f  4 b r e e d s  

u n d e r  r a n g e  c o n d i t i o n  a l s o  f o u n d  t h a t  a g e  o f  dam w a s  a n  i m p o r t a n t  

s o u r c e  o f  v a r i a t i o n  i n  w e i g h t  o f  l a m b  w e a n e d  p e r  100 e w e s  b r e d ,  i n  

a d d i t i o n  t o  y e a r  e f f e c t .  T w o -y r -o l d  ewes  w e re  i n f e r i o r  t o  m i d d l e - a g e d  

e w e s .  Age o f  dam and  y e a r  e f f e c t s  on  a v e r a g e  p o u n d s  o f  l a m b s  w e a n e d  

p e r  ewe a l s o  w e re  r e p o r t e d  by B a s u t h a k u r  (1970).

I n  a  s tu d y  o f  management  c o n d i t i o n  on l i t t e r  w e i g h t  Hohenboken e t  

a l .  ( 1976a )  f o u n d  t h a t  h i l l  p a s t u r e  m a n a g e m e n t  r e s u l t e d  i n  l o w e r  

p r o l i f i c a c y  b u t  g r e a t e r  s u r v i v a l  t o  w e a n in g  and  more  k i l o g r a m  o f  l am bs  

weaned p e r  ewe l a m b i n g  and p e r  ewe j o i n e d  t h a n  a l o w l a n d  s y s te m .

M a v r o g e n i s  ( 19 8 2 ) ,  w o r k i n g  w i t h  C h i o s  s h e e p ,  f o u n d  t h a t  l i t t e r  

s i z e  a t  b i r t h  a f f e c t e d  l i t t e r  w e i g h t  a t  b i r t h  a n d  l i t t e r  w e i g h t  a t  

w e a n i n g ,  i n  a d d i t i o n  t o  h e r d  an d  p a r i t y  e f f e c t .  He r e p o r t e d  t h a t  

l i t t e r  w e i g h t  a t  b i r t h  was 4.47 and 7.55 kg,  r e s p e c t i v e l y ,  f o r  s i n g l e s  

and t w i n s .  L i t t e r  w e i g h t  a t  wean ing  was 12.9 and 23.4 kg. B lack  (1982) 

r e p o r t e d  t h e  h i g h e s t  l i t t e r  w e i g h t  a t  w e a n in g  was f rom  m u l t i p l e - b o r n  

l a m b s .  I n  h i s  s t u d y  o f  h i g h  f e r t i l i t y  s h e e p  i n  Hew Z e a l a n d ,  l i v e  

w e i g h t  w e a n e d  p e r  ewe  w a s  3 4 . 2 ,  58 .8  a n d  7 3 .5  kg  f o r  s i n g l e - b o r n ,  

t w i n - b o r n ,  and t r i p l e t - b o r n  l a m b s ,  r e s p e c t i v e l y .

With  r e s p e c t  t o  l i t t e r  w e i g h t  a t  b i r t h  Donald and R u s s e l l  (1970) 

e s t i m a t e d  t h e  r e g r e s s i o n  o f  l i t t e r  w e i g h t  o f  newborn l a m b s  on t h e  l i v e  

w e i g h t  o f  e w e s  a t  m a t i n g  f r o m  15 b r e e d s  a f t e r  c o n v e r s i o n  o f  g r o u p  

m e a n s  o f  e w e s  a n d  l a m b s  t o  n a t u r a l  l o g a r i t h m s .  The r e g r e s s i o n

c o e f f i c i e n t s  e s t i m a t e d  f rom  t h i s  s t u d y  w e r e :  .72 f o r  s i n g l e  lam bs ,  .74
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f o r  t w i n s ,  and .77 f o r  t r i p l e t s .  These v a l u e s  w e re  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  f r o m  e a c h  o t h e r .  B a s e d  on  t h e s e  e s t i m a t e s  t h e y  i n d i c a t e d  

t h a t  t h e  r a t i o  b e t w e e n  l i t t e r  w e i g h t  o f  s i n g l e s ,  t w i n s  a n d  t r i p l e t s  

was s i m i l a r  among ewes o f  d i f f e r e n t  w e i g h t .  The r a t i o  was  100:160:185.  

A s i m i l a r  r a t i o  (100:164:165)  was found  by P h i l l i p s  and Dawson (1937);  

D i c k in s o n  e t  a l .  (1962) r e p o r t e d  t h e  r a t i o  o f  100:156:186;  and Y a lc in  

a n d  B i c h a r d  ( 1 9 6 4 )  i n  a  s t u d y  a t  tw o  d i f f e r e n t  l o c a t i o n s  o b t a i n e d  

r a t i o s  o f  1 0 0 : 1 5 8 : 1 8 5  a n d  1 0 0 : 1 5 9 : 1 9 9 .  I n  a  p r o l i f i c  b r e e d ,  t h e  

F i n n i s h  L a n d r a c e ,  t h e  r a t i o  o f  l i t t e r  w e i g h t  w as  1 0 0 : 18 4 : 2 6 3 : 3 0 0  

(Donald and R u s s e l l ,  1962).

Ev idence  o f  b r e e d  d i f f e r e n c e s  was r e p o r t e d  by S i d w e l l  and M i l l e r  

( 1 9 7 1 c )  w o r k i n g  w i t h  H a m p h s h i r e ,  S h r o p s h i r e ,  C o l u m b i a ” S o u t h d a l e ,  

T a rg h ee , S u f f o l k ,  and D o r s e t .  Breed ,  age o f  ewe and y e a r  by age o f  ewe 

i n t e r a c t i o n  w e r e  i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n .  The T a r g h e e  b r e e d  

weaned t h e  h e a v i e s t  l i t t e r s  (35.3 kg) and t h e  D o r s e t  was t h e  l i g h t e s t  

(15.6 kg).  V ese ly  and P e t e r s  (1965) a l s o  n o t e d  b reed  d i f f e r e n c e s  among 

R a m b o u i l l e t ,  Romnele t ,  Canad ian  C o r r i e d a l e  and R om eld a le  f o r  weight ,  o f  

l a m b s  weaned p e r  100 ewes  b red .  They found  t h a t  R a m b o u i l l e t  weaned th e  

h e a v i e s t  (3 3 .5  kg )  a n d  R o m e l d a l e  t h e  l i g h t e s t  (29 .5  k g ) .  S i m i l a r  

r e s u l t s  o f  b r e e d  d i f f e r e n c e s  i n  t o t a l  l a m b  w e i g t  w a s  a l s o  n o t e d  by 

W iener  and H a y t e r  (1975) ,  B a s u th a k u r  (1970)  and Fahmy (1982) .

Basutha lcur  ( 1970) n o t e d  t h a t  type  o f  b i r t h  o f  ewe and s i r e  had an  

e f f e c t  o n  l a m b  p r o d u c t i o n ,  e v e n  t h o u g h  d i f f e r e n c e s  w e r e  n o t  

s i g n i f i c a n t .  I n  t h e  C o l u m b i a  b r e e d  h e  f o u n d  s u p e r i o r i t y  o f  l a m b  

p r o d u c t i o n  when bo th  ewe and s i r e  w e re  b o r n  t w i n .  However , i n  Targhees  

he  found  t h a t  l am b  p r o d u c t i o n  was l o w e r  when bo th  ewes and s i r e s  were
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b o r n  a s  t w i n  a s  c o m p a r e d  t o  t h e  l a m b  p r o d u c t i o n  o f  e w e s  b o r n  a s  

s i n g l e s  and  ram b o r n  a s  t w i n s .

P h e n o t y p ic  c o r r e l a t i o n .  F o r r e s t  and  B i c h a r d  (1974b)  i n  a  s tu d y  o f  

a  l o w l a n d  s h e e p  f l o c k  f o u n d  t h a t  t h a t  t h e  p h e n o t y p i c  c o r r e l a t i o n  

b e t w e e n  body  w e i g h t  a n d  r e p r o d u c t i v e  p e r f o r m a n c e  w a s  s m a l l  b u t  

p o s i t i v e .  I n  t h i s  s t u d y  t h e  c o r r e l a t i o n  b e t w e e n  body  w e i g h t  a nd  

a v e r a g e  l i t t e r  s i z e  was .16 and b e tw e e n  body w e i g h t  and number of  lamb 

b o r n  p e r  ewe p r e s e n t  a t  l a m b i n g  w a s  .1 0 .  P u r s e r  ( 1 9 6 5 )  i n  a  s t u d y  on 

B l a c k f a c e  an d  W e l s h  e w e s  f o u n d  p o s i t i v e  p h e n o t y p i c  c o r r e l a t i o n s  

b e tw e e n  l i v e  w e i g h t  and l i t t e r  s i z e  ( r =.23 and  .25, r e s p e c t i v e l y ) .

M a r t i n  e t  a l .  ( 1 9 8 0 )  i n  a s t u d y  o f  a  s y n t h e t i c  l i n e  o f  s h e e p  

found  t h a t  p r e m a t i n g  w e i g h t  was p o s i t i v e l y  and  h i g h l y  c o r r e l a t e d  w i t h  

l i t t e r  t r a i t s ,  b u t  t h e  c o r r e l a t i o n  b e t w e e n  p o s t  l a m b i n g  w e i g h t  a n d  

l i t t e r  t r a i t s  w e r e  l o w ;  som e  w e r e  n e g a t i v e .  The c o r r e l a t i o n s  o f  

p r e m a t i n g  w e i g h t  w i t h  number b o r n  a l i v e ,  number  weaned,  l i t t e r  w e i g h t  

a t  b i r t h ,  l i t t e r  w e i g h t  a t  4 ,  8 a n d  12 wk w e r e  . 2 3 , . 2 3 , . 4 8 , . 1 5 , . 1 7 ,  

and .15. However ,  p h e n o t y p i c  c o r r e l a t i o n s  b e tw e e n  p o s t  l a m b i n g  w e i g h t  

an d  t h o s e  l i t t e r  t r a i t s  w e r e  - . 1 2 ,  - . 1 2 ,  . 0 0 ,  . 0 3 ,  . 0 3 ,  a n d  - . 0 2 ,  

r e s p e c t i v e l y .

H igh  c o r r e l a t i o n s  b e t w e e n  body w e i g h t  a t  b r e e d i n g  w i t h  e w e s  

l a m b i n g  p e r  ew e  j o i n e d  ( r = . 4 6 ) ,  e w e s  b e a r i n g  m u l t i p l e  l a m b s  p e r  ewe 

l a m b i n g  ( r= .90 ) ,  and l a m b s  b o r n  p e r  ewe j o i n e d  (r=.78)  was r e p o r t e d  by 

A t k i n s  ( 1 9 8 0 b ) .

H o w e v e r ,  New t o n  a n d  F e n l o n  ( 1 9 7 9 )  who w o r k e d  w i t h  Masham e w e s  

found  t h a t  t h e  c o r r e l a t i o n  b e tw e e n  m a t i n g  w e i g h t  and l i t t e r  w e i g h t  was 

l o w  b u t  p o s i t i v e .  The c o r r e l a t i o n  i n  t w o  f l o c k s  w e r e  . 1 0  a n d  . 0 8 ,
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r e s p e c t i v e l y .

High c o r r e l a t i o n s  among l i t t e r  t r a i t s  w e re  r e p o r t e d  by M a r t in  e t  

a l .  ( 19 8 0 ) .  The p h e n o t y p i c  c o r r e l a t i o n  r a n g e d  f r o m  .34  t o  .9 5  among 

n u m b e r  b o r n  a l i v e ,  n u m b er  w e a n e d ,  l i t t e r  w e i g h t  a t  b i r t h ,  l i t t e r  

w e i g h t  a t  4 ,  8 an d  12 wk. E i k j e  (1 9 7 5 )  i n  a  s t u d y  on  N o r w e g i a n  s h e e p  

a l s o  f o u n d  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  am ong  n u m b er  o f  l a m b s  b o r n ,  

n u m b e r  o f  l a m b s  i n  s p r i n g  a n d  n u m b e r  o f  l a m b s  a t  w e a n i n g .  The 

c o r r e l a t i o n  r a n g e d  from  .67 to  .93 . F o g a r ty  e t  a l .  (1982) f rom  a  s tu d y  

o f  f i v e  b r e e d s  an d  tw o  s y n t h e t i c  l i n e s  r e p o r t e d  m o s t l y  h i g h  p o s t i v e  

c o r r e l a t i o n s  among l i t t e r  s i z e ,  n e o n a ta l  s u r v i v a l ,  p o s t n a t a l  s u r v i v a l ,  

l a m b s  w e a n e d  p e r  ew e j o i n e d .  The c o r r e l a t i o n  r a n g e d  f r o m  .13  t o  .9 4 .  

The p h e n o ty p ic  c o r r e l a t i o n  b e tw e en  l i t t e r  s i z e  and p o s t n a t a l  s u r v i v a l  

was - . 20 , and th e  c o r r e l a t i o n  be tw e en  p o s t n a t a l  s u r v i v a l  and  n e o n a ta l  

s u r v i v a l  was . 08.

G e n e t i c __ c o r r e l a t i o n .  F o r r e s t  a n d  B i c h a r d  (1 9 7 4 b )  f o u n d  t h a t

l i t t e r  s i z e  a t  t h e  g e n e t i c  l e v e l  w a s  m o re  s t r o n g l y  r e l a t e d  t o  body 

w e i g h t  ( r g = .21 ) t h a n  n u m b e r  l a m b  b o r n  p e r  ew e m a t e d  a n d  p r e s e n t  a t  

la m b in g  ( rg = - .0 4 ) .  S t ro n g  g e n e t i c  c o r r e l a t i o n s  be tw e en  l i t t e r  s i z e  and 

body w e ig h t  w e re  r e p o r t e d  by P u r s e r  and Karam (1965). E s t i m a t e s  o f  th e  

g e n e t i c  c o r r e l a t i o n  i n  B l a c k f a c e  a n d  W e ls h  e w e s ,  r e s p e c t i v e l y ,  

w e r e  .44  a n d  . 78 .

M a r t i n  e t  a l .  ( 1980) e s t i m a t e d  g e n e t i c  c o r r e l a t i o n s  b e tw e e n  

p r e m a t in g  w e i g h t  and p o s t l a m b in g  w e ig h t  and l i t t e r  w e i g h t  a t  b i r t h ,  

l i t t e r  w e i g h t  a t  4 ,  8 , 12 wk. The c o r r e l a t i o n  r a n g e d  f r o m  .38  t o  .88 

be tw e en  p r e m a t in g  w e ig h t  and  l i t t e r  w e ig h t  a t  t h e  f o u r  d i f f e r e n t  a g e s ,  

and .17 to  .44 b e tw e e n  p o s t l a m b in g  w e i g h t  and t h e  f o u r  l i t t e r  w e ig h ts .
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A l l  h a d  h i g h  s t a n d a r d  e r r o r s .  Low g e n e t i c  c o r r e l a t i o n s  w e r e  f o u n d  

be tw e en  number o f  la m b s  w eaned and p r e m a t in g  and p o s tm a t i n g  w e ig h t  i n  

t h i s  s t u d y  ( r g = .02  an d  r g = - . 0 1 ,  r e s p e c t i v e l y ) .  E s t i m a t e s  o f  g e n e t i c  

c o r r e l a t i o n s  among l i t t e r  t r a i t s  (number la m b s  weaned, l i t t e r  w e ig h t  

a t  b i r t h ,  l i t t e r  w e i g h t  a t  4 ,  8 an d  12 wk) r a n g e d  f r o m  .4 0  t o  1 ,53 . 

The s t a n d a r d  e r r o r s  w ere  l a r g e .

F o g a r t y  e t  a l .  ( 1 9 8 2 ) ,  who w o r k e d  w i t h  5 b r e e d s  a n d  2 s y n t h e t i c  

l i n e s ,  f o u n d  n e g a t i v e  g e n e t i c  c o r r e l a t i o n  b e t w e e n  l i t t e r  s i z e  an d  

n e o n a t a l  s u r v i v a l ,  p o s t n a t a l  s u r v i v a l ,  w e i g h t  a t  w e a n i n g  p e r  ew e 

j o i n e d  ( r g = - . 3 0 , - . 32 , a n d  - . 02 ) a n d  lo w  g e n e t i c  c o r r e l a t i o n  b e t w e e n  

l i t t e r  s i z e  a n d  l a m b s  w e a n e d  p e r  ew e j o i n e d  ( r g =„04). H o w e v er ,  t h e  

g e n e t i c  c o r r e l a t i o n s  am ong  t h e  r e s t  o f  t h e  t r a i t s  w e r e  h i g h  ( .4 9  t o  

1 .60), though  t h e  s t a n d a r d  e r r o r s  w e re  r e l a t i v e l y  h ig h .

H e r i t a b i l i t v .  The r e l a t i v e  m a g n i tu d e  o f  g e n e t i c  v a r i a t i o n  o f  ewe 

p e r f o r m a n c e s  i s  i n d i c a t e d  by t h e  h e r i t a b i l i t i e s  o f  t h e  t r a i t s .  Low 

e s t i m a t e s  o f  h e r i t a b i l i t y  o f  l i t t e r  s i z e  have  been  r e p o r t e d  by s e v e r a l  

w o r k e r s  : - .0 1  an d  .06  ( M a r t i n  e t  a l , ,  1 9 8 0 ) ,  .04  (R a g a b  a n d  A s k e r ,  

1 9 5 1 ) ,  .07  ( D e s a i  a n d  W i n t e r s ,  1 9 5 1 ) ,  .06  a n d  .0 8  ( E i k j e ,  1 9 7 5 ) ,  .08  

( F o r r e s t  a n d  B i c h a r d ,  I 9 74b ;  H a n r a h a n ,  I 9 7 6 ) ,  .1 1 ( R e n d e l ,  1 9 5 6 ) ,  .12  

( C l a r k e  a n d  H o h e n b o k e n ,  1 9 8 3 ) ,  .10  a n d  .14  ( S h e l t o n  a n d  M e n z i e s , 

1 9 7 0 ) ,  .14  an d  .16  ( P u r s e r ,  1 9 6 5 ) ,  .1 1 an d  .16  ( F o g a r t y  e t  a l . ,  

1 9 8 2 ) ,  . 1 9  (Y o u n g  e t  a l . ,  1 9 6 3 ) ,  .2 7  (K a ra m  a n d  R a g a b ,  1 9 5 8 ) .  

S i m i l a r l y ,  low e s t i m a t e s  o f  h e r i t a b i l i t i e s  w e re  a l s o  fo u n d  f o r  number 

o f  l a m b s  w e a n e d :  .00  ( C l a r k e  a n d  H o h e n b o k e n ,  1 9 8 3 ) ,  .03  ( E i k j e ,  

1 9 7 5 ) ,  .0 5  ( P u r s e r ,  1 9 6 5 ) ,  .09  (Y oung e t  a l . , 1 9 6 3 ) ,  .0 0  an d  .02  

( M a r t i n  e t  a l . ,  1 9 8 1 ) .
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M a r t in  e t  a l .  (1980) n o te d  t h a t  h e r i t a b i l i t y  o f  l i t t e r  w e ig h t  was 

low t o  m o d e ra te .  I n  t h i s  s tu d y  th e y  o b t a i n e d  h e r i t a b i l i t y  e s t i m a t e s  o f  

l i t t e r  w e i g h t  a t  4 d i f f e r e n t  a g e s  r a n g i n g  f r o m  .0 7  t o  .2 4  u s i n g  s i r e  

c o m p o n e n t  e s t i m a t e s  ( p a t e r n a l  h a l f - s i b )  a n d  - . 0 8  t o  .21 u s i n g  dam - 

d a u g h t e r  r e g r e s s i o n .  F o r  w e i g h t  o f  l a m b s  a t  v a r i o u s  a g e s  a s  a 

com ponent o f  ewe p r o d u c t i v i t y ,  G je d re m  (1 9 6 7 )  r e p o r t e d  h e r i t a b i l i t y  

e s t i m a t e s  o f  .23  t o  .2 5  a n d  f o r  w e a n i n g  w e i g h t  t h e  e s t i m a t e  w as  . 17. 

E ik je  (1975) o b t a i n e d  h e r i t a b i l i t y  e s t i m a t e s  f o r  s p r i n g  a n d  w e a n in g  

w e ig h t  a s  ewe t r a i t s  o f  .14 and .12 u s in g  v a r i a n c e  com ponent a n a l y s i s  

a n d  .06 a n d  .0 9  u s i n g  r e g r e s s i o n  e s t i m a t e s .  C l a r k e  a n d  H o h e n b o k e n  

(1983) who worked w i t h  c r o s s b r e d  ew es e s t i m a t e d  t h e  h e r i t a b i l i t i e s  o f  

l i t t e r  w e i g h t  i n  A p r i l  a n d  l i t t e r  w e i g h t  a t  w e a n i n g  t o  b e  - . 0 2  a n d  

- . 0 5 ,  r e s p e c t i v e l y .

R e p e a t a b i l i t y  o f  e we p e r f o r ma n c e ^  Lush  ( 1945) d e f i n e d  t h e  

r e p e a t a b i l i t y  o f  a  c h a r a c t e r i s t i c  a s  t h e  d e g r e e  o f  l i k e n e s s  among 

r e p e a t e d  r e c o r d s .  I t  i n c l u d e s  a l l  v a r i a t i o n  d u e  t o  p e r m a n e n t  

d i f f e r e n c e s  b e tw e e n  ew es , and th u s  m e a s u re s  th e  a c c u r a c y  o f  p r e d i c t i n g  

f u t u r e  p r o d u c t i o n  on t h e  b a s i s  o f  p a s t  p r o d u c t i o n .  I t  c o n t a i n s  b o th  

g e n e t i c  and e n v i r o n m e n ta l  com ponents  o f  v a r i a t i o n .

Ewe w e i g h t  w as  h i g h l y  r e p e a t a b l e  i n  m o s t  s t u d i e s .  N ew to n  and  

F e n l o n  (1 9 7 9 )  w o r k i n g  w i t h  Masham e w e s  i n  tw o  f l o c k s  f o u n d  t h e  

r e p e a t a b i l i t i e s  o f  m a t in g  w e ig h t  to  be .53 and .52. High e s t i m a t e s  o f  

r e p e a t a b i l i t y  o f  ewe w e ig h t  w ere  a l s o  r e p o r t e d  by B uvanendran  e t  a l .

(1 9 8 1 )  i n  a s t u d y  on  N i g e r i a n  s h e e p  a n d  t h e i r  c r o s s e s  w i t h  e x o t i c  

b r e e d s  ( r e = .4 8 ) .  Y a l c i n  a n d  B i c h a r d  (1 9 6 4 )  i n  a  s t u d y  o f  c r o s s b r e d  

e w e s  i n  tw o  p l a c e s  r e p o r t e d  r e p e a t a b i l i t y  e s t i m a t e s  o f  .57  a n d  .4 8 .
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K is h o re  e t  a l .  (1982) who worked  w i t h  c r o s s b r e d  ew es (75? e x o t i c  and 

25? n a t i v e  i n h e r i t a n c e )  a l s o  r e p o r t e d  h ig h  v a lu e  o f  r e p e a t a b i l i t i e s  o f  

w e ig h t  a t  m a t in g  and w e ig h t  a t  l a m b in g .  They r e p o r t e d  r e p e a t a b i l i t y  

e s t i m a t e s  o f  .81 a n d  .5 4 ,  r e s p e c t i v e l y .  C l a r k e  a n d  H o h e n b o k e n  (1 9 8 3 )  

w o rk in g  w i t h  c r o s s b r e d  ew es ,  a s  w e l l ,  found  r e p e a t a b i l i t y  e s t i m a t e s  

o f  .6 1 .  R e p e a t a b i l i t y  e s t i m a t e s  o f  .62  a n d  .74  w e r e  r e p o r t e d  by 

M a r t i n  e t  a l .  ( 1981) f o r  p r e m a t i n g  ew e  w e i g h t  a n d  ew e  w e i g h t  8 wk 

a f t e r  l a m b in g ,  r e s p e c t i v e l y .

Low e s t i m a t e s  o f  r e p e a t a b i l i t y  o f  l i t t e r  s i z e  have  b e e n  n o te d  by 

s e v e r a l  w o rk e rs .  E ik je  (1975) r e p o r t e d  t h e  r e p e a t a b i l i t y  f o r  number o f  

l a m b s  b o r n  t o  be .0 5 .  S i m i l a r  low  e s t i m a t e s  w a s  r e p o r t e d  by R e n d e l  

( I 956) i n  a  s t u d y  on  f o u r  b r e e d s  i n  S w eden . Y a l c i n  a n d  B i c h a r d  (1 9 6 4 )  

i n  a  s t u d y  on c r o s s b r e d  e w e s  i n  t h r e e  p l a c e s  a l s o  r e p o r t e d  t h a t  t h e  

r e p e a t a b i l i t y  o f  l i t t e r  s i z e  w a s  l o w ,  t h e  v a l u e s  r a n g e d  f r o m  .04 

t o  .1 2 .  S h e l t o n  a n d  M e n z i e s  (1 9 7 0 )  i n  a s t u d y  on tw o  f l o c k  o f  

R a m b o u i l l e t s  r e p o r t e d  t h e  r e p e a t a b i l i t i e s  o f  .12  a n d  .1 5 .  S i m i l a r  

r e s u l t s  ( r e -  „15) w e r e  r e p o r t e d  by F o r r e s t  an d  B i c h a r d  (1 9 7 4 b ) .  

H o t t e r  (1 9 8 1 )  who s t u d i e d  1 /2  F i n n  x 1 /2  R a m b o u i l l e t  a n d  1 /4  F in n  x 

3 / 4  R a m b o u i l l e t  a l s o  r e p o r t e d  r e p e a t a b i l i t i e s  o f  .1 7  and  .1 6 ,  

r e s p e c t i v e l y .  A som ew hat h i g h e r  r e p e a t a b i l i t y  e s t i m a t e  ( .19) o f  l i t t e r  

s i z e  was r e p o r t e d  by C la rk e  and Hohenboken (1983). B reed  d i f f e r e n c e s  

i n  r e p e a t a b i l i t y  w e r e  r e p o r t e d  by P u r s e r  (1 9 6 5 )  who o b t a i n e d  

r e p e a t a b i l i t y  e s t i m a t e s  o f  .24 f o r  W elsh ewes and .19 f o r  B la c k fa c e

ewes
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D i f f e r e n c e s  o f  r e p e a t a b i l i t y  e s t i m a t e s  u s in g  d i f f e r e n t  m ethods o f  

e s t i m a t i o n  w e re  r e p o r t e d  by Young e t  a l .  (1963) w o rk in g  w i t h  M erino i n  

A u s t r a l i a .  They found  t h e  r e p e a t a b i l i t y  o f  .05  and .10 u s i n g  a n a l y s i s  

o f  v a r i a n c e  a n d  r e g r e s s i o n  m e t h o d s ,  r e s p e c t i v e l y .  F o g a r t y  e t  a l .

( 1 9 8 2 ) ,  b a s e d  on  i n t r a - c l a s s  c o r r e l a t i o n  a n d  p o o l e d  r e g r e s s i o n  

m e t h o d s ,  f o u n d  e s t i m a t e s  o f  .08  a n d  .1 6 ,  r e s p e c t i v e l y .  M a r t i n  e t  a l .

(1981) r e p o r t e d  r e p e a t a b i l i t y  r a n g in g  f ro m  .03 to  .09  w i th  an  a v e ra g e

o f  .07 .

R e l a t i v e l y  h i g h  r e p e a t a b i l i t y  o f  l i t t e r  s i z e  w a s  r e p o r t e d  by 

L e w e r  a n d  A l l i s o n  (1 9 8 0 )  i n  M e r in o  a n d  B o o r o o l a  x M e r in o  e w e s .  They 

r e p o r t e d  t h e  r e p e a t a b i l i t y  w as  .2 0  a n d  . 35 , r e s p e c t i v e l y .  H igh 

e s t i m a t e s  o f  r e p e a t a b i l i t y  o f  l i t t e r  s i z e  w ere  a l s o  r e p o r t e d  by Goot 

an d  M a i j a l a  (1 9 7 7 )  i n  F i n n i s h  L a n d r a c e ,  u s i n g  c o r r e l a t i o n  b e tw e e n  

l i t t e r  s i z e  a t  f i r s t  a n d  s e c o n d  l a m b i n g  ( r e = .3 0 ) .  T h e s e  r e s u l t s  

s u g g e s t  an  i n c r e a s e  i n  r e p e a t a b i l i t y  i n  f l o c k s  w i t h  a r a n g e  o f  I to  4 

o r  m ore th a n  i n  th o s e  w i t h  p re d o m in a n t ly  s i n g l e s  and t w i n s .

F o r  n u m b e r  o f  l a m b s  w e a n e d  Y o u n g  e t  a l .  ( 1 9 6 3 )  r e p o r t e d  

r e p e a t a b i l i t y  o f  .08  i n  A u s t r a l i a n  M e r in o .  M a r t i n  e t  a l .  (1 9 8 0 )  

e s t i m a t e d  r e p e a t a b i l i t y  o f  n u m b er  l a m b s  w e a n e d  t o  r a n g e  f ro m  - . 0 7  

t o  .10. S i m i l a r  low e s t i m a t e s  o f  r e p e a t a b i l i t y  w ere  r e p o r t e d  by P u r s e r  

( 1965) i n  B l a c k f a c e  ( .0 7 )  a n d  W e lsh  ( .1 0 )  e w e s .  Y a l c i n  a n d  B i c h a r d  

(1 9 4 b )  r e p o r t e d  l i t t e r  s i z e  r e a r e d  up  t o  10 -  12 wk t o  b e  .0 8 ,  .1 0 ,  

and  .04 , from  t h r e e  d i f f e r e n t  l o c a t i o n s .  S i m i l a r  r e s u l t s  w e re  r e p o r t e d  

by C la rk e  and Hohenboken (1983) who o b t a i n e d  a  r e p e a t a b i l i t y  e s t i m a t e

o f  .08,



T h e r e  a r e  tw o  d i f f e r e n t  c r i t e r i a  t o  m e a s u r e  r e a r i n g  a b i l i t y  o r  

m o r t a l i t y  a s  ewe t r a i t s .  P i p e r  e t  a l .  ( 1982) i n d i c a t e d  t h a t  r e a r i n g  

a b i l i t y  may be d e f in e d  f o r  an  i n d i v i d u a l  la m b in g  ewe a s  t h e  r a t i o  o f  

th e  number o f  la m b s  r e a r e d  o f  lam b  born . However, some s t u d i e s  t r e a t e d  

r e a r i n g  a b i l i t y  a s  a n  " a l l - o r - n o n e  c h a r a c t e r " ,  by u s i n g  " w e a n e d  a t  

l e a s t  one lam b  bo rn"  v e r s u s  "wean none".

S h e l to n  and M enzies  (1970) i n  a  s tu d y  o f  two R a m b o u i l le t ,  f l o c k s  

o b t a i n e d  e s t i m a t e s  o f  .06 and .10 f o r  r e p e a t a b i l i t y  o f  r e a r i n g  a b i l i t y  

d e f i n e d  a s  w e a n in g  a t  l e a s t  one lam b v e r s u s  w ean ing  none. F o g a r ty  e t  

a l .  (1982) u s in g  n e o n a ta l  s u r v i v a l  and p o s t n a t a l  s u r v i v a l  w h ich  w ere  

e s s e n t i a l l y  w ean ing  a t  l e a s t  one lam b v e r s u s  none found  r e p e a t a b i l i t y  

e s t i m a t e s  o f  .15  a n d  .03  u s i n g  i n t r a c l a s s  c o r r e l a t i o n  a n d  p o o l e d  

r e g r e s s i o n  f o r  n e o n a ta l  s u r v i v a l .  C o r re s p o n d in g  v a l u e s  f o r  p o s t n a t a l  

s u r v i v a l ,  r e s p e c t i v e l y  w e re  . 1 1 and .02.

P i p e r  e t  a l .  ( 1 9 8 2 ) ,  s t u d y i n g  a  M e r in o  f l o c k  a t  A r m i d a l e ,  

A u s t r a l i a  d e m o n s t r a t e d  t h a t  r e a r i n g  a b i l i t y  w a s  r e p e a t a b l e .  They 

e s t i m a t e d  t h e  r e p e a t a b i l i t y  on t h e  b a s i s  o f  r a t i o  o f  lam b s  weaned o f  

l a m b s  b o r n .  The e s t i m a t e s  o f  a d u l t  ( > 2 - y r - o l d )  e w e s  w e r e  .16  a n d  .15 

i n  t h e  tw o  f l o c k s .  I f  t h e  2 - y r - o l d  l a m b in g  o n ly  was u s e d  a s  t h e  p r i o r  

r e c o r d ,  th e  c o r r e s p o n d in g  e s t i m a t e s  o f  r e p e a t a b i l i t y  w e re  .05 and .12. 

They c o n c l u d e d  f r o m  t h i s  s t u d y  t h a t  2 - y r - o l d  r e c o r d  may be a  p o o r e r  

p r e d i c t o r  t h a n  l a t e r  r e c o r d s ,  a n d  t h e s e  e s t i m a t e s  i n d i c a t e d  t h a t  

s i g n i f i c a n t  g a i n  i n  c u r r e n t  f l o c k  p e r f o r m a n c e  c o u l d  be  a c h i e v e d  by 

c u l l i n g  ew es on th e  b a s i s  o f  r e a r i n g  a b i l i t y .

M a r t in  e t  a l .  (1981) e s t i m a t e d  t h e  r e p e a t a b i l i t y  o f  l i t t e r  w e ig h t  

a t  b i r t h ,  a t  4 ,  8 a n d  12 wk. The e s t i m a t e s  w e r e  .2 5 ,  .1 7 ,  .T l  a n d  .0 8 ,
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r e s p e c t i v e l y .  T h i s  s u g g e s t e d  t h a t  r e p e a t a b i l i t y  d e c r e a s e d  w i t h  

a d v a n c i n g  a g e ,  b e c a u s e  o f  d e c l i n i n g  m a t e r n a l  e f f e c t .  B l a c k w e l l  a n d  

H e n d e r s o n  (1 9 5 5 )  a l s o  r e p o r t e d  a  s i m i l a r  t e n d e n c y .  They f o u n d  t h e  

r e p e a t a b i l i t y  o f  b i r t h  w e i g h t  a n d  w e a n i n g  w e i g h t  w a s  .20  a n d  .0 8 ,  

r e s p e c t i v e l y .  B u v a n e n d r a n  e t  a l .  (1 9 8 1 )  i n  a n a l y z i n g  t h e  d a t a  o f  

N i g e r i a n  s h e e p  a n d  t h e i r  c r o s s e s  w i t h  e x o t i c  b r e e d s  a l s o  f o u n d  

d e c r e a s i n g  r e p e a t a b i l i t y  w i th  a d v a n c in g  age .  R e p e a t a b i l i t y  e s t i m a t e s  

o f  b i r t h  w e i g h t ,  3 mo a n d  6 mo w e i g h t s  w e r e  .2 5 ,  .2 1 ,  a n d  .0 9 ,  

r e s p e c t i v e l y .  H o w e v er ,  Y a l c i n  a n d  B i c h a r d  (1 9 6 4 b )  f o u n d  t h a t  t h e  

r e p e a t a b i l i t i e s  o f  lam b  w e ig h t  a t  7 d i f f e r e n t  a g e s  w ere  s i m i l a r ;  th e  

r e p e a t a b i l i t y  f o r  l a m b  b i r t h  w e i g h t ,  l a m b  w e i g h t  a t  4 2 ,  6 3 ,  7 6 ,  84 , 

115 d , a n d  l a m b  w e i g h t  a t  w e a n i n g  (1 2 5  d) w a s  . 1 8 , . 1 9 , . 2 0 , . 2 1  , . 1 9 , . 1 9 ,  

an d  .1 7 ,  r e s p e c t i v e l y .  N e w to n  a n d  F e n l o n  (1 9 7 9 )  i n  a  s t u d y  on  Masham 

ew es , h o w e v e r ,  fo u n d  r e p e a t a b i l i t y  e s t i m a t e s  o f  l i t t e r  w e i g h t  t o  

be  .3 4  w i t h o u t  c o r r e c t i o n  t o  l i t t e r  s i z e ,  a n d  .2 8  w hen  c o r r e c t e d  t o  

mean b i r t h  w e ig h t .

E i k je  (1975) s tu d y i n g  N orw egian  sh e e p  e s t i m a t e d  t h e  r e p e a t a b i l i t y  

o f  w e a n i n g  w e i g h t  t o  be  .1 6 .  H o w e v e r ,  F o g a r t y  e t  a l .  ( 1 982 ) f o u n d  

e s t i m a t e s  o f  .0 5  a n d  .1 2  u s i n g  i n t r a c l a s s  c o r r e l a t i o n  a n d  p o o l e d  

r e g r e s s i o n ,  r e s p e c t i v e l y .

There  i s  a  p a u c i ty  i n f o r m a t i o n  on e s t i m a t e s  o f  r e p e a t a b i l i t y  o f  

l a m b in g  i n t e r v a l .  K is h o re  e t  a l .  (1982) r e p o r t e d  t h e  r e p e a t a b i l i t y  o f  

l a m b in g  i n t e r v a l  to  be .18 .
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MATERIALS AND METHODS

F a c t o r s  a s s o c i a t e d  w i th  Iamb s u r v i v a l

The d a t a  f o r  t h i s  s tu d y  w ere  t h o s e  r e c o r d s  r e g u l a r l y  c o l l e c t e d  a t  

t h e  Red B l u f f  R e s e a r c h  R anch o f  t h e  A n im a l  a n d  R ange  S c i e n c e s  

D e p a r t m e n t ,  M o n ta n a  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  n e a r  N o r r i s ,  

Montana ( l a t i t u d e  45 .6°  N and  l o n g i t u d e  111.6° W). These d a t a  i n c l u d e d  

t h e  r e c o r d s  o f  R a m b o u i l le t ,  Targhee  and C o lum bia  lam b s  b o rn  d u r in g  t h e  

y e a r s  I960 to  1982.

Ma n a g e me n t  p r a c t i c e s __ an d  d a t a  c o l l e c t i o n .  A l l  a n im a ls  w ere

managed a s  r a n g e  ewes h e rd e d  on r a n g e  a r e a s  o f  th e  s t a t i o n  and on h ig h  

m o u n t a i n  N a t i o n a l  F o r e s t  S e r v i c e  a l l o t m e n t s .  They w ere  g a th e r e d  and 

b r o u g h t  t o  t h e  s t a t i o n  h e a d  q u a r t e r s  o n l y  d u r i n g  b r e e d i n g ,  l a m b i n g ,  

s h e a r i n g  and d a t a  c o l l e c t i o n  t im e s .  A l l  ewes w ere  m a te d  i n  November 

and December and th e  la m b s  w ere  b o rn  i n  A p r i l ,  and May. The ew es w ere  

p e n -m a te d  i n  s i n g l e - s i r e  g ro u p s  o f  20 t o  40 each  f o r  a p p r o x im a te ly  20 

d and th e n  m ass  m ated  to  B la c k f a c e  ram s  f o r  15 d. D uring  th e  b r e e d in g  

s e a s o n  m ix e d  h a y  an d  a l f a l f a  h a y  w e r e  s u p p l i e d  i n  a d d i t i o n  t o  

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

e w e s  w e r e  h e r d e d  t o g e t h e r  on  t h e  r a n g e  u n t i l  t h e  s t a r t  o f  l a m b i n g  

s e a s o n .  Hay w a s  a l s o  p r o v i d e d  w h e n e v e r  snow c o v e r  w a s  t o o  d e e p  f o r  

g r a z i n g  o r  s u f f i c i e n t  f e e d  was n o t  a v a i l a b l e  on t h e  r a n g e ,  g e n e r a l l y  5 

d a  y e a r .  Shed l a m b in g  was p r a c t i c e d .

S h o r t l y  a f t e r  p a r t u r i t i o n  ew es and lam b s  w ere  p l a c e d  i n  a  1.9 m2 

la m b in g  pen and k e p t  a b o u t  24 h o r  m ore d e p e n d in g  upon t h e  c o n d i t i o n  

o f  t h e  l a m b  a n d  m o t h e r i n g  a b i l i t y  o f  t h e  dam. Then  b o t h  t h e  dam and
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h e r  la m b (s )  w e re  moved t o  s m a l l  pens  w h e re  5 to  10 a n im a l s  can  be k e p t  

a t  a  t i m e  a n d  m a i n t a i n e d  f o r  5 t o  6 d p r i o r  t o  p u t t i n g  them  i n  a 

l a r g e r  g roup .

At b i r t h  t h e  n u m b er  o f  l a m b s  b o r n ,  t h e  s e x  a n d  b i r t h  w e i g h t  o f  

t h e  l a m b s  w e r e  r e c o r d e d .  The l a m b s  w e r e  e a r  t a g g e d ,  d o c k e d  a n d  som e 

m a le s  w e re  c a s t r a t e d  a t  t h i s  t im e  a s  w e l l .  S h e a r in g  was c o n d u c te d  i n  

A p r i l  j u s t  p r i o r  t o  lam b in g .

Ew es a n d  l a m b s  w e r e  t h e n  m oved b a c k  t o  t h e  lo w  f o o t h i l l  r a n g e  

w here  th e y  g r a z e d  u n t i l  t h e  f i r s t  week i n  J u l y ,  when th e y  w ere  w eighed  

a t  a p p r o x i m a t e l y  60 d o f  a g e ,  a n d  t h e n  t r u c k e d  t o  t h e  h i g h  m o u n t a i n  

N a t io n a l  F o r e s t  S e r v i c e  a l l o t m e n t .  D uring  t h e  f i r s t  w eeks o f  S ep tem ber  

w hen  t h e  l a m b s  w e r e  a p p r o x i m a t e l y  120 d o f  a g e ,  t h e y  w e r e  w e i g h e d ,  

weaned and moved back t o  t h e  s t a t i o n .

T r a i t s - a n a l y z e d .  T r a i t s  a n a ly z e d  i n  t h i s  s tu d y  w ere  s u r v i v a b i l i t y  

a t  a p p r o x i m a t e l y  60 d (SURV60), s u r v i v a b i l i t y  a t  120 d (SURVT20), 

s u r v i v a b i l i t y  be tw e en  60 t o  120 d (SURV60120) and b i r t h  w e ig h t .  I n  t h e  

a n a ly s e s  s u r v i v a l  t r a i t s  w ere  d e f i n e d  a s  " a l l - o r - n o n e  c h a r a c t e r s " .  A 

" o n e "  c o d e  i n d i c a t e d  t h e  l a m b  w a s  a l i v e  an d  a  " z e r o "  c o d e  i n d i c a t e d  

t h e  l a m b  w as  n o t  a l i v e  a t  t h e  p a r t i c u l a r  a g e .  A l l  d a t a  s t u d i e d  w e r e  

l i m i t e d  t o  t h a t  f ro m  l a m b s  b o r n  a l i v e  a n d  w h ic h  h a d  b i r t h  w e i g h t  

r e c o r d s .  L am bs w i t h  m i s s i n g  b i r t h  w e i g h t  w e r e  e x c l u d e d .  D a ta  f ro m  

a r t i f i c i a l l y  r e a r e d  and g r a f t e d  lam b s  w e re  a l s o  e x c lu d e d .

S u r v i v a b i l i t y  d a t a  w ere  a n a ly z e d  by m ethods  o f  l e a s t  s q u a r e s  f o r  

u n e q u a l  s u b c l a s s  number a s  d e s c r i b e d  by Harvey (1977).
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A n a l y t i c a l  m odel. The p r im a ry  model u s e d  i n  t h i s  s tu d y  was :

Yi j k l  = u + z i  + s i j  + Fk + G i jk l

w here  was t h e  s u r v i v a b i l i t y  o b s e r v a t i o n s ,  D was g e n e r a l  mean, Zi  

was t h e  y e a r  e f f e c t  c o n s id e r e d  a s  f i x e d ,  Si J r e p r e s e n t e d  random n e s te d  

e f f e c t  o f  s i r e  w i t h i n  y e a r ,  Fk  w a s  a n o t h e r  s e t  o f  f i x e d  e f f e c t s  an d  

e i j k l  w a s  t h e  r e s i d u a l  e r r o r  a s s u m e d  t o  be  r a n d o m l y  a n d  n o r m a l l y  

d i s t r i b u t e d .  The model assum ed t h a t  i n t e r a c t i o n  o f  random and f i x e d

e f f e c t s  w e r e  u n i m p o r t a n t .  S e t  o f  f i x e d  e f f e c t s  (Fic) f i t t e d  i n  t h e  

s tu d y  w ere  t h e  e f f e c t  o f  s e x  (m a le  and f e m a l e ) ,  ty p e  o f  b i r t h  ( s i n g l e ,  

t w i n ,  a n d  t r i p l e t ) ,  a g e  o f  dam ( 2 - y r - o l d  t o  6 y r  o r  o l d e r ) ,  a n d  

s i g n i f i c a n t  tw o way i n t e r a c t i o n .  S i g n i f i c a n t  tw o-w ay  i n t e r a c t i o n s  w ere  

d e t e r m i n e d  by p r e l i m i n a r y  a n a l y s i s .  T h r e e - w a y  a n d  h i g h e r  o r d e r  

i n t e r a c t i o n  w e re  assum ed t o  be u n im p o r ta n t .

The model a s  d e s c r i b e d  was f i r s t  a p p l i e d  t o  a n a ly z e  th e  d a t a  f o r  

b r e e d s  s e p a r a t e l y ,  th e n  t h e  d a t a  from  t h e  t h r e e  b r e e d s  w e re  combined 

i n  one  a n a l y s i s .  F o r  t h e  c o m b in e d  a n a l y s i s  Zi  i n  t h e  m o d e l  w a s  

c o n s i d e r e d  a s  c r o s s  c l a s s i f i e d  b r e e d - y e a r ,  a n d  Si ^ r e p r e s e n t e d  t h e  

random e f f e c t s  o f  s i r e s  n e s te d  w i t h i n  b r e e d - y e a r .

D a ta  w e r e  a l s o  a n a l y z e d  u s i n g  t h e  sa m e  m o d e l ,  b u t  b i r t h  w e i g h t  

w i t h i n  ty p e  o f  b i r t h  was i n c l u d e d  a s  a c o n t in o u s  v a r i a b l e  ( c o v a r i a t e ) ,  

i n  o r d e r  to  a s s e s s  t h e  e f f e c t  o f  b i r t h  w e ig h t  on s u r v i v a b i l i t y .  B i r t h  

w e ig h t  a s  a  r e s p o n s e  v a r i a b l e  was a l s o  a n a ly z e d  u s in g  t h e  same m odel.

D i s t r i b u t i o n  o f  o b s e r v a t i o n  f o r  each  b re e d  a c c o r d in g  t o  y e a r  o f  

b i r t h ,  t y p e  o f  b i r t h ,  a g e  o f  dam a t  l a m b i n g  a n d  s e x  i s  d i s p l a y e d  i n  

t a b l e  5 .
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TABLE 5 . NUMBER OEr LAMBS BY BREED, YEAR OF BIRTH, TYPE OF BIRTH, AGE
OF DAM AT LAMBING, AND SEX SUBCELL FOR SURV60, SURV120 AND SURV60120

R a m b o u l l le t Targhee Columbia
SURV60 SURV60120 SURV60 SURV60120 SURV60 SURV60120
SURV120 SURVI 20 SURV120

Year
60 301 241 246 219 172 149
61 315 244 249 211 164 145
62 431 328 209 180 134 115
63 272 222 270 220 150 126
64 302 226 305 259 103 87
65 189 146 314 275 73 59
66 207 175 292 253
67 220 196 349 316 81 69
68 187 168 340 298 76 60
69 233 213 376 340 156 137
70 238 215 343 294 252 220
71 294 257 316 287 289 257
72 286 244 275 241 244 220
73 287 258 252 224 233 154
74 249 234 227 205 161 142
75 289 243 211 186 158 135
76 227 183 234 188 176 130
77 185 165 153 144 140 124
78 228 203 154 137 112 96
79 279 214 167 133 124 81
80 265 208 192 145 139 104
81 249 188 128 105 87 68
82 250 204 146 122 48 34

Type o f b i r t h
I 2 ,5 6 3 2 ,2 4 9 2 ,2 5 0 2 ,071 1,352 1,192
2 3 ,297 2 ,6 5 4 3 ,3 8 8 2 ,8 5 0 1,839 1,466
3 123 72 110 61 81 54

Age o f dam
2 1,397 1,127 1,432 1,176 768 585
3 1,390 1,158 1,363 1,177 720 608
4 1,277 1,077 1,148 1,043 671 580
5 1,040 887 926 819 566 472
6+ 879 726 879 767 547 467

Sex
Male 2 ,8 9 4 2 ,3 9 8 2 ,8 0 4 2 ,4 0 2 1,653 1,368
Female 3 ,0 8 9 2 ,5 7 7 2 ,944 2 ,5 8 0 1 ,619 1,344

T o ta l 5 ,983 4 ,975 5 ,748 4 ,9 8 2 3 ,2 7 2 2 ,712
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To e v a l u a t e  b r e e d  d i f f e r e n c e s  i n  s u r v i v a b i l i t y  t h e  f o l l o w i n g  

model was a p p l i e d :

Yi j  = u + Fi  + eI j

w here :  Yi J was th e  s u r v i v a b i l i t y  o b s e r v a t i o n s ;  U was t h e  g e n e r a l  mean, 

was s e t  o f  f i x e d  e f f e c t s ,  and e ^ j  was r e s i d u a l  e r r o r  assum ed  t o  be 

r a n d o m l y  a n d  n o r m a l l y  d i s t r i b u t e d .  S e t  o f  f i x e d  e f f e c t s  (F ^)  f i t t e d  

w e r e  b r e e d ,  y e a r ,  t y p e  o f  b i r t h ,  a g e  o f  dam , s e x  a n d  i n t e r a c t i o n  

b e tw e en  ty p e  o f  b i r t h  and age  o f  dam.

H erita M .!i t y __and g e n e t i c  co rre la tio n  estim ates^  Estim ates of

h e r i t a b i l i t y  w ere  c a l c u l a t e d  b a se d  on

as2 / at 2

w here  Os ^ was th e  e s t i m a t e  o f  s i r e  v a r i a n c e  com ponent and  was th e  

t o t a l  v a r i a n c e  com ponent e s t i m a t e d  f ro m  t h e  sum o f  among s i r e s  (d s ^) 

and w i t h i n  s i r e  ( Ow2) v a r i a n c e  com ponen ts .

G e n e t ic  c o r r e l a t i o n  b e tw e en  tw o t r a i t s  w ere  com puted  by d i v i d i n g  

" f a m i ly "  c o v a r i a n c e  com ponent e s t i m a t e s  f o r  two t r a i t s  by g e o m e t r i c  

mean o f  t h e  two " f a m i ly "  v a r i a n c e  com ponent e s t i m a t e s .

Performance o f Indonesian sheep

The d a t a  f o r  t h i s  s t u d y  w e r e  o b t a i n e d  f ro m  tw o  s o u r c e s :  t h e  

R e se a rc h  I n s t i t u t e  f o r  Animal P r o d u c t io n  (RIAP) s t a t i o n  and  from  th e  

v i l l a g e s .  The v i l l a g e s  and s t a t i o n  a r e  l o c a t e d  i n  W est J a v a  p ro v in c e ,  

w i t h i n  l a t i t u d e  6 -  8° S and  l o n g i t u d e  106 -  109° E,

Management p r a c t i s e s  and d a t a  c o l l e c t i o n  a t  t h e  s t a t i o n .  The RIAP 

s h e e p  e x p e r i m e n t  s t a t i o n  i s  l o c a t e d  a t  C i c a d a s ,  B o g o r , W e s t  J a v a  

p r o v i n c e  l a t i t u d e  6 .3 o  S, l o n g i t u d e  1 0 6 .8o E a t  a n  a l t i t u d e  o f
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a p p r o x i m a t e ly  65 m. The s t a t i o n  r e c e i v e s  a n n u a l  p r e c i p i t a t i o n  o f  ab o u t  

2592  mm. The r a i n y  s e a s o n  w a s  e x p e r i e n c e d  f r o m  O c t o b e r  t o  A p r i l  an d  

d ry  s e a s o n  was t h e  r e s t  o f  t h e  y e a r .

T h e r e  w e r e  a p p r o x i m a t e l y  125 b r e e d i n g  f e m a l e s  i n  t h e  f l o c k  o f  

w hich  a p p r o x i m a t e ly  60% w e re  J a v a n e s e  t h i n - t a i l e d  (JTT) and  40% w ere  

F a t - t a i l e d  (FT ). JTT w e r e  i n  t h e  f l o c k  s t a r t e d  i n  I 978  a n d  p u r c h a s e d  

f ro m  G a ru t ,  W est Ja v a .  The FT w ere  p u rc h a s e d  f rom  G r a t i ,  E a s t  J a v a  and 

e n t e r e d  t h e  f l o c k  i n  1981.

A ll  o f  t h e  sheep  w e re  c o n f in e d  i n  wooden b a rn s ,  and c u t  and c a r r y  

f o r a g e s  w e r e  s u p p l i e d .  The p r i m a r y  f o r a g e  u n t i l  m i d - ' l 980 w as  

B r a c h i a r i a  decum bens . and a f t e r  t h a t  p e r i o d  a m ix tu r e  o f  P en n ise tu m  

purpureum  w i t h  s m a l l  am oun ts  o f  Panicum maximum and S e t a r i a  sp . was 

p ro v id e d .  S u p p le m e n ta ry  f e e d i n g  was a l s o  p r a c t i c e d  u s in g  a  c o n c e n t r a t e  

r a t i o n  composed o f  r i c e  b ra n ,  c o c o n u t  o i l  m e a l ,  c o rn  and m in e r a l  mix. 

The c o n c e n t r a t e  r a t i o n  w a s  g i v e n  a p p r o x i m a t e l y  a t  a  r a t e  o f  400 g / d  

f o r  a d u l t s  and 250 g / d  f o r  lam b s .

The e w e s  w e r e  h a n d  m a t e d  a t  f i r s t  e s t r u s  a f t e r  l a m b s  w e r e  

weaned. Ewes w h ich  l o s t  t h e i r  lam bs  b e f o r e  w ean ing  w ere  b re d  a s  soon  

a s  th e y  showed e s t r u s .  However, t h i s  b r e e d in g  m anagement was p r a c t i c e d  

o n l y  u n t i l  e a r l y  1981. A f t e r  t h a t  p e r i o d ,  p e n  m a t i n g  i n  s i n g l e  s i r e  

g ro u p s  was p r a c t i c e d  i n  a  s m a l l '  f l o c k  o f  a p p r o x im a te ly  10 ew es f o r  one 

ra m . Ewes w e r e  r u n  c o n t i n u o u s l y  w i t h  t h e  ram  e x c e p t  d u r i n g  n u r s i n g  

p e r i o d s .  Ewes t h a t  l o s t  t h e i r  lam bs  w e re  p u t  i n  t h e  b r e e d i n g  f l o c k  a s  

soon  a s  p o s s i b l e .

Lambs w e re  e a r  t a g g e d  a t  b i r t h  and t h e i r  s e x ,  ty p e 1 p f  b i r t h ,  dam, 

s i r e  and w e ig h t  ( w i t h i n  12 h) w ere  r e c o r d e d .  N av e ls  w ere  t r e a t e d  w i t h
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t i n c t u r e  o f  i o d i n e  s o l u t i o n .  D o c k in g  a n d  c a s t r a t i n g  w e r e  n o t  

p r a c t i c e d .  Lambs w ere  w e ighed  w eek ly  u n t i l  th e y  w ere  weaned a t  a g e s  

r a n g i n g  f ro m  12 t o  13 wk a c c o r d in g  t o  t h e i r  c o n d i t i o n .  .

W eaned l a m b s  w e r e  t h e n  r a i s e d  i n  p e n s  a n d  f e d  w i t h  f o r a g e s  a n d  

c o n c e n t r a t e  r a t i o n  a s  d e s c r i b e d .  Ewe l a m b s  a n d  ram  l a m b s  w e r e  

s e p a r a t e d  i n t o  d i f f e r e n t  p e n s  a t  5 mo. From w e a n i n g  t o  12 mo o f  a g e  

lam b s  w e re  w e ighed  b iw e e k ly .

Young ew es w e re  b re d  a t  a p p r o x im a te ly  19 kg o r  a t  I y r  o f  age i f  

th ey  had  n o t  a c h ie v e d  th e  s t a n d a r d  w e ig h t  by t h a t  age . W eigh t o f  ewes 

w e re  a l s o  r e c o r d e d  a t  b iw e e k ly  i n t e r v a l s .

F o r  t h i s  s t u d y  t h e  JTT d a t a  w e r e  c o l l e c t e d  f r o m  l a t e  1978 t o  

e a r l y  19 8 2 ,  a n d  t h e  FT d a t a  w e r e  c o l l e c t e d  f r o m  m i d - 1981 t o  e a r l y  

1982.

Management p r a c t i c e s  and d a t a D ata  from

th e  v i l l a g e s  w ere  c o l l e c t e d  f rom  s m a l l h o l d e r  f a rm s  i n  t h r e e  l o c a t i o n s  

( G a r u t  (GAR), C ib u r u y  (CIB) a n d  C i r e b o n  (C IR ) ) .  T hose  t h r e e  l o c a t i o n s  

r e p r e s e n t e d  h i g h  e l e v a t i o n ,  m ed ium  e l e v a t i o n  a n d  l o w l a n d  a r e a ,  

r e s p e c t i v e l y .  The number o f  s m a l l  h o l d e r  f a r m s  m o n i to re d  w e re  29 f o r  

GAR, 29 f o r  CIB a n d  15 f o r  CIR. The e n v i r o n m e n t  o f  t h o s e  t h r e e  a r e a s  

i s  p r e s e n t e d  i n  t a b l e  6 .  The b r e e d  t y p e  i n  t h o s e  a r e a s  w a s  JTT s h e e p  

k e p t  i n  s m a l l  f l o c k s .  A v e ra g e  f l o c k  s i z e  w as  a b o u t  4 t o  5 h e a d .  

M a n a g e m e n t ,  h o w e v e r ,  v a r i e d  g r e a t l y .  S h e e p  i n  GAR w e r e  c o n f i n e d  i n  

s l a t t e d  f l o o r  h o u s e s  a n d  f e d  e x c l u s i v e l y  c u t  an d  c a r r y  g r a s s e s  a n d  

c r o p  r e s i d u e s .  At CIB, s h e e p  w e r e  h o u s e d  s i m i l a r l y  a n d  w e r e  f e d  c u t  

an d  c a r r y  g r a s s ,  b u t  w e r e  s o m e t i m e s  a l l o w e d  t o  g r a z e  u n d e r  r u b b e r  

t r e e s  i n  t h e  n e a r b y  p l a n t a t i o n .  S h e e p  i n  CIR w e r e  a l s o  c o n f i n e d ,  b u t
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t h e y  g r a z e d  r e g u l a r l y  on  s a l t  o r  f i s h  pond  l e v e e s  a l o n g  t h e  c o a s t .  A 

s e v e r e  worm p rob lem  was i d e n t i f i e d  a t  CIR.

At GAR, ewes w ere  hand  m ated . There  w ere  two d e c i s i o n s  to  b ree d  

a f t e r  la m b in g ,  d e te r m in e d  by e s t r u s  b e h a v i o r  c h a r a c t e r i s t i c s  and  by 

t im e  from  p a r t u r i t i o n  t h a t  ra n g e d  from  7 to  16 wk. The ram was u s u a l l y  

a l lo w e d  to  m ate  th e  ewe t h r e e  o r  f o u r  t im e s  ( B e l l  and In o u n u , 1982). A 

s i m i l a r  b r e e d in g  sy s te m  was co n d u c te d  i n  CIB a r e a .  However, i n  CIR pen 

m a t i n g  a n d  m a s s  m a t i n g  w e r e  p r a c t i c e d .  T h e r e f o r e ,  i n f o r m a t i o n  

c o n c e r n in g  t h e  s i r e  o f  t h e  lam b s  was unknown i n  CIR.

TABLE 6. ENVIRONMENT OF CIR, CIB, GAR

CIR CIB GAR

L a t i t u d e  ( °  S) 6 .8 6 .8 7 .2
L o n g i tu d e  ( °  E) 108.5 106.7 107 .9
E l e v a t io n  (m) O-H H50 600-700
Topography l e v e l u n d u l a t i n g h i l l y
S o i l  t e x t u r e s i l t  loam n . a . sandy
P r e c i p i t a t i o n  (mm/yr) 1 ,128 H, 500 2 ,0 0 0
Average t e m p . ( °  C) 28 23 25
C u l t i v a t e d  l a n d  (ha) 811 n . a . 1,H95
U n c u l t i v a t e d  l a n d  (h a ) 269 n . a . 679
R a in fe d  r i c e  f i e l d  (h a ) 755 127 259
Dry la n d  (ha ) 56 13 1,236
E s t a t e  (h a ) 0 H6 0
Communal p a s t u r e  (ha ) IH 16 0
F o r r e s t  (h a ) 0 0 H33

S o u r c e : K n ip s c h e e r  and  S o e d jan a  (1 9 8 2 ) .  
n . a . = n o t  a v a i l a b l e .

Lambs w ere  weaned a t  a p p r o x im a te ly  t h r e e  m onths o f  age . There  was 

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

t h a t  w as  b a s e d  on a  s i n g l e  v i s i t  som e e w e s  a t  I y r  o f  a g e  ( I  p a i r  o f



p e r m a n e n t  t e e t h )  a l r e a d y  .,had l a m b s  ( S i t o r u s  a n d  S u b a n d r i y o ,  1 9 8 2 ) .  

T h is  i n d i c a t e d  t h a t  ew es w ere  b re d  u n d e r  I y r  o f  age.

T h i s  s t u d y  w as  p a r t  o f  t h e  m o n i t o r i n g  p r o g r a m  f o r  t h e  v i l l a g e  

p r o j e c t  o f  S m a l l  R u m in a n t  C o l l a b o r a t i v e  R e s e a r c h  S u p p o r t  P ro g ra m  -  

R e s e a r c h  I n s t i t u t e  f o r  A n im a l  P r o d u c t i o n  (SR -C R SP/R IA P). D a ta  w e r e  

c o l l e c t e d  a n d  m o n i t o r e d  by SR-CRSP/RIAP s t a f f  who l i v e d  i n  t h e  

v i l l a g e s  w here  t h e  s tu d y  was co n d u c te d .  M onth ly  v i s i t s  and  r e c o r d i n g  

was a p p l i e d  to  o b t a i n  t h e  d a ta .  The d a t a  f rom  CIB w ere  c o l l e c t e d  from  

m id - 1 9 8 0  t o  t h e  l a t e  1982 ; i n  CIR t h e  d a t a  w e r e  c o l l e c t e d  f r o m  m id -  

1981 t o  l a t e  1982; ho w ev er ,  i n  GAR. th e  d a t a  w ere  c o l l e c t e d  f rom  m id-  

1981 and t e r m i n a t e d  i n  t h e  b e g in n in g  o f  1982, b e c a u se  o f  t h e  e r u p t i o n  

o f  a  v o lc a n o  n e a r  th e  a r e a  w h ere  th e  s tu d y  was c a r r i e d  o u t .

Growth c h a r a c t e r s  a n a ly z e d .  Under s t a t i o n  and v i l l a g e  c o n d i t i o n s  

d a t a  s e t s  o f  t h e  f o l l o w i n g  w e i g h t s  w ere  a n a ly z e d :  b i r t h  w e ig h t  (BW); 

w e ig h t  a t  30 d (W30); w e ig h t  a t  60 d (W60); w ean ing  w e i g h t  w hich  was 

t a k e n  a t  f i x e d  a g e  o f  90 d (WWT), w e i g h t  a t  120 d (W 120);  w e i g h t  a t  

150 d (W 150); w e i g h t  a t  1 80 d ( iWlSO),; w e i g h t  a t  270  d (W270i); a n d  

y e a r l i n g  w e i g h t  (YWT). T h e s e  d a t a  w e r e  o b t a i n e d  b y  l i n e a r  

i n t e r p o l a t i o n  b e tw e en  w e i g h t s  r e c o r d e d  b e f o r e  and a f t e r  t h e  p a r t i c u l a r  

age  i n  q u e s t i o n .  '

Average d a i l y  g a i n s  w e re  a n a ly z e d  f rom  b i r t h  to  w e a n in g  a t  90 d 

(PREWG), an d  g a i n  f r o m  w e a n i n g  a t  90 d t o  180 d (POSTWG). A v e ra g e  

d a i l y  g a i n  ( g / d )  w a s  c a l c u l a t e d  a s  t h e  d i f f e r e n c e  b e t w e e n  

c o r r e s p o n d in g  w e ig h t  a t  two d i f f e r e n t  a g e s  d iv id e d  by t h e  d i f f e r e n c e  

b e tw e en  tw o c o r r e s p o n d in g  a g e s .

64
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G ro w th  c h a r a c t e r s  w e r e  a n a l y z e d  by l e a s t  s q u a r e s  m e th o d s  f o r  

u n e q u a l  s u b c l a s s  number a s  d e s c r i b e d  by H arvey (1 9 7 7 ) .
I

Ewe-Pejpformances. a n a ly z e d .  S e t s  o f  d a t a  u n d e r  s t a t i o n  and v i l l a g e  

c o n d i t i o n s  f o r  t h e s e  t r a i t s  w e r e :  l i t t e r  s i z e  (L S IZ E );  l i t t e r  s i z e  

w e a n e d  (LSWEAN); n e o n a t a l  s u r v i v a l  (RSURV); l i v a b i l i t y  a t  30 d 

(L IV 3 0 ) ;  l i v a b i l i t y  a t  60 d (L IV 6 0 ) ;  l i v a b i l i t y  a t  90 d (L IV 90);

l i t t e r  w e ig h t  a t  b i r t h  (LTWTB); l i t t e r  w e ig h t  a t  30 d (LTWT30); l i t t e r  

w e i g h t  a t  60 d (LTWT60); l i t t e r  w e i g h t  a t  90 d (LTWT90); w e i g h t  a t  

m a t in g  (MTWT); p o s tp a r tu m  w e ig h t  (PPWT); and  l a m b in g  i n t e r v a l  (LINT). 

T r a i t s  a n a ly z e d  were d e f i n e d  a s  f o l l o w s :

1. L i t t e r  s i z e  w as  n u m b er  o f  l a m b s  b o r n  a t  b i r t h  ( i n c l u d i n g  s t i l l  

b i r t h ) .

2. L i t t e r  s i z e  weaned was number o f  lam b s  a l i v e  a t  w ean in g  (90 d o f  

a g e ) .

3 .  N e o n a t a l  s u r v i v a l  w as t h e  p r o p o r t i o n  o f  l a m b s  a l i v e  a t  b i r t h  

d iv id e d  by number o f  lam b s  born .

4 .  L i v a b i l i t y  a t  3 0 ,  6 0 ,  an d  90 d w e r e  d e f i n e d  a s  n u m b e r  o f  l a m b s  

a l i v e  a t  th e  c o r r e s p o n d in g  age  d iv id e d  by th e  number o f  la m b s  a l i v e  

a t  b i r t h .

5 .  L i t t e r  w e i g h t  a t  b i r t h  w as  t h e  sum o f  l a m b  b i r t h  w e i g h t s  (k g )  i n  

e a ch  l i t t e r .

6 . L i t t e r  w e i g h t  a t  3 0 ,  6 0 ,  an d  90 d w a s  t h e  t o t a l  w e i g h t  o f  l a m b s  

(kg) from  a  p a r t i c u l a r  ewe a t  th e  c o r r e s p o n d in g  age.

7 .  L a m b in g  i n t e r v a l  (d )  w as m e a s u r e d  by i n t e r v a l  b e t w e e n  tw o

p a r t u r i t i o n s .



66

8. W e ig h t  a t  m a t i n g  w as  t h e  ew e w e i g h t  a p p r o x i m a t e l y  5 mo b e f o r e  

p a r t u r i t i o n .

9. P o s tp a r tu m  w e ig h t  was t h e  ewe w e ig h t  a t  a p p r o x im a te ly  I mo a f t e r  

p a r t u r i t i o n .

Ewe p e r fo rm a n c e  d a t a  w e re  a n a ly z e d  by l e a s t  s q u a r e s  m ethods  f o r  

u n e q u a l  s u b c l a s s  number (H a rv e y ,  1977).

A n a l y t i c a l __ mo d a l . -  The g e n e r a l  m o d e l  u s e d  t o  a n a l y z e  . ,g ro w th

c h a r a c t e r s  and ewe p e r fo rm a n c e s  was:

Yi j  = U + Fi  + e i j

w h ere :  Y^j was g ro w th  c h a r a c t e r s  o r  ewe p e r fo rm a n c e  o b s e r v a t i o n s ,  U 

w as  t h e  g e n e r a l  m ean , w e r e  s e t s  o f  f i x e d  e f f e c t s  t h a t  i n c l u d e d  

d i s c r e t e  o r  c o n t i n o u s  v a r i a b l e s ,  and e ^ j  w e re  r e s i d u a l  e r r o r s  assum ed 

t o  be ran d o m ly  and n o r m a l ly  d i s t r i b u t e d .

A n a l y t i c a l  p r o c e d u r e s  f o r  g r o wt h  t r a i t s .  The d i s t r i b u t i o n  o f  

o b s e r v a t i o n s  f o r  g r o w t h  c h a r a c t e r s  u n d e r  s t a t i o n  c o n d i t i o n s  i s  

d i s p l a y e d  i n  t a b l e  7» c l a s s i f i e d  a c c o r d i n g  t o  i n d e p e n d e n t  v a r i a b l e s  

s t u d i e d .  Two way i n t e r a c t i o n s  and l i n e a r  and q u a d r a t i c  r e g r e s s i o n  of, 

g r o w t h  t r a i t s  on  a g e  o f  dam a t  l a m b i n g  ( i n  m o n th )  a n d  b i r t h  w e i g h t  

w e re  a l s o  i n c l u d e d  i n  t h e  a n a ly s e s .

The n u m b e r  o f  r e c o r d s  o b t a i n e d  u n d e r  v i l l a g e  c o n d i t i o n s  a r e  

p r e s e n t e d  i n  t a b l e  8 c l a s s i f i e d  by t h e  in d e p e n d e n t  v a r i a b l e s  s tu d i e d .  

The l i n e a r  and q u a d r a t i c  r e g r e s s i o n s  o f  g ro w th  t r a i t s  on b i r t h  w e ig h t  

and two way i n t e r a c t i o n s  w e re  i n c l u d e d  i n  th e  a n a ly s e s .  Only t h e  two 

way i n t e r a c t i o n s  a n d  c o v a r i a t e s  f o u n d  t o  be s i g n i f i c a n t  (p < .1 )  i n  

p r e l i m i n a r y  a n a l y s e s  a r e  r e p o r t e d .
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G ro w th  c u r v e .  G ro w th  c u r v e s  u s i n g  t h e  e q u a t i o n  W = a  w e r e  

d e r i v e d  from  th e  f o l l o w i n g  d a t a :  l e a s t  s q u a r e s  means f ro m  th e  a n a l y s i s  

o f  w e ig h t s  a t  d i f f e r e n t  a g e s  f o r  la m b s ,  l e a s t  s q u a r e s  means f o r  m a t in g  

and p o s t  parturn  w e i g h t s  o f  ewes a t  d i f f e r e n t  a g e s  i n  t h e  v i l l a g e  d a ta ,  

and s im p l e  means f o r  m a t in g  and p o s tp a r tu m  a g e s  and w e i g h t s  o f  ewes i n  

t h e  s t a t i o n  d a t a .  The d a t a ,  c o r r e s p o n d i n g  a g e s  a n d  w e i g h t s ,  w e r e  

t r a n s f o r m e d  t o  n a t u r a l  l o g a r i t h m s  and t h e  l i n e a r  r e g r e s s i o n  o f  I n  W on 

I n  A was com puted  f o r  JTT sheep  u n d e r  v i l l a g e . c o n d i t i o n s  and  f o r  JTT 

and FT sh e ep  u n d e r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s .  These e q u a t i o n s  ( In  

W = I n  a  + b I n  A) w e r e  t r a n s f o r m e d  t o  t h e  e x p o n e n t i a l  f o r m  : W = a 

Ab .

A n a l y t i c a l  p r o c e d u r e s  f o r  ewe p e r fo rm a n c e .  The d i s t r i b u t i o n  o f  

o b s e r v a t i o n  f o r  ewe p e rfo rm a n c e  t r a i t s  u n d e r  s t a t i o n  c o n d i t i o n s  a r e  

sh o w n  i n  t a b l e s  9 a n d  10 c l a s s i f i e d  a c c o r d i n g  t o  i n d e p e n d e n t  

v a r i a b l e s  s t u d i e d .  Two way i n t e r a c t i o n s  an d  l i n e a r  a n d  q u a d r a t i c  

r e g r e s s i o n  o f  ewe p e r fo rm a n c e  t r a i t s  on ewe age ( i n  m onth) a t  la m b in g  

(ewe age a t  m a t in g  f o r  m a t in g  w e ig h t )  i n c l u d e d  i n  th e  a n a l y s i s .

The n u m b er  o f  r e c o r d s  o b t a i n e d  u n d e r  v i l l a g e  c o n d i t i o n s  a r e  

p r e s e n t e d  i n  t a b l e s  11 and 12, c l a s s i f i e d  by th e  i n d e p e n d e n t  v a r i a b l e s  

s t u d i e d .  Two way i n t e r a c t i o n s  w e re  i n c l u d e d  i n  t h e  a n a ly s e s .  As i n  t h e  

g ro w th  c h a r a c t e r s ,  tw o way i n t e r a c t i o n s  found  to  be s i g n i f i c a n t  (p<.1) 

i n  p r e l i m i n a r y  a n a l y s e s  a r e  r e p o r t e d .
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TABLE 7 .  NUMBER OF LAMBS IN EACH BREED, SEX, TYPE OF BIRTH, YEAR AND 
MONTH OF LAMBING SUBCELL FOR GROWTH CHARACTERS UNDER STATION

CONDITIONS

V a r ia b l e BW W30 W60 WWT
PREWG

W120 Wl 50 Wl 80 
POSTWG

W270 YWT

Breed
JTT 298 168 166 158 149 131 116 74 54
FT 51 32 31 29 24 a a a e e a

Sex
F 201 103 101 97 93 71 61 37 23
M 148 97 96 90 80 60 55 37 31

Type o f  
I

b i r t h
78 57 57 56 53 40 35 15 12

2 132 84 82 76 68 49 44 31 24
3 84 37 36 35 33 25 21 13 7
IJ+ 55 22 22 20 19 17 16 15 11

Year
1979 93 28 28 28 28 28 28 26 23
1980 68 46 46 46 45 43 41 33 24
1981 188 126 123 113 100 60 47 15 7

Month
J 24 16 16 9 9 4 4 4 4
F 14 10 10 10 10 9 9 8 4
M 32 14 14 14 14 14 14 11 10
A 18 5 5 5 5 5 5 5 4
M 11 7 7 7 7 6 6 5 I
J 8 6 6 6 6 5 4 3 I
J 26 19 19 19 18 14 14 12 8
A 33 19 18 17 16 16 15 I a
S 62 39 38 37 36 32 23 6 6
0 57 33 32 31 30 11 9 8 7
N 41 18 18 18 14 7 7 7 5
D 23 14 14 14 8 8 6 4 4

T o ta l 349 200 197 187 173 131 116 74 54

a No o b s e r v a t i o n .
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TABLE 8 .  NUMBER OF LAMBS IN EACH LOCATION, SEX, AGE OF DAM AT 
LAMBING, TYPE OF BIRTH, YEAR AND MONTH OF LAMBING SUBCELL FOR GROWTH 

CHARACTERS UNDER VILLAGE CONDITIONS

V a r ia b l e BW W30 W60 WWT
PREWG

W120 Wl 50 Wl 80 
POSTWG

W270 YWT

L o c a t io n
CIB 277 224 199 189 164 144 123 63 32
CIR 58 44 34 30 25 20 18 14 9
GAR 92 84 76 65 62 41 16 a . . . a

Sex
F

^rOOS

162 151 131 110 85 42 22
M 193 168 147 133 120 95 72 35 19

Year
I960 29 23 23 23 19 16 11 3 > C
1981 181 155 145 138 126 120 105 61 • • •
1982 217 174

Age o f  dam*3
141 123 106 69 41 13 . . .

I 55 47 43 42 38 28 21 15 7
2 210 181 159 145 129 108 74 33 17
3 98 72 63 60 51 42 37 17 12
4+

Type o f
64 52

b i r t h
44 37 33 27 25 12 5

I 173 152 130 118 102 85 70 36 20
2 208 173 152 141 128 103 75 38 21
3+ 46 27 27 25 21 17 12 3 d

Month
J 53 43 37 35 35 32 13 6 I
F 48 38 36 35 35 22 19 10 3
M 26 20 20 20 15 9 8 2 I
A 17 13 13 10 9 9 8 3 I
M 25 22 17 12 11 7 7 2 2
J 27 23 22 22 21 20 16 9 5
J 37 29 29 26 25 14 12 8 7
A 48 39 31 31 20 18 14 6 3
S 42 33 38 24 22 19 13 6 5
0 43 36 24 19 17 17 16 10 6
N 34 32 30 28 21 21 16 7 5
D 27 24 22 22 20 17 15 8 2

T o ta l 427 352 309 284 251 205 157 77 41

a Only CIB and CIR a n a ly z e d .
b Age o f  dam a t  lam b ing  : I =tem p o ra ry  t e e t h  and 2 - t o o t h ,  2 = 4 - to o th ,
3 = 6 - t o o t h ,  and 4 = f u l l  m outh . 
c Year e f f e c t  was com bined, 
d Combined w i th  tw in -b o r n  lam bs.
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TABLE 9 .  NUMBER OF EWES IN EACH BREED, YEAR OF LAMBING, NUMBER LAMBS 
BORN AND MONTHS OF LAMBING SUBCELL FOR LITTER SIZE (L S IZ E ), LITTER 
SIZE WEANED (LSWEAN), WEIGHT AT MATING (MTWT), POSTPARTUM WEIGHT 

(PPWT) AND LAMBING INTERVAL (LINT) UNDER STATION CONDITIONS

V a r ia b le LSIZE LSWEAN MTWT PPWT LINT

Breed
JTT 182 105 98 114 100
FT 46 32 25 33 13

Year
1979 37 • e . • e . 6 35
1980 35 35 49a 35 20
1981 101 102 74 106 58
1982 55 . . . c . . . e . . . ° C

No. bo rn
I . . . 63 . . . 65 40
2 . . . 49 . . . 51 39
3 17 . . . 21 23
H+ 8 . . . 10 11

Month
J 12 8 3b 12 4
F 6 6 11 6 5
M 18 4 16 4 17
A 17 3 28 3 10
M 8 4 22 4 5
J 5 4 12 4 3
J 31 13 9 13 12
A 22 17 11 17 8
S 33 32 6 32 16
0 34 23 3 25 16
N 18 12 I 14 12
D 24 11 I 13 5

T o ta l 228 137 123 147 113

a Year o f  m a t in g .  
b Month o f  m a t in g .  
c Not a v a i l a b l e .
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TABLE 10. NUMBER OF EWES IN EACH BREED, NUMBER OF LAMBS BORN, YEAR AND 
MONTH OF LAMBING SUBCELL FOR LITTER WEIGHTS AND LIVABILITIES UNDER

STATION CONDITIONS

V a r ia b l e LTWTB LTWT30 LTWT60 LTWT90 NSURV LIV30 LIV60 LIV 90

Breed
JTT 108 108 108 105 108 108 108 105
FT 33 33 33 32 33 33 33 32

No. bo rn
I 64 64 64 63 64 64 64 63
2 51 51 51 49 51 51 51 49
3 17 17 17 17 17 17 17 17
4+ 9 9 9 8 9 9 9 8

Year
1980 35 35 35 35 35 35 35 35
1981 106 106 106 102 106 106 106 102

Month
J 12 12 12 8 12 12 12 8
F 6 6 6 6 6 6 6 6
M 4 4 4 4 4 4 4 4
A 3 3 3 3 3 3 3 3
M 4 4 4 4 4 4 4 4
J 4 4 4 4 4 4 4 4
J 13 13 13 13 13 13 13 13
A 17 17 17 17 17 17 17 17
S 32 32 32 32 32 32 32 32
0 23 23 23 23 23 23 23 23
N 12 12 12 12 12 12 12 12
D 11 11 11 11 11 11 11 11

T o ta l 141 141 141 137 141 141 141 137
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TABLE 11. NUMBER OF EWES IN EACH LOCATION, NUMBER BORN, EWE AGE AT 
LAMBING, YEAR AND MONTH OF LAMBING SUBCELL FOR LITTER SIZE (LSIZE), 
LITTER SIZE WEANED (LSWEAN), WEIGHT AT MATING (MTWT), POSTPARTUM 

WEIGHT (PPWT) AND LAMBING INTERVAL (LINT) UNDER VILLAGE CONDITIONS

V a r ia b le LSIZE LSWEAN MTWT PPWT LINT

L o c a t io n
CIB 198 184 139 197 70
CIR 51 47 28 51 13
GAR 57 48 45 57 a

Year
1980 29 28 18 28 15
1981 132 131 143 132 56
1982 145 120 51 145 12

No. bo rn
I . . . 168 . . . 182 51
2 97 . . . 109 32
3+ . . . . 14 . . . 14 b

Ewe a g e 0
I 56 54 31 55 22
2 145 132 102 145 33
3 65 62 45 65 22
H+ 40 31 34 40 6

Month
J 31 30 13c 31 6
F 34 33 17 33 9
M 18 18 25 18 7
A 18 16 17 18 7
M 16 11 20 16 I
J 22 22 19 22 4
J 26 25 11 26 6
A 33 33 31 33 8
S 28 23 28 28 11
0 32 21 10 32 8
N 26 25 6 26 8
D 22 22 15 22 9

T o ta l 306 305 212 305 83

a Not a v a i l a b l e .
D Combined w i th  tw in -b o rn lam bs.
°  Month o f m a t in g .
0 Ewe age a t  lam b in g :  I r tem porary and 2 - t o o th , 2 r 4 - t o o t h , 3 = 6 - to o th ,
and H r f u l l  m outh.
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TABLE 12. NUMBER OF EWES IN EACH LOCATION, NUMBER OF LAMBS BORN, EWE 
AGE AT LAMBING, YEAR AND MONTH OF LAMBING SUBCELL FOR LITTER 

WEIGHTS AND LIVABILITIES UNDER VILLAGE CONDITIONS

V a r ia b l e LTWTB LTWT30 LTWT60 LTWT90 NSURV LIV30 LIV60 LIV90

L o c a t io n
CIB 185 184 175 171 198 198 189 186
CIR 51 51 48 47 51 51 48 47
GAR 55 55 51 46 57 57 53 49

Year
1980 19 19 19 19 29 29 29 29
1981 127 127 126 126 132 132 131 131
1982 145 44 129 119 145 145 130 122

Ewe a g e 3
I 46 46 45 44 56 56 55 55
2 143 142 135 131 145 145 137 133
3 62 62 58 58 65 65 62 62
4+ 40 40 36 31 40 40 36 32

No. born
I 173 172 163 158 182 182 173 169
2 104 104 97 92 110 110 103 99
3+ 14 14 14 14 14 14 14 14

Month
J 31 31 31 31 31 31 31 30
F 33 33 32 32 34 34 34 34
M 14 14 14 14 18 18 18 18
A 14 14 14 12 18 18 18 16
M 16 16 13 10 16 16 13 12
J 21 21 21 21 22 22 22 22
J 25 25 25 24 26 26 26 25
A 32 32 32 32 33 33 33 33
S 27 27 25 22 28 28 26 24
0 31 30 21 20 32 32 22 21
N 25 25 24 24 26 26 25 25
D 22 22 22 22 22 22 22 22

T o ta l 291 290 274 264 306 306 290 282

a Ewe age a t  lam b in g :  I =tem p o ra ry  and 2 - t o o t h ,  2 = 4 - t o o t h ,  3 = 6 - t o o th ,  
and 4 = f u l l -m o u th .
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fiefieaiabiliiz. s t a t i o n

c o n d i t i o n s ,  r e p e a t a b i l i t y  o f  ewe p e r fo rm a n c e  t r a i t s  was e s t i m a t e d  from  

JTT d a t a .  R e p e a t e d  o b s e r v a t i o n s  w e r e  o n l y  a v a i l a b l e  f o r  JT T , e x c e p t  

f o r  l i t t e r  s i z e  w h ic h  w e r e  a v a i l a b l e  b o t h  f o r  JTT a n d  FT. H e n c e ,  tw o  

m odels  w e re  a p p l i e d  t o  e s t i m a t e  o f  ewe v a r i a n c e  com ponen ts .  The mo<lel 

u sed  t o  e s t i m a t e  ewe v a r i a n c e s  i n  l i t t e r  s i z e  was:

Yi j k l  = u + Bi  + Ai j  + Fk + ei j k l

w here  : YjJ k l  i s  o b s e rv e d  l i t t e r  s i z e  (number bo rn )  a t  b i r t h ,  U i s  t h e  

g e n e r a l  m ean , B1 i s  t h e  b r e e d  e f f e c t  c o n s i d e r e d  t o  be f i x e d ,  A1 J i s  

random n e s te d  e f f e c t  o f  ew es w i t h i n  b r e e d ,  Fk i s  a n o th e r  s e t s  o f  f i x e d  

e f f e c t s ,  an d  B1 J k l  i s  t h e  r e s i d u a l  e r r o r  a s s u m e d  t o  be  r a n d o m l y  an d  

n o r m a l ly  d i s t r i b u t e d .  I n t e r a c t i o n  b e tw e e n  random and f i x e d  e f f e c t  i s  

assum ed  t o  be u n im p o r ta n t  (Harvey, 1977).

For o t h e r  ewe p e r fo rm a n c e  t r a i t s  th e  model a p p l i e d  t o -  e s t i m a t e s  

ewe v a r i a n c e  com ponents  w as:

Yi j k  -  U + Ai  + Fk + eI j k

w h e r e :  Y1 J k i s  t h e  ew e p e r f o r m a n c e  t r a i t s  o b s e r v a t i o n ,  U i s  t h e  

g e n e r a l  mean, A1 r e p r e s e n t s  t h e  random e f f e c t  o f  ew es, Fk i s  t h e  f i x e d

e f f e c t s ,  a n d  e i j k l i s  t h e  r e s i d u a l  e r r o r  a s s u m e d  t o  b e  r a n d o m l y  an d

n o r m a l ly  d i s t r i b u t e d .

Under v i l l a g e  c o n d i t i o n s  r e p e a t  o b s e r v a t i o n s  w e re  h o t  a v a i l a b l e  

f o r  GAR. T h e r e f o r e ,  r e p e a t a b i l i t y  o f  ew e p e r f o r m a n c e  t r a i t s  w e r e  

e s t i m a t e d  o n ly  from  CIB and CIR d a ta .  The model a p p l i e d  t o  e s t i m a t e  

ewe v a r i a n c e  com ponen ts  w as:

Yi j k l  = U + L1 + A1J + Fk + Cl j k l

w h e r e  Y1 J k l  i s  t h e  ewe p e r f o r m a n c e  t r a i t s  o b s e r v a t i o n ,  U i s  t h e
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g e n e r a l  m ean , Li  i s  t h e  e f f e c t  o f  l o c a t i o n ,  Ai J i s  r a n d o m  n e s t e d  

e f f e c t  o f  ew es w i t h i n  l o c a t i o n ,  Fk i s  t h e  f i x e d  e f f e c t s ,  and Bi J k i  i s  

t h e  r e s i d u a l  e r r o r  a s s u m e d  t o  be r a n d o m ly  and n o r m a l ly  d i s t r i b u t e d .  

I n t e r a c t i o n  b e t w e e n  ran d o m  an d  f i x e d  e f f e c t s  w as  a s s u m e d  t o  be 

u n i m p o r ta n t  (Harvey, 1977).

F ix e d  e f f e c t s ,  bo th  u n d e r  e x p e r im e n t  s t a t i o n  and v i l l a g e  c o n d i­

t i o n s ,  w ere  f i t t e d  f o r  f a c t o r s  t h a t  a f f e c t e d  ewe p e r fo rm a n c e  t r a i t s  i n  

t h e  p r e v i o u s  s e c t i o n .  Two way i n t e r a c t i o n  an d  c o v a r i a t e s  w e r e  a l s o  

f i t t e d  when s i g n i f i c a n t  i n  th e  p r e l i m i n a r y  a n a l y s i s  (p<.1). Number o f  

o b s e r v a t i o n s  o f  each  ewe p e rfo rm a n c e  t r a i t s  i s  p r e s e n t e d  i n  t a b l e  13.

TABLE 13. NUMBER OF OBSERVATIONS OF EWE PERFORMANCE TRAITS FOR
ESTIMATING REPEATABILITIES

E xper im en t  s t a t i o n V i l l a g e
T r a i t s JTT FT No. ewea CIB CIR No. ewe0

LSIZE 182 46 115 198 51 168
LSWEAN 105 74 184 47 164
MTWT 98 74 139 28 122
PPWT 114 75 197 51 168
LINT 100 55 . . . . .
LTWB 108 75 185 51 164
LTWT30 108 75 184 51 164
LlWTbO 108 75 175 48 160
LTWT90 105 74 171 47 160
NSURV 108 75 198 51 168
LIV30 108 75 198 51 168
LIV60 108 75 189 48 164
LIV90 105 • • 74 186 47 164

a Number o f  ewes i n  two b r e e d s .  
b Number o f  ewes i n  two l o c a t i o n s .
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R e p e a t a b i l i t y  was e s t i m a t e d  b a sed  on:

ae2/ [  a e2 + a w2]

w here  ^ 2 i s  t h e  e s t i m a t e d  v a r i a n c e  com ponent due to  d i f f e r e n c e s  among 

e w e s  a n d  CJj.2 i s  t h e  v a r i a n c e  c o m p o n e n t  due  t o  d i f f e r e n c e s  b e tw e e n  

r e c o r d s  on th e  same ewe. S ta n d a r d  e r r o r s  o f  r e p e a t a b i l i t y  e s t i m a t e s  

w e re  c a l c u l a t e d  a c c o r d in g  t o  t h e  f o r m u la  o f  T u rner  and Young (1969).

H e r i t a b i l l t v  e s t i m a t e s  o f  p r e w ean in c  g ro w th  c h a r a c t e r s .  Under 

s t a t i o n  c o n d i t i o n s  h e r i t a b i l i t y  e s t i m a t e s  o f  p re w e a n in g  g ro w th  c h a r a c ­

t e r s  w e r e  e s t i m a t e d  b o t h  f o r  JTT a n d  FT, s i n c e  s i r e  i n f o r m a t i o n  w a s  

a v a i l a b l e  f o r  b o th  b r e e d s .  I n  t h e  v i l l a g e  d a t a  no s i r e  i n f o r m a t i o n  was 

a v a i l a b l e  f o r  CIR, h e n c e ,  e s t i m a t e s  o f  h e r i t a b i l i t y  w ere  o b t a i n e d  o n ly  

f rom  CIB and GAR. S i r e s  v a r i a n c e  com ponent e s t i m a t e s  w e re  d e r i v e d  from  

th e  f o l l o w i n g  model

Yi j k l  = U + Ai  + Si J + Fk + Bi j k l

w h ere :  Yi J k l  i s  th e  p re w e a n in g  g ro w th  c h a r a c t e r  o b s e r v a t i o n ,  U i s  t h e  

g e n e r a l  mean, Ai  r e p r e s e n t e d  t h e  f i x e d  e f f e c t  o f  b r e e d  ( e x p . s t a t i o n )  

o r  l o c a t i o n  ( v i l l a g e ) ^  S i J r e p r e s e n t e d  random e f f e c t  o f  s i r e s  n e s te d  

w i t h i n  b re e d  (exp. s t a t i o n )  o r  l o c a t i o n  ( v i l l a g e ) ,  Fk r e p r e s e n t e d  s e t s  

o f  f i x e d  e f f e c t s ;  a n d  Bi J k l  i s  t h e  r e s i d u a l  e r r o r  a s s u m e d  t o  be  r a n ­

domly and n o r m a l ly  d i s t r i b u t e d .  I n t e r a c t i o n  be tw e en  random  and f i x e d  

e f f e c t s  w a s  a s s u m e d  t o  be  n e g l i g i b l e .  The f i x e d  e f f e c t s  f i t t e d  w e r e  

s i m i l a r  to  f a c t o r s  a f f e c t i n g  p re w e a n in g  g row th  c h a r a c t e r s  i n  p r e v io u s  

s e c t i o n ,  b u t  b i r t h  w e i g h t  w as  n o t  f i t t e d  a s  a  c o v a r i a t e .  Two way 

i n t e r a c t i o n s  and c o v a r i a t e  (ewe age a t  la m b in g  f o r  exp. s t a t i o n )  w ere  

o n ly  f i t t e d  when s i g n i f i c a n t  (p<.1) i n  p r e l i m i n a r y  a n a l y s i s .  Number o f  

o b s e r v a t i o n s  f o r  e a ch  t r a i t  a n a ly z e d  i s  p r e s e n t e d  i n  t a b l e  14.
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H e r i t a b i l i t y  e s t i m a t e s  a n d  g e n e t i c  c o r r e l a t i o n s  w e re  com puted 

u s in g  f o r m u la  d e s c r i b e d  by Harvey (1977).

TABLE 14. NUMBER OF OBSERVATIONS OF PREWEANING GROWTH CHARACTERS
ANALYZED FOR HERITABILITIES

E xperim en t  s t a t i o n V i l l a g e
T r a i t s JTT FT N o.S i r e s a CIB GAR N o .S i r e s b

BW 249 BI 11 202 46 32
W30 144 23 11 160 40 30
W60 142 22 11 140 39 30
W90 142 22 11 131 32 30
PREWG 142 22 11 131 32 30

a Number o f  s i r e s  i n  two b r e e d s .  
Number o f  s i r e s  i n  two l o c a t i o n s .
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RESULTS AUD DISCUSSION

S u r v i v a b i l i t y  and b i r t h  w e ig h t  o f  r a n g e  lamha

P rew ean ing  s u r v i v a l  r a t e s .  P rew ean in g  s u r v i v a l  r a t e s  ra n g e d  from  

74.1% to  78.4% w i th  a mean o f  75.8% f o r  t h e  t h r e e  b re e d s  f rom  b i r t h  to  

60 d o f  age and ra n g e d  from  68.9% to  74.8% w i th  th e  mean o f  71.8% from  

b i r t h  t o  120 d o f  a g e .  SURV60120 r a n g e d  f r o m  92.9% t o  95.1% w i t h  a n  

a v e r a g e  o f  94.4% ( t a b l e  15 ) .

TABLE 15. LEAST SQUARES MEANS FOR SURV60, SURV120, SURV60120 BY BREED

Breed No. SURV60 (%) SURVI20 (%) a No. SURV60120 (%)

U 15,003 7 5 . 8 i  .9 7 1 . 8 i  .9 12,669 9 4 . 4 t  .7
R a m b o u i l le t 5 ,983 7 5 .0 +  .9 71 . 611.0 4 ,9 7 5 9 5 . I l  .7
Targhee 5 ,7 4 8 7 8 . 4± .9 7 4 .8 + 1 .0 4 ,982 95.1+  .7
Columbia 3 ,2 7 2 7 4 . 1 ± 1 .0 68.9+.1.1 2 ,7 1 2 9 2 . 9 t  .7

a No. o b s e r v a t i o n  e q u a l  to  SURV60

M o r t a l i t y  r a t e s  f o u n d  i n  t h i s  s t u d y  w e re  t y p i c a l  o f  t h o s e  

r e p o r t e d  by s e v e r a l  w o r k e r s :  S le e  (1981) r e p o r t e d  t h e  m o r t a l i t y  ran g ed  

f r o m  5 t o  40% on B r i t i s h  f a r m s ;  B i g h t  a n d  J u r y  (1 9 7 0 b )  a n d  M eyer and  

C l a r k e  (1 9 7 8 )  r e p o r t e d  d e a t h  l o s s e s  o f  5 -  25% i n  New Z e a l a n d ;  and  

K h a l a f  e t  a l .  (1 9 7 9 b )  r e p o r t e d  m o r t a l i t y  r a t e s  f r o m  17.7 t o  35% i n  

A u s t r a l i a .  D e a th  l o s s e s  o b s e r v e d  i n  t h i s  s t u d y  w e r e  l e s s  t h a n  t h a t  

r e p o r t e d  by V enka tacha lam  e t  a l .  (1949) who found  a v e ra g e  m o r t a l i t y  o f  

28.6% i n  M ich igan ;  and S m ith  (1977) who found  m o r t a l i t y  ra n g e d  from  32 

t o  44.9% i n  N e b r a s k a .  H o w e v er ,  i t  s h o u l d  be p o i n t e d  o u t  t h a t  t h i s  

s tu d y  was b ased  on lam b s  b o rn  a l i v e .  M ost o f  th e  d e a th  l o s s e s  o c c u re d
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i n  t h e  f i r s t  60 d . T h i s  w as  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g  o f  

V e n k a t a c h a l a m  e t  a l .  ( 19 4 9 ) ;  P u r s e r  a n d  Young ( 1 9 6 4 ) ;  H o v e r s l a n d  e t  

a l .  ( 19 5 7 ) ;  a n d  S a f f o r d  a n d  H o v e r s l a n d  ( 1960) who r e p o r t e d  t h a t  

p re w e a n in g  d e a th  l o s s e s  u s u a l l y  o c e u re d  w i t h i n  a  few  day s  a f t e r  b i r t h .

B r e e d  d i f f e r e n c e s  i n  SURV60, SURV120 a n d  SURV60120 ( t a b l e ;  15) 

w e r e  h i g h l y  s i g n i f i c a n t  a s  i n d i c a t e d  by t h e  a n a l y s i s  o f  v a r i a n c e  i n  

a p p e n d ix  t a b l e  60. T a rghees  w ere  s u p e r i o r ,  f o l l o w e d  by R a m b o u i l le t s  

and C olum bias . P r e v io u s  s t u d i e s  r e p o r t e d  by S i d w e l l  and M i l l e r  (1971a) 

and S m ith  (1977) i n d i c a t e d  b re e d  d i f f e r e n c e s  i n  lam b m o r t a l i t y .

The s u p e r i o r i t y  o f  T a rghees  o v e r  R a m b o u i l le t s  and C o lum bias  p a r ­

a l l e l s  t h e  o r d e r  o f  b i r t h  w e ig h t  o f  th o s e  t h r e e  b r e e d s .  G e n e ra l  means 

an d  s t a n d a r d  e r r o r s  o f  b i r t h  w e i g h t  o f  T a r g h e e s ,  R a m b o u i l l e t s  an d  

C o lum bias  i n  t h i s  s tu d y  w ere  4 .4 1+.05 kg, 4.3 8+.05 kg and  3-97+.09 kg, 

r e s p e c t i v e l y  ( t a b l e  2 5 ) .  B r e e d s  w i t h  h e a v i e r  b i r t h  w e i g h t  t e n d e d  t o  

have  h i g h e r  s u r v i v a b i l i t y .  T h is  r e s u l t  i s  c o n t r a r y  t o  t h e  f i n d i n g  o f  

V enka tacha lam  e t  a l .  (1949) and Meyer and C la rk e  (1978) who r e p o r t e d  

t h a t  b r e e d s  w i t h  l i g h t e s t  b i r t h  w e i g h t s  had  h ig h e r  s u r v i v a l  r a t e s .

The a n a l y s i s  o f  v a r i a n c e  ( t a b l e  16) o f  t h e  s u r v i v a b i l i t y  d a t a  

shows t h a t  y e a r  d i f f e r e n c e s  w ere  s i g n i f i c a n t  s o u rc e s  o f  v a r i a t i o n  i n  

SURV60, SURVI20 b u t  y e a r  e f f e c t s  w ere  a  s i g n i f i c a n t  s o u rc e  o f  v a r i a ­

t i o n  i n  SURV60120 o n ly  i n  t h e  R a m b o u i l le t s .  Th is  r e f l e c t e d  t h a t  a f t e r  

60 d o f  a g e  y e a r  by y e a r  v a r i a t i o n  i n  d e a t h  l o s s e s  t e n d e d  t o  be l e s s  

i m p o r t a n t .  An a n a l y s i s  i n  w h ic h  t h e  d a t a  f o r  t h e  t h r e e  b r e e d  w e r e  

com bined  ( t a b l e  16) shows a  s i g n i f i c a n t  b r e e d - y e a r  e f f e c t .
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TABLE 16. ANALYSIS OF VARIANCE FOR SURV60, SURV120 AND SURV60120

Mean s a u a r e s 3 Mean s a u a r e s 3
S ource  o f  v a r i a t i o n d f SURV60 SURV120 d f  SURV60120

Year (Y) 22
R a m b o u iI le t  

1 0 ,8 8 5 .5 * *  1 4 ,696 .0** 22 2 ,0 8 4 .8 * *
S i r e s /Y 257 1 ,7 3 5 .4 * « 2 ,1 4 0 .0 * « 253 508.9**
Type o f  b i r t h  (TB) 2 7 7 ,7 3 3 .4 « * 9 1 ,1 6 1 .4 * * 2 2 ,1 8 7 .3 * *
Age o f  dam (AD) 11 813.0 2 ,4 8 3 .4 4 1 ,926 .6**
Sex I 1 ,0 7 9 .7 791 .4 I 11 .5
TB x AD 8 2 ,8 0 4 .5 * 3 ,9 5 5 .7 * * 8 970.4*
R e g r e s s io n  BD° l i n e a r  I 278 .3 3 ,3 3 3 .6 I 2 ,6 6 1 .3 * *
R e s id u a l 5 ,687 1 ,3 1 0 .5 1 ,5 0 3 .7 4 ,683 393 .0

Year (Y) 22
T archee

4 ,6 8 6 .4 « «  5 ,6 8 6 .3 * * 22 462 .9
S i r e s /Y 141 1 ,4 1 8 .2 * « 1 ,7 0 5 .8 * * 140 318 .5
Type o f  b i r t h  (TB) 2 100 ,875 .1** 116 ,336 .2*» 2 1 ,8 0 9 .7 *
Age o f  dam (AD) 4 3 ,2 8 2 .2 * 4 ,7 4 2 .6 * * 4 761.8+
Sex I 3 ,0 7 2 .1 + 1 ,8 8 7 .4 I 66 .0
TB x AD 8 8 ,3 4 1 .1 » * 7 ,4 5 8 .3 * * 8 570 .9
R e g r e s s io n  BDb l i n e a r  I 2 9 .5 2 ,9 5 7 .2 I 2 ,7 6 0 .8 * *
R e s id u a l 5 ,5 6 8 1 ,0 6 4 .0 1 ,2 9 7 .7 4 ,8 0 3 374 .4

Year (Y) 21
Columbia

8 ,7 1 8 .7 *  9 ,5 8 0 .6 * 21 1 ,4 3 0 .4
S i r e s /Y 95 5 ,0 1 8 .8 * * 4 ,9 0 2 .1 * * 94 1 ,006 .2**
Type o f  b i r t h  (TB) 2 4 2 ,7 5 4 .0 * « 5 6 ,5 2 6 .8 * * 2 2 ,3 8 6 .9 *
Age o f  dam (AD) 4 1 ,2 1 3 .7 959.4 4 119.0
Sex I 1 .8 15.1 I 127.2
TB x AD 8 4 ,6 7 3 .7 * * 3 ,4 1 1 .7 * 8 162.8
R e g r e s s io n  BDb l i n e a r  I 4 ,2 3 0 .4 + 1 ,0 6 8 .2 I 1 ,4 3 0 .4
R e s id u a l 3 ,1 3 9 1 ,1 9 1 .2 1 ,5 1 5 .3 2 ,580 561 .8

B re e d -y e a r  (B-Y) 67
Three b ree d

8 ,8 9 4 .7 * *
combined

11 ,085 .3** 67 1 ,457 .9**
S i re s /B -Y 493 2 ,3 0 2 .2 * * 2 ,5 7 8 .9 * * 487 554.7**
Type o f  b i r t h  (TB) 2 2 2 7 ,1 4 0 .3 * * 2 6 6 ,5 2 4 .2 * « 2 5 ,0 3 0 .3 * *
Age o f  dam (AD) 4 4 ,0 1 4 .0 * * 6 ,5 0 7 .9 * * 4 772 .5
Sex I 3 ,3 3 8 .2 + 2 ,1 3 7 .3 I 127.8
TB x AD 8 1 3 ,107 .9** 1 2 ,028 .8*« 8 205 .7
R e g r e s s io n  BDb l i n e a r  I 296 .8 2 ,8 0 4 .2 I 6 ,6 8 1 .9 * *
R e s id u a l 14,426 1 ,1 9 0 .4 1 ,4 2 8 .2 12 ,098 422 .5

a
b

Mean s q u a r e s  x IO1*. 
BD = b i r t h  d a t e .

** ( p C .0 1 ) ,  • ( p < .0 5 ) ,  + ( P < .1 ) .
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L e a s t  s q u a r e s  m ea n s  f o r  SURV60, SURV120 an d  SURV60120 a r e  

p r e s e n t e d  by y e a r s  f o r  e a c h  b r e e d  i n  a p p e n d i x  t a b l e  61. V a r i a t i o n  

b e tw e e n  y e a r s  i n  SURV60 p r o b a b l y  r e f l e c t s  v a r i a t i o n  i n  w e a t h e r  and  

h e a l t h  c o n d i t i o n s  i n  t h e  d i f f e r e n t  y e a r s .  S l e e  (1 9 8 1 )  r e p o r t e d  t h a t  

lam b  m o r t a l i t y  i n  c e r t a i n  c i r c u m s t a n c e s  such  a s  s e v e r e  w e a th e r ,  may 

ex c ee d  40%. O bst and Day (1968) found  t h a t  su d d en  s h o r t - t e r m  changes  

i n  w e a th e r  may p ro d u ce  v e ry  l a r g e  changes  i n  m o r t a l i t y ,  f o r  i n s t a n c e  

f rom  15% to  91% i n  M erino lam b s  on Kangaroo i s l a n d s .

Type o f  b i r t h  w as g e n e r a l l y  f o u n d  t o  be an  i m p o r t a n t  s o u r c e  o f  

v a r i a t i o n  i n  la m b  s u r v i v a b i l i t y  ( t a b l e  16). When b i r t h  w e i g h t  w as  

i n c lu d e d  i n  t h e  model a s  a c o v a r i a t e  (ap p e n d ix  t a b l e  62) ty p e  o f  b i r t h  

a p p e a re d  to  have a s m a l l e r  e f f e c t  th a n  when b i r t h  w e ig h t  was e x c lu d e d  

from  th e  model ( t a b l e  16). T h is  s u g g e s t s  t h a t  p a r t  o f  t h e  i n f l u e n c e  o f  

ty p e  o f  b i r t h  on s u r v i v a l  i s  m e d ia te d  th ro u g h  i t s  e f f e c t  on i n d i v i d u a l  

lam b b i r t h  w e ig h t ,  t h e r e f o r e ,  by a d j u s t i n g  to  a c o n s t a n t  b i r t h  w e ig h t  

th e  e f f e c t  o f  ty p e  o f  b i r t h  i s  d e m in is h e d  s t a t i s t i c a l l y .

L e a s t  s q u a r e s  m ean s  f o r  SURV60, SURV120 an d  SURV60120 a r e  

d i s p l a y e d  i n  t a b l e  17. M u l t i p l e - b o r n  l a m b s  c o n s i s t e n t l y  h a v e  l o w e r  

s u r v i v a b i l i t y  t h a n  s i n g l e -  o r  t w i n - b o r n  lam bs . Lambs b o rn  i n  l a r g e r  

l i t t e r s  w ere  g e n e r a l l y  l i g h t e r  i n  w e ig h t  and p ro b a b ly  l e s s  v ig o ro u s .  

S t a r v a t i o n  p r o b a b l y  o c c u r s  m o re  f r e q u e n t l y  i n  m u l t i p l e - b o r n  l a m b s .  

A lthough , th e  number o f  o b s e r v a t i o n  was s m a l l ,  C o lum bias  te n d e d  to  be 

s u p e r i o r  i n  s u r v i v a b i l i t y  o f  t r i p l e t - b o r n  lam bs.

The e f f e c t  o f  s e x  w as  a n  u n i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  i n  

SURV60, SURV120 and SURV60120. However, i f  b i r t h  w e ig h t  was i n c lu d e d  

i n  t h e  m o d e l  s e x  a p p e a r e d  t o  a s s u m e  a g r e a t e r  e f f e c t  on  SURV60 and
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SURV12 0 , e x c e p t  f o r  t h e  C o l u m b ia s  (p < .1 )  ( a p p e n d i x  t a b l e  6 2 ) .  T h i s  

s u g g e s t s  t h a t  by i n c l u d i n g  b i r t h  w e i g h t  i n  t h e  m o d e l  t h e  v a r i a t i o n  

b e t w e e n  s e x e s  w as  i n c r e a s e d .  T h i s  may be due  t o  t h e  c u r v i l i n e a r  

r e l a t i o n s h i p  be tw een  b i r t h  w e ig h t  and s u r v i v a b i l i t y  and some d e g re e  o f  

o v e r l a p p in g  be tw een  b i r t h  w e ig h ts  o f  ram and ewe lam bs.

TABLE 17. LEAST SQUARES MEANS AND STANDARD ERRORS FOR SURV60, SURV120 
AND SURV60120 BY TYPE OF BIRTH AND BY BREED

Type o f  b i r t h No. SURV60 ($) SURVI20 ( * ) a No. SURV60120 ($)

S i n g le 2 ,5 6 3
R a m b o u i l le t

9 0 .3 ± 1 .5  8 7 .4 ± 1 .7 2 ,2 4 9 9 6 .7 *  .9
Twin 3 ,2 9 7 7 9 .1 ± 1 .3 7 5 .3 * 1 .6 2 ,6 5 4 9 4 .9 *  .9
T r i p l e t 123 6 0 .8 ± 4 .6 5 5 .2 * 5 .0 72 8 9 .0 * 3 .2

S in g le 2 ,2 5 0
T arehee

9 3 .4 * 1 .3  9 0 .5 * 1 .4 2 ,071 9 6 .9 *  .6
Twin 3 ,3 8 8 8 2 .0 * 1 .1 7 8 .0 * 1 .2 2 ,8 5 0 9 5 .2 *  .6
T r i p l e t 110 5 0 .5 * 4 .1 4 5 .5 * 4 .5 61 9 0 .1 * 3 .3

S in g le 1 ,352
Columbia

8 8 .3 * 4 .2  8 4 .5 * 4 .0 1,192 9 5 .5 * 1 .9
Twin 1,839 7 7 .0 * 4 .1 7 1 .2 * 4 .0 1,466 9 2 .4 * 1 .9
T r i p l e t 81 6 6 .1 * 6 .8 6 2 .7 * 7 .3 54 9 5 .5 * 4 .9

S in g le 6 ,1 6 5
Three b r e e d s  combined 

9 0 .7 * 1 .2  8 7 .4 * 1 .2 5 ,5 1 2 9 6 .3 *  .6
Twin 8 ,524 7 9 .3 * 1 .1 7 4 .8 * 1 .2 6 ,9 7 0 9 4 .3 *  .6
T r i p l e t 314 5 7 .3 ± 2 .7 5 2 .7 * 3 .0 187 9 1 .9 * 2 .0

a No. o b s e r v a t i o n  e q u a l  t o  SURV6 O

A l th o u g h  n o t  s i g n i f i c a n t ,  t h e  d i f f e r e n c e s  b e t w e e n  m a l e s  and  

f e m a l e s  t e n d e d  t o  be i n  f a v o r  o f  t h e  ew e l a m b s  e x c e p t  f o r  t h e  

C o l u m b ia s  an d  f o r  SURV60120 ( t a b l e  18 ) .  R e s u l t s  o f  t h i s  s t u d y  a r e  

c o n t r a r y  w i th  m o st  o f  t h e  f i n d i n g s  i n  p r e v io u s  s tu d y  w hich  i n d i c a t e d
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t h a t  th e  d i f f e r e n c e s  i n  s u r v i v a b i l i t y  be tw een  ewe lam b s  and ram lam bs 

r a n g e d  f r o m  2 .51  t o  10$ ( V e n k a n t a c h a l am e t  a l . ,  1949 ; H o v e r s l a n d  e t  

a l . ,  1 957 ; B r a d f o r d  e t  a l . ,  I 974; S m i t h ,  I 977 ; M eyer  a n d  C l a r k e ,  I 978; 

A tk in s ,  1980a; and Jo h n so n  e t  a l . ,1 9 8 2 ) .

TABLE 18. LEAST SQUARES MEANS FOR SURV60, SURV120 SURV60120 BY SEX AND
BY BREED

Sex No. SURV60 ($) SURV120 ( $ ) a No. SURV60120 ($)

Male 2 ,8 9 4
Ramboul I l e t

7 6 .3 ± 1 .9  7 2 .2 ± 2 .1 2 ,3 9 8 9 3 .6 ± 1 .3
Female 3 ,0 8 9 7 7 .2 + 1 .9 7 3 .0 ± 2 .1 2 ,577 9 3 .5 ± 1 .3

Male 2 ,8 0 4 7 4 .5 ± 1 .7
T arehee

7 0 .7 ± 1 .8 2 ,4 0 2 94 .2+ 1 .1
Female 2 ,944 7 6 .0 ± 1 .7 7 1 .9 ± 1 .8 2 ,5 8 0 9 3 .9 ± 1 . 1

Male 1 ,653 7 7 . I ±4 .4
Columbia

7 2 .8 ± 4 .4 1 ,368 9 4 .7 + 2 .4
Female 1 ,619 7 7 .2 ± 4 .4 7 2 .7 ± 4 .4 1,344 9 4 .2 ± 2 .4

Male 7 ,351
Three

7 5 .3 ± 1 .3
b r e e d s  combined 

7 1 .2 + 1 .4 6 ,1 6 8 94 .2+  .8
Female 7 ,6 5 2 7 6 .3 ± 1 .3 7 2 .0 ± 1 .4 6 ,501 9 4 . O t .8

a No. o b s e r v a t i o n  e q u a l  to  SURV60

Age o f  dam w as  n o t  a n  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  f o r  SURV60 

a n d  SURV120 f o r  R a m b o u i l l e t s  an d  C o l u m b i a s ,  b u t  w as  a n  i m p o r t a n t  

s o u r c e  o f  v a r i a t i o n  f o r  t h e  T a r g h e e s  (p < .0 5  f o r  SURV60 a n d  p < .0 1 f o r  

SURV120)  an d  t h r e e  b r e e d s  c o m b in e d  i n  one  a n a l y s i s  (p< .01  f o r  b o t h  

SURV60 and SURV120). Again, i f  b i r t h  w e ig h t  was i n c l u d e d  i n  t h e  model 

th e  e f f e c t  o f  age  o f  dam became l e s s  i m p o r t a n t ,  p a r t i c u l a r l y  f o r  th e  

T a rghees  and i n  a n a l y s i s  o f  t h r e e  b r e e d s  combined (ap p e n d ix  t a b l e  62).
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T h is  s u g g e s t s  t h a t  t h e  e f f e c t  o f  age o f  dam a c c o u n te d  f o r  o n ly  p a r t  o f  

t h e  v a r i a t i o n  i n  s u r v i v a l  a s s o c i a t e d  w i t h  b i r t h  w e ig h t .  However, t h e r e  

i s  v a r i a t i o n  i n  t h r e e  b r e e d s  s t u d i e d .

The e f f e c t  o f  a g e  o f  dam i n  t h e  T a r g h e e  b r e e d  a n d  t h r e e  b r e e d s  

c o m b in e d  i n  o n e  a n a l y s i s  f o r  SURV60 a n d  SURV120 i n  t h i s  s t u d y  i s  

a g r e e m e n t  w i t h  t h e  f i n d i n g  by P u r s e r  a n d  Young ( 1 9 5 9 ) ,  Gunn an d  

R obinson  (1963), vB ic h a rd  and Cooper (1966), H ig h t  and J u r y  (1970b) and 

W ie n e r  e t  a l .  ( 19 8 3 ) .  T h a t  t h e  e f f e c t  o f  a g e  o f  dam a p p e a r e d  t o  be 

l e s s  i m p o r t a n t  when b i r t h  w e ig h t  was i n  t h e  model i s  i n  a g re e m e n t  w i t h  

t h e  f i n d i n g  o f  G a l a l  e t  a l .  (1 9 7 4 )  i n  a  s t u d y  on so m e  p u r e b r e d  an d  

c r o s s e s  u n d e r  s e m i - a r i d  c o n d i t i o n s  a n d  H in c h  e t  a l .  (1 9 8 3 )  w o r k i n g  

w i t h  B o o r o o l a  M e r in o  i n  New Z e a l a n d .  B o th  a u t h o r s  f o u n d  t h a t  t h e  

r e l a t i v e l y  s m a l l  age  o f  dam e f f e c t  was c o m p le te ly  e x p la i n e d  i n  te r m s  

o f  lam b b i r t h  w e ig h t .

For SURV60120 age  o f  dam was n o t  found  t o  be an i m p o r t a n t  s o u rc e  

o f  v a r i a t i o n  e x c e p t  f o r  R a m b o u i l le t  (p<.01). I n  t h e  com bined  a n a ly s e s  

a g e  o f  dam w as  n o t  a n  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  r e g a r d l e s s  o f  

w h e t h e r  b i r t h  w e i g h t  w as  i n  t h e  m o d e l  o r  n o t .  T h i s  i n d i c a t e s  t h a t  

m a t e r n a l  i n f l u e n c e  i s  g e n e r a l l y  r e d u c e d  a t  l a t e r  a g e  (6 0  d o f  a g e ) ,  

a l th o u g h  t h e r e  i s  v a r i a t i o n  i n  d i f f e r e n t  b r e e d s  s t u d i e d .  There  was no 

g e n e r a l  p a t t e r n  o f  t h e  e f f e c t  a g e  o f  dam on SURV60, SURV120 an d

SURV60120, e x c e p t  t h e  t e n d e n c y  f o r  i m p r o v i n g  s u r v i v a b i l i t y  w i t h
' . ■ . -<■

a d v a n c in g  age  o f  dam ( t a b l e  19).
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TABLE 19. LEAST SQUARES MEANS AND STANDARD ERRORS FOR SURV60, SURV120 
AND SURV60120 ACCORDING TO AGE OF DAM BY BREED

Age o f  dam No. SURV60 (it) SURV120 ( $ ) a No. SURV60120 ($)

2 1,397
R a m b o u i l le t

7 4 .7 ± 5 .3  7 2 .1 ± 5 .7 1,127 9 5 .9 * 3 .5
3 1,390 7 6 .8 + 4 .4 6 6 .6 * 4 .8 1 ,158 8 3 .3 * 3 .2
I 1 ,277 7 8 .8 ± 2 .7 7 5 .9 * 2 .9 1,077 96 • 6*1 • 8
5 1,040 7 4 .6 ± 2 .5 7 1 .0 * 2 .8 887 9 3 .8 * 1 .9
6+ 879 7 8 .8 ± 2 .5 7 7 .4 * 2 .8 726 9 8 .2 * 1 .7

2 1,432 6 6 .7 ± 4 .7
T archee

5 8 .6 * 5 .2 1,176 8 5 .3 * 3 .9
3 1,363 7 2 .8 + 2 .7 7 0 .2 * 2 .9 1,177 9 7 .1 * 2 .2
it 1 ,148 7 9 .4 ± 2 .2 7 5 .6 * 2 .4 1,043 9 4 .4 * 1 .6
5 926 7 6 .5 ± 3 .6 7 3 .7 * 4 .0 819 9 6 .9 * 2 .7
6+ 879 8 1 .0 ± 2 .4 7 8 .5 * 2 .6 767 9 6 .6 * 1 .6

2 768 6 9 .5 ± 8 .2
Colum bia

6 4 .2 * 8 .9 585 9 2 .7 * 6 .2
3 720 7 4 .9 * 5 .7 7 1 .8 * 5 .9 608 9 6 .1 * 3 .8
4 671 8 2 .7 * 5 .4 7 7 .1 * 5 -5 580 9 3 .3 * 3 .5
5 566 8 0 .1 * 4 .8 7 5 .7 * 4 .8 472 9 4 .4 * 2 .7
6+ 547 7 8 .4 * 4 .8 7 5 .0 * 4 .8 467 9 5 .9 * 2 .7

2 3 ,5 9 7
Three

6 9 .8 * 3 .3
b re e d  combined 

6 4 .2 * 3 .6 2 ,8 8 8 9 1 .6 * 2 .4
3 3 ,4 7 3 7 3 .3 * 2 .2 6 8 .7 * 2 .4 2 ,943 9 3 .2 * 1 .6
4 3 ,096 7 9 .0 * 1 .8 7 4 .9 * 1 .9 2 ,7 0 0 9 4 .7 * 1 .2
5 2 ,532 7 7 .5 * 1 .8 7 3 .4 * 1 .9 2 ,1 7 8 9 4 .4 * 1 .2
6+ 2 ,3 0 5 7 9 .4 * 1 .7 7 6 .9 * 1 .8 1 ,960 96 .9 * 1 .1

a No. o b s e r v a t i o n  e q u a l  to  SURV60

A s t a t i s t i c a l l y  s i g n i f i c a n t  i n t e r a c t i o n  be tw een  ty p e  o f  b i r t h  and 

a g e  o f  dam w as  f o u n d  f o r  SURV60 a n d  SURV120 f o r  R a m b o u i l l e t s ,  

T a r g h e e s ,  C o l u m b ia s  and  t h r e e  b r e e d s  c o m b in e d  i n  o n e  a n a l y s i s ,  and  

R a m b o u i l l e t s  f o r  SU RV 60120 ( t a b l e  1 6 ) .  The r e a s o n s  f o r  t h i s  

i n t e r a c t i o n  i s  n o t  c l e a r .  I t  may be d u e  t o  i n c r e a s i n g  s u r v i v a b i l i t y  

a s s o c i a t e d  w i t h  i n c r e a s i n g  age o f  dam and to  th e  f a c t  t h a t  t w i n -  and
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t r i p l e t - b o r n  lam bs  te n d e d  to  have  h i g h e r  s u r v i v a b i l i t y  i n  m a tu re  ewes 

th a n  i n  2 - y r - o l d  ewes. In  s i n g l e - b o r n  l a m b s  s u r v i v a b i l i t y  i n c r e a s e d  

s l i g h t l y  w i th  i n c r e a s i n g  age  o f  dam. There  i s  a l s o  g r e a t  d i s p a r i t y  i n  

f r e q u e n c y  o f  t r i p l e t  b i r t h s  c o m p a r e d  t o  s i n g l e s  a n d  t w i n s .  The 

d i s t r i b u t i o n  o f  ty p e s  o f  b i r t h  ove r  a g e s  o f  dam may have been h ig h ly  

d i s p r o p o r t i o n a t e  ( f i g u r e  I ) .

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

t h a t  g e n e r a l l y  b i r t h  d a t e s  h a d  no s i g n i f i c a n t  e f f e c t  on  SURV60 an d  

SURV120, b u t  i t  had a s i g n i f i c a n t  e f f e c t  on SURV60120, e x c e p t  f o r  th e  

C olum bias . T h is  s u g g e s t s  t h a t  b i r t h  d a te  and b i r t h  w e ig h t  w ere  r e l a t e d  

i n  t h e s e  d a t a .  The r e g r e s s i o n  c o e f f i c i e n t s  ( t a b l e  2 0 )  show t h a t  

R a m b o u i l l e t  an d  T a r g h e e  l a m b s  b o r n  l a t e r  i n  t h e  s e a s o n  t e n d e d  t o  

s u f f e r  h ig h e r  m o r t a l i t y  th a n  lam bs  b o rn  e a r l y  i n  t h e  s e a so n .  For th e  

C o lum bias ,  how ever ,  lam bs  born  i n  th e  b e g in n in g  o f  th e  s e a s o n  s u f f e r e d  

m o re  m o r t a l i t y  f ro m  b i r t h  t o  60 d an d  120 d t h a n  l a m b s  b o r n  l a t e r  i n  

th e  s e a s o n .

TABLE 20 . REGRESSION COEFFICIENT AND STANDARD ERRORS OF SURV60, 
SURV120 SURV60120 ON BIRTH DATE BY BREED

Breed
R e g r e s s io n  c o e f f i c i e n t s  ( 1 /d a v )

SURV60 SURVI20 SURV60120

R a m b o u i l le t - . 031±«07 - .1 0 9 ± .0 7 - .1 1 6 1 .0 4 * *

Targhee —.012+ .07 - .1 2 4 + .0 8 - . 1 2 8 i .0 5 * *

C olumbia .212± .11+ . 107±. 13 - .1 3 6 1 .0 9

Three  b re e d  combined .0 2 3 ± .0 5 - . 0 7 0 ^ .0 5 - .1 2 3 1 .0 3 " *

** (p C .O I) ,  + ( p < .1 ) .
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The l i n e a r  and q u a d r a t i c  r e g r e s s i o n s  o f  s u r v i v a b i l i t i e s  on b i r t h  

w e i g h t  ( a p p e n d i x  t a b l e  62)  g e n e r a l l y  show t h i s  t o  be a n  i m p o r t a n t  

s o u rc e  o f  v a r i a t i o n  f o r  SURV60 and SURV120, b u t  an  u n i m p o r ta n t  s o u rc e  

o f  v a r i a t i o n  f o r  SURV60120. A lso , b i r t h  w e ig h t  had  m ore i n f l u e n c e  on 

SURV60 t h a n  SURV120. I n  t h e  c o m b in e d  a n a l y s e s  ( a p p e n d i x  t a b l e  62) 

r e s i d u a l  v a r i a t i o n  was r e d u c e  a b o u t  9°3% f o r  SURV60, b u t  o n ly  7,8% f o r  

SURV120 c o m p a r e d  t o  t h e  a n a l y s e s  w i t h o u t  b i r t h  w e i g h t  i n  t h e  m o d e l  

( t a b l e  16) . The e f f e c t  o f  b i r t h  w e i g h t  on  s u r v i v a b i l i t y  w a s  m o re  

i m p o r t a n t  i n  C o l u m b ia s  t h a n  i n  t h e  R a m b o u i l l e t  an d  T a r g h e e s .  B i r t h  

w e ig h t  i n  th e  c o r r e s p o n d in g  b r e e d s  a c c o u n te d  f o r  12.2%, 9.8% and 7.6% 

o f  t h e  v a r i a t i o n  i n  SURV60 an d  9.9%, 8.5% an d  6.2%, r e s p e c t i v e l y ,  f o r  

SURVI20.

The l i n e a r  and q u a d r a t i c  r e g r e s s i o n s  c o e f f i c i e n t s  o f  SURV6 O and 

SURV120 on b i r t h  w e i g h t  w i t h i n  e a c h  t y p e  o f  b i r t h  a r e  p r e s e n t e d  i n  

t a b l e  2 1 .  B a s e d  on  t h o s e  c o e f f i c i e n t s  p r e d i c t i o n  e q u a t i o n s  w e r e  

com puted a s  d e s c r i b e d  by Harvey ( 1977) and a r e  shown i n  t a b l e  22.

The c u r v e s  s h o w i n g  t h e  r e l a t i o n s h i p  b e t w e e n  s u r v i v a b i l i t y  an d  

b i r t h  w e i g h t  a t  60 d a n d  a t  120 d ,  by b r e e d ,  a r e  p r e s e n t e d  i n  f i g u r e  

2 . I n - g e n e r a l ,  s u r v i v a b i l i t y  i n c r e a s e d  d r a m a t i c a l l y ,  w i th  i n c r e a s i n g  

b i r t h  w e i g h t  up  t o  a p p r o x i m a t e l y  5 - 6  kg . T h e re  w e r e  s m a l l  b r e e d  

d i f f e r e n c e s  i n  t h e  b i r t h  w e ig h t s  f o r  maximum s u r v i v a l .  B i r t h  w e ig h ts  

t h a t  g a v e  t h e  h i g h e s t  p r e d i c t e d  m axim um  SURV60 f o r  R a m b o u i l l e t s ,  

T a r g h e e s  an d  C o l u m b ia s  w e r e  6 .0  k g ,  4 .9  k g ,  an d  5.0  k g ,  r e s p e c t i v e l y ;  

a n d  5 .8  k g ,  4 .9  k g ,  a n d  5 .0  k g ,  r e s p e c t i v e l y  f o r  SURV12 0 . On t h e  

a v e ra g e  (b ase d  on t h e  combined a n a ly s e s )  t h e  b i r t h  w e i g h t s  t h a t  g iv e  

maximum SURV60 and  SURV120 w ere  5.4 kg and 5.3 kg, r e s p e c t i v e l y .
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TABLE 21. REGRESSION COEFFICIENTS OF SURV6O AND SURV120 ON BIRTH 
WEIGHT (BW) AND BIRTH WEIGHT WITHIN INDIVIDUAL CLASS TYPE OF BIRTH BY

BREED

C ovariates, Mean Regression c o e f f ic ie n ts
in d iv id u al BW SU RV 6 0 SURV120
c la ss
covariates

(kg) lin ea r
(%/kg)

quadratic
(%/kg2 )

lin ea r
(%/kg)

quadratic
(%/kg2)

R a m b o ti i l l s t
*# ## *# • •

BW 4 . SM 13.6  ± 2 .2 - 4 . 7  ±  1 .2 12 .0  ± 2 .4 - 4 . 8 ± 1 .3
BW/TB * + • •

Single 15.1 ± 1 .0 - 5 . 6  ±  .6 15.4 + 1.1 - 5 . 3 ±  .7
Twin 11.3 ± 1 .2 -7«2  i  .8 10 .8  ±  1 .2 - 7 . 6 ± .8
T riplet 14 .5  ±  6 .4 - 1 . 3  ±  3 .4 9 .8  + 6 .9 - 1 . 6 ± 3 .7

Targhee
n .s . ** n .s . #*

BW 4 .6 5 4 .8  ± 3 .1 - 7 . 3  ± 1 .5 3 .9  ± 3 .5 - 7 .4 ±  1 .7
BW/TB n. s . «» n .s . ##

S in gle 8 .2  ± 1 .0 - 2 . 9  ±  .6 8 .6  ± 1 .2 - 2 . 8 ±  .7
Twin 7 .2  ± 1 .0 —6 .8  t  .6 7 .5  ± 1.1 —6 .6 ± .7
T rip let .8  ± 9 .2 - 1 2 .3  ±  4 .4 - 4 . 5  ± 10 .3 - 1 2 .7 ± 4 .9

C^lUDibis
#* «• «*

BW 4 .3 0 14 .5  ± 3 .4 - 1 0 .1  ± 2 .2 14 .0  ± 3 .9 -1 0 .1 ± 2 .5
BW/TB n . s . *• n . s . e*

Single 11 .2  ± 1.2 - 4 . 8  ±, .7 11 .7  ± 1 .4 - 4 . 6 ±  • 8
Twin 12.1 ± 1 .3 - 8 . 5  ± .9 13.3 ± 1 .5 —8 . 1 ± 1.1
T rip let 2 0 .3  ±10.1 - 1 7 .1  ± 6 . 6 17 .0  ± 11 .5 - 1 7 .5 ± 7 .5

Three breed combined
# #* ■ « «•

BW 4 .53 10.3 ±  1.5 —6 .2  .8 9 .2  ± 1.7 - 6 . 3 ±  -9
BW/TB + • «*

Single 1 1 .7  ±  .6 - 4 . 4  ±  .4 12.1 ±  .6 - 4 . 2 ±  .4
Twin 9 .8  ±  .7 - 7 . 3  ±  .4 9 .9  ±  .7 - 7 . 3 ± .5
T rip let 9 .3  ±  4 .5 - 6 . 9  ± 2 .4 5 .5  ± 5 .0 - 7 .4 ± 2 .7

*■ (p< .01), * (p < .0 5 ), + (p < .I ) , n .s .  Non s ig n if ic a n t .
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B a s e d  on  t h e s e  e q u a t i o n s  a n d  u s i n g  a v e r a g e  b i r t h  w e i g h t s  f ro m  

t h i s  s t u d y  t h e  p r e d i c t e d  SURV60 w e r e  92.7%, 8 3 .6 ? ,  9 9 .8 ?  a n d  8 8 .3 ? ,  

r e s p e c t i v e l y ,  f o r  R a m b o u i l l e t s ,  T a rg h e e s , C o lum bias  and  t h r e e  b re e d s  

c o m b in e d .  The c o r r e s p o n d i n g  v a l u e s  f o r  SORV120 w e r e  85.3%» 7 6 .2 ? ,  

9 2 .7 ?  an d  8 2 .6 ? ,  r e s p e c t i v e l y .  Maximum s u r v i v a b i l i t y  o c c u r e d  j u s t  

a b o v e  t h e  m ean  b i r t h  w e i g h t ,  w i t h  t h e  e x c e p t i o n  f o r  S0RV120 f o r  t h e  

T a r g h e e  w h ic h  o c c u r e d  s l i g h t l y  b e lo w  t h e  m ean  o f  b i r t h  w e i g h t .  T h i s  

s u g g e s t s  t h a t  by i n c r e a s i n g  b i r t h  w e ig h t  lam b  s u r v i v a l  w ou ld  i n c r e a s e .  

H o w e v e r ,  t h i s  w o u ld  be  t r u e  o n l y  f o r  lo w  b i r t h  w e i g h t  l a m b s .  

S u r v i v a b i l i t y  d e c r e a s e s  r a t h e r  m ark e d ly  a f t e r  optim um  b i r t h  w e ig h t  i s  

r e a c h e d .  A s u b s t a n t i a l  i n c r e a s e  i n  b i r t h  w e ig h t  would t e n d  t o  i n c r e a s e  

m o r t a l i t y  i n  t h e  h e a v i e r  w e ig h t  r a n g e  a s  w e l l  a s  r e d u c e  m o r t a l i t y  i n  

t h e  l i g h t e r  w e i g h t  r a n g e .  P u r s e r  a n d  Young (1964 )  a l s o  f o u n d  t h a t  

maximum s u r v i v a l  r a t e s  o c c u re d  s l i g h t l y  above  th e  mean b i r t h  w e ig h t .

The r e l a t i o n s h i p s  b e tw e en  s u r v i v a b i l i t y  and b i r t h  w e ig h t  a c c o rd ­

i n g  t o  t y p e  o f  b i r t h  i s  sh o w n  i n  f i g u r e  3. The r e s u l t s  o f  t h i s  s t u d y  

i n d i c a t e d  t h a t  a t  e q u a l  b i r t h  w e ig h t  m u l t i p l e - b o r n  la m b s  have  lo w e r  

s u r v i v a b i l i t y  th a n  s i n g l e - b o r n  lam b s .  For i n s t a n c e ,  a t  a  b i r t h  w e ig h t  

o f  5 kg  t r i p l e t - b o r n  a n d  t w i n - b o r n  l a m b s  h a v e  SURV60 o f  8 2 .3?  and  

9 4 .9 ?  a s  c o m p a r e d  t o  s i n g l e - b o r n . l a m b s  t h a t  h a v e  s u r v i v a b i l i t y  o f  

97.1?. S i m i l a r  r e s u l t s  w e re  r e p o r t e d  by Hinch e t  a l .  (1983) i n  a  s tu d y  

on B o o ro o la  f l o c k s  i n  New Z e a la n d ,  who fou n d  t h a t  t r i p l e t -  and q u ad ru ­

p l e t - b o r n  lam b s  had  lo w e r  p r o b a b i l i t y  o f  s u r v i v i n g  com pared  t o  s i n g l e s  

o r  t w i n s  o f  e q u a l  b i r t h  w e ig h t .



91

TABLE 2 2 .  PREDICTION EQUATION OF SURV60, SURV120 ON BIRTH WEIGHT (BW) 
AND BIRTH WEIGHT WITHIN INDIVIDUAL CLASS TYPE OF BIRTH (BW/TB)

_______ P r e d i c t i o n  e q u a t i o n s __________
C la s s  SURV60 SURV120

R a m b o u l l le t

BW ( a l l ) Y = -76 .5+  56.4BW- 4.7BW2 Y =
BW/TB

Single Y = -256.4+ 122.5BW-10.3BW2 Y =
Twin Y Z -271.2+ 133.2BW-11.9BW2 Y =
T rip let Y Z -178 .7  +82.7BW -6.0BW2 Y =

Tarizhee

BW ( a l l ) Y Z -9 8 .9  +73.OBW -7.3BW2 Y =
BW/TB

Single Y Z -190 .0+ 107 .9BW-10.2BW2 Y =
Twin Y Z -272 .1+ 143 .3BW-14.IBW2 Y =
T rip let Y Z -377 .5+ 186 .8BW-19 .7BW2 Y =

Columbia

BW ( a l l ) Y Z -155.2+ 101.5BW-10.IBW2 Y =
BW/TB

Single Y Z -298 .6+ 153 .9BW-14.9BW2 Y =
Twin Y Z -370 .0+ 186 .3BW-18.6BW2 Y =
T riplet Y Z -544 .2+ 268 .6BW-27.2BW2 Y =

Three breed combined

BW ( a l l ) Y Z -9 0 .0  +66.5BW -6.2BW2 Y =
BW/TB

Single Y Z -228.7+118.2BW-10.6BW2 Y =
Twin Y Z -279 .6+ 142 .4BW-13.5BW2 Y =
T rip let Y Z -283.2+ 138.6BW-13.IBW2 Y =

- 7 6 .9  +55.8BW -11.8BW2

- 2 4 9 .3 + 1 1 9 .1BW-10.IBW2 
- 2 7 6 .4 + 1 3 6 .0BW-12.4BW2 
-1 6 7 .0 +  8 0 . OBW -6.4BW2

-9 9 .9 +  72.2BW -7.4BW2

- 1 8 8 .6 + 1 0 6 .4BW-10.IBW2 
- 2 6 9 .7 + 1 4 1 .2BW-14.OBW2 
- 3 7 2 .2 + 1 8 5 .8BW-20.OBW2

- 1 5 7 .3 + 1 0 0 .5BW-10.IBW2

- 2 9 8 .3 + 1 5 1 .7BW-14.7BW2 
- 3 7 1 .4 + 1 8 3 .7BW-18.2BW2 
- 5 4 0 .2 + 2 6 7 .8BW-27.6BW2

- 9 2 .4  +66.4BW -6.3BW2

- 2 2 7 .5 + 1 1 6 .7BW-10.5BW2 
- 2 8 2 .7 + 1 4 2 .8BW-13.7BW2 
- 2 8 0 .5 + 1 3 9 .1BW-13.7BW2
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B i r t h  w e ig h t  o f  r a n e e  sh e ep .  The a n a l y s i s  o f  v a r i a n c e  ( t a b l e  23) 

s h o w s  t h a t  t h e  d i f f e r e n c e s  d u e  t o  y e a r ,  t y p e  o f  b i r t h ,  a g e , o f  dam , 

s e x ,  t y p e  o f  b i r t h  x  a g e  o f  dam i n t e r a c t i o n  an d  l i n e a r  r e g r e s s i o n  o f  

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

v a r i a t i o n  f o r  b i r t h  w e i g h t .  The e x c e p t i o n s  w e r e  i n  t h e  R a m b o u i l l e t  

w h e r e  a g e  o f  dam w as  n o t  a n  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n ,  a n d  i n  

C o lum bias  w here  t h e  i n t e r a c t i o n  o f  ty p e  o f  b i r t h  x age  o f  dam was n o t  

s i g n i f i c a n t .

Y e a r  t o  y e a r  v a r i a t i o n  i n  b i r t h  w e i g h t  o f  R a m b o u i l l e t ,  T a r g h e e  

and  Colum bia b re e d  i s  shown i n  a p p e n d ix  t a b l e  63. I t  i s  s u g g e s te d  t h a t  

y e a r  to  y e a r  v a r i a t i o n  i n  r a n g e  c o n d i t i o n s  a f f e c t s  ewe c o n d i t i o n  and 

i s  r e s p o n s i b l e  f o r  th e  b i r t h  w e ig h t  d i f f e r e n c e s  o b s e rv e d .  S i m i l a r  y e a r  

by y e a r  v a r i a t i o n  i n  r a n g e  s h e e p  w a s  a l s o  n o t e d  by S i d w e l l  e t  a l .  

(1964), S i d w e l l  and M i l l e r  (1971b), V e se ly  and P e t e r s  (1964) and S m ith  

( 1 9 7 7 ) .

The mean b i r t h  w e ig h t  f o r  R a m b o u i l le t ,  Targhee and C olum bia  lam bs  

w a s  4 .3 8  k g ,  4 .41  k g ,  a n d  3 .9 7  k g ,  r e s p e c t i v e l y ,  w i t h  o v e r a l l  m ean  o f  

4.28 kg f o r  th o s e  t h r e e  b re e d s  ( t a b l e  24) . S m a ll  d i f f e r e n c e s  i n  b i r t h  

w e i g h t  b e t w e e n  T a r g h e e  a n d  R a m b o u i l l e t  l a m b s  w as  a l s o  r e p o r t e d  by 

S m ith  (1977) who fo u n d  t h e  a v e ra g e  b i r t h  w e ig h t  o f  T a rghee  4.2 kg and 

R a m b o u i l le t  4.1 kg and by E rc a n b ra c k  and P r i c e  (1972), b u t  t h s  r a n k in g  

o f  b r e e d s  i n  t h e  l a t t e r  s t u d y  w as T a r g h e e  (4 .7 9  k g ) ,  C o lu m b ia  (4 .6 7  

kg) and R a m b o u i l le t  (4.54 kg).

L e a s t  s q u a r e s  m e a n s  o f  b i r t h  w e i g h t  by t y p e  o f  b i r t h  ( t a b l e  24)  

i n d i c a t e d  t h a t  R a m b o u i l le t  t w i n s  and t r i p l e t s  w ere  81.2$ and 73.8% o f
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t h e  m ean  b i r t h  w e i g h t  o f  s i n g l e s .  The c o r r e s p o n d i n g  v a l u e s  f o r  

T a r g h e e s  a n d  C o l u m b i a s  w e r e  8 1 .1 % , 6 9 .0 % , a n d  8 0 .7 % , 6 3 .5 % , 

r e s p e c t i v e l y ,  and f o r  t h e  t h r e e  b re e d s  com bined  w e re  80.8% and 69.7%. 

T h is  r e s u l t  was h i g h e r  th a n  th e  e x p e c te d  v a lu e s  g iv e n  by D ic k in s o n  e t  

a l .  ( 1962) who r e p o r t e d  t h a t  t w i n s  w e r e  e x p e c t e d  t o  be 78% an d  

t r i p l e t s  62% o f  t h e  mean w e ig h t  o f  s i n g l e s .  However, t h e s e  r e s u l t s  a r e  

s i m i l a r  t o  t h e  s t u d y  o f  B i c h a r d  a n d  C o o p e r  (1 9 6 6 )  who r e p o r t e d  t h a t  

t w i n s  a n d  t r i p l e t s  w e r e  20% a n d  30% l i g h t e r  t h a n  s i n g l e s ,  

r e s p e c t i v e l y .

Mean b i r t h  w e i g h t  a c c o r d i n g  t o  a g e  o f  dam i s  s h o w i® in  t a b l e  2 4 ,  

and i n d i c a t e s  t h a t  b i r t h  w e ig h t  i n c r e a s e s  w i t h  i n c r e a s i n g  age  o f  dam. 

I n  t h i s  s tu d y  lam bs  p ro d u ced  by m a tu re  ewes w ere ,  f o r  R a m b o u i l le t s ,  

T a r g h e e s ,  C o l u m b i a s ,  2.4%, 10.4%, a n d  19.8% h e a v i e r  t h a n  t h o s e  o f  

lam b s  p roduced  by 2 - y r - o l d  ew es ,  r e s p e c t i v e l y .  The o v e r a l l  p e rc e n ta g e  

w a s  9.0%. T h i s  s t u d y  w as  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  V e s e l y  an d  

P e t e r s  (1964) who r e p o r t e d  t h a t  2 - y r - o l d  ew es b o re  l i g h t e r  lam b th a p  

o l d e r  e w e s ,  an d  t h e  b i r t h  w e i g h t  s h o w e d  a s l i g h t  i n c r e a s e  f o r  e a c h  

y e a r  i n c r e a s e  i n  a g e  o f  dam up  t o  6 y r  o f  a g e .  R e s u l t s  o f  t h i s  s t u d y  

w ere  a l s o  s i m i l a r  t o  t h e  f i n d i n g  o f  N e lson  and V en k an tach a lam  (1949) 

who r e p o r t e d  t h a t  m a tu r e  ewes p ro d u ced  lam b s  w i th  10% h e a v i e r  b i r t h  

w e ig h t  th a n  d id  2 - y r - o l d  ewe's.

Ram lam b s  w ere  c o n s i s t e n t l y  h e a v i e r  th a n  ewe lam b s  i n  t h i s  stu<?y. 

Fo r  R a m b o u i l le t ,  Targhee  and Colum bia, ram lam b s  w e re  6.8%, 7.2%, and 

5.7% h e a v i e r  t h a n  ew e  l a m b s ,  r e s p e c t i v e l y .  O v e r a l l  m ea n s  f r o m  t h e  

t h r e e  b re e d s  com bined  i n d i c a t e d  t h a t  ram  lam b s  w e re  7% h e a v i e r  th a n  

ew e l a m b s .  T h e se  r e s u l t s  w e r e  i n  t h e  r a n g e  o f  v a l u e s  r e p o r t e d  by
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N e l s o n  a n d  V e n k a n t a c h a l a m  ( 1949) a n d  B i c h a r d  a n d  C o o p e r  (1 9 6 6 )  who 

found  t h a t  ram lam b s  w e re  5% h e a v i e r  t h a n  ewe la m b s ,  and t h e  r e s u l t s  

r e p o r t e d  by D i c k i n s o n  e t  a l .  (1 9 6 2 )  who f o u n d  t h a t  t h e  w e i g h t  o f  ewe 

lam b s  was 86 -  90% o f  ram lam bs.

S i g n i f i c a n t  t y p e  o f  b i r t h  by a g e  o f  dam i n t e r a c t i o n  r e f l e c t e d  

t h a t  a d v a n c in g  age  o f  dam i n c r e a s e d  b i r t h  w e ig h t ,  b u t  w i t h  r e s p e c t  to

t y p e  o f  b i r t h ,  t h e  i n c r e a s e  i n  b i r t h  w e i g h t  o f  l a m b s  f r o m  l a r g e r
\

l i t t e r s  w i t h  a d v a n c in g  age  o f  dam i s  l e s s  th a n  f o r  s i n g l e s .

The r e g r e s s i o n  o f  b i r t h  w e i g h t  on  d a t e  o f  b i r t h  w a s  a r o u n d  9 .73  

g ,  16.60 g, and 16.22 g p e r  day f o r  R a m b o u i l le t ,  Targhee  and  Colum bia. 

I n  t h e  c o m b in e d  a n a l y s i s  t h e  r e g r e s s i o n  w as  13 .24  g p e r  d a y .  T h i s  

s u g g e s t s  t h a t  some e n v i r o n m e n t a l  f a c t o r s  f a v o r e d  t h e  l a t e r - b e a r i n g  

e w e s .  Ew es w e r e  b r o u g h t  t o  t h e  s t a t i o n  h e a d q u a r t e r s  s h o r t l y  b e f o r e  

la m b in g  s e a s o n ,  and th e y  r e c e i v e d  s u p p le m e n ta ry  f e e d i n g ,  hen ce  lam b s  

b o rn  i n  e a r l y  s e a s o n  p ro b a b ly  had l e s s  s a t i s f a c t o r y  p r e n a t a l  n u t r i t i o n  

t h a n  t h o s e  l a m b s  b o r n . l a t e r .  T h e s e  r e s u l t s  w e r e  c o n s i s t e n t  w i t h  

f i n d i n g  o f  V ese ly  and P e t e r s  (1964) who found  th e  r e g r e s s i o n  o f  b i r t h  

w e ig h t  on d a t e  o f  b i r t h  was .023 k g /d .

H e r i t a b i l i t v  e s t i m a t e s  o f  s u r v i v a b i l i t y  and b i r t h  w e ig h t .  

H e r i t a b i l i t y  e s t i m a t e s  o f  SURV60, . SURV120 an d  SURV60T2Q w e r e  

c o n s i s t e n t l y  low  f o r  t h e  R a m b o u i l l e t  a n d  T a r g h e e  b r e e d s .  I n  t h e  

Colum bia b re e d  th e  e s t i m a t e s  o f  h e r i t a b i l i t i e s  o f  s u r v i v a b i l i t y  w ere  

r e l a t i v e l y  h ig h .  However, i n  th e  a n a l y s i s  o f  t h r e e  b r e e d  com bined th e  

e s t i m a t e s  o f  h e r i t a b i l i t y  o f  s u r v i v a b i l i t y  w e r e  l o w  ( t a b l e  25 ) .  

E s t i m a t e s  o f  h e r i t a b i l i t y  was e s s e n t i a l l y  t h e  same by i n c l u d i n g  b i r t h  

w e ig h t  i n  t h e  m odel (ap p e n d ix  t a b l e  65).



TABLE 23. ANALYSIS OF VARIANCE OF BIRlH WEIGHT BY BREED

Source of v a r i a t io n
Ramhnul H e t  (ke) Tarehee (ke) Columbia (ke) Three breed3 (ke)

df Mean squares df Mean squares df Mean squares df Mean squares

Breed-Year (B-Y) 22 13.59** 22 10.57** 21 6.04** 67 14.48*«
Sires/B-Y b 257 1.01«* 141 1.46** 95 1.87*« 493 1.33**
Type of b i r t h  (TB) 2 488.85*" 2 515.02*» 2 290.57** 2 1,309.97**
Age of dam (AD) H .83 4 2.35"* 4 6.81** 4 7.20**
Sex I 124.29** I 133.39«* I 39.15*« I 289.28**
TB x AD 8 1.43** 8 1.14«« 8 .53 8 1.78**
Regression BDc l i n e a r  I 26.64«« I 52.91** I 24.70** I 99.83""
Residual 5,687 .43 5,568 .44 3,139 .49 14 ,426 .45

® Three breed combined in  one analysis. 
b Sires/year for each breed. 
c BD = birth date.
”  (p< .01), * (p< .05).



TABLE 2H. LEAST SQUARES MEANS AND STANDARD ERRORS OF BIRTH WEIGHT (KG) CLASSIFIED ACCORDING TO TYPE OF 
BIRTH, AGE OF DAM, SEX AND THE LINEAR REGRESSION OF BIRTH WEIGHT ON BIRTH DATE BY BREED

RgmbouI l l e t Tarchee Three breeda
Variables No. BW (kg) No. BW (kg) No. BW (kg) No. BW (kg)

U 5,983 4.38 ± .05 5,748 4.41 ± .05 3,272 3.97

O-H 15,003 4.28 ± .03
Type o f  b i r t h

S ingle 2,563 5.16 ± .04 2,250 5.29 ± .05 1,352 4.88 ±  .08 6,165 5.12 i  .03
TWin 3,297 4.19 ± .04 3,388 4.29 ± .05 1,839 3.94 ± .08 8,524 4.14 ± .03
T r ip le t 123 3.81 + .09 110 3.65 ± .09 81 3.10 ± .14 314 3.57 ± .06

Age of dam
2 1,397 4.30 ± .10 1,432 4.07 ± .11 768 3.43 + .16 3,597 3.99 ±  .07
3 1,390 4.31 ± .09 1,363 4.45 ± .07 720 3.79 ± .11 3,473 4.21 + .05
4 1,277 4.38 + .06 1,148 4.52 ± .06 671 4.12 ± .11 3,096 4.35 ± .04
5 1,040 4.43 ± .06 926 4.47 + .09 566 4.21 ± .09 2,532 4.38 + .04
6+ 879 4.50 + .06 879 4.54 ± .06 547 4.32 ± .09 2,305 4.45 ± .04

Sex
Male 2,894 4.53 ± .05 2,804 4.56 + .06 1,653 4.08 ± .09 7,351 4.42 ± .03
Female 3,089 4.24 + .05 2,944 4.25 ± .06 1,619 3.86 ± .09 7,652 4.13 ± .03

R eg .b ir th  weight 
on b i r t h  da te
(g /d) 9.73 ± 1.23 16.60 ± 1.51 16.22 ± 2.28 13.24 ±  0.89

a Three breed combined in  one analysis
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TABLE 25 . COMPONENTS OF VARIANCE, HERITABILITIES (h 2 ) AND STANDARD 
ERRORS FOR SURV60, SURV120 AND SURV60120 AND BIRTH WEIGHT BY BREED

R a m b o u i l le t T arghee Columbia Three b re e d 3

SGRV6Oa
No. o b s e r v a t i o n 5 ,983 5 ,7 4 8 3 ,272 15,003
No. s i r e s 280 164 117 561
kb 0 2 0 .4 5 34 .06 26.25 25 .57

2 0 .7 8 10.40 145.83 43.47
a W2 1 ,3 1 0 .5 2 1 ,0 6 4 .0 3 1 ,1 9 1 .1 8 1 ,1 9 0 .4 2

h2W .06 .04 .44 .14
S .E . .02 .02 .07 .02

SURV120a
No. o b s e r v a t i o n 5 ,983 5 ,7 4 8 3 ,272 15,003
No. s i r e s 280 164 117 561
kb 2 0 .4 5 34 .06 26 .25 25 .57

31 .12 11.98 129.03 44 .99
1 ,503 .71 1 ,2 9 7 .6 6 1 ,5 1 5 .3 0 1 ,4 2 8 .1 8

h2W .08 .04 .31 .12
S .E . .02 .02 .05 .02

SURV601203
No. o b s e r v a t i o n 4 ,9 7 5 4 ,9 8 2 2 ,712 12,669
No. s i r e s 276 163 116 555
kb 17.24 2 9 .7 2 21 .77 21.80

a S2 6 .7 2 — 1 .88 20.41 6 .0 7
^w2 393-04 374 .44 561.79 422.47

h2 .07 —. 02 .14 .06
S .E . .02 .01 .04 .01

BIRTH WEIGHT0
No. o b s e r v a t i o n 5 ,9 8 3 5 ,7 4 8 3 ,272 15 ,003
No. s i r e s 280 164 117 561
kb 2 0 .4 5 34 .06 26 .25 25 .57

: : :
• 03 .03 .05 .04
.43 .44 .49 .45

h2 .25 .26 .39 .29
S .E . .03 .04 .06 .02

® A n a ly s i s  o f  v a r i a n c e  i n  t a b l e  16.
b W eighted  a v e ra g e  number r e c o r d s  p e r  s i r e  w i t h in  y e a r  o r  w i t h in  
b r e e d - y e a r  f o r  t h r e e  b ree d  combined. 
c A n a ly s i s  o f  v a r i a n c e  i n  t a b l e  23 .
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P oo led  h e r i t a b i l i t y  ( w i t h i n  b re e d )  e s t i m a t e s  fou n d  i n  t h i s  s tu d y  

w ere  .14, .12 and .06 f o r  SURV60, SURV120 and SURV60120, r e s p e c t i v e l y ,  

an d  a r e  i n  t h e  r a n g e  o f  h e r i t a b i l i t y  e s t i m a t e s  f o u n d  i n  p r e v i o u s  

s t u d i e s .  P r e v i o u s  e s t i m a t e s  o f  h e r i t a b i l i t y  o f  s u r v i v a b i l i t y  

i n c l u d e d  .05 f o r  s u r v i v a l  from  b i r t h  t o  w ean ing  i n  M erino  i n  A u s t r a l i a  

( P i p e r  e t  a l . ,  1 9 8 2 ) ;  .06  f o r  p r e w e a n i n g  m o r t a l i t y  o f  S u f f o l k ,  

H am psh ire ,  R a m b o u i l le t ,  D o r s e t ,  Targhee , C o r r i e d a l e  and C oarse  wool 

( S m i t h ,  19 7 7 ) ;  .07  a n d  .15 f o r  p o s t n a t a l  s u r v i v a l  u s i n g  i n d i v i d u a l  

r e c o r d s  a n d  m ean  r e c o r d s ,  r e s p e c t i v e l y  ( F o g a r t y  e t  a l . ,  1 9 8 2 ) ;  .13  

an d  .19  i n  tw o  R a m b o u i l l e t  f l o c k s  i n  T e x a s  ( S h e l t o n  a n d  M e n z i e s ,  

1970). S m a ll  n e g a t i v e  e s t i m a t e s  o f  h e r i t a b i l i t y  o f  s u r v i v a b i l i t y  w ere  

f o u n d  by P i p e r  e t  a l .  ( 1 9 8 2 ) .

The h e r i t a b i l i t y  e s t i m a t e  f o r  t h e  C o lu m b ia  b r e e d  i n  t h i s  s t u d y  

a r e  c l e a r l y  d i f f e r e n t  f rom  t h e  R a m b o u i l le t  and Targhee  e s t i m a t e s .  The 

p o o le d  v a lu e  may n o t  be a p p r o p r i a t e  f o r  t h e  t h r e e  s u b - p o p u l a t i o n s  from  

w h ic h  t h e  d a t a  ca m e . H o w e v e r ,  t h i s  e s t i m a t e  c o r r e s p o n d s  w e l l  w i t h  

v a lu e s  r e p o r t e d  i n  t h e  l i t e r a t u r e .  No r e a s o n  f o r  t h e  h i g h e r  e s t i m a t e  

f ro m  t h e  C o lu m b ia  d a t a  i s  a p p a r e n t ,  b u t  i t  i s  d o u b t f u l  i f  t h e  

h e r i t a b i l i t y  o f  s u r v i v a b i l i t y  i n  t h e  g e n e r a l  s h e e p  p o p u l a t i o n  i s  a s  

h ig h  a s  th e  Colum bia e s t i m a t e  s u g g e s t s ,  and th e  h e r i t a b i l i t y  may n o t  

be t h a t  h ig h  i n  t h e  C olum bia  b re e d .  A d d i t io n a l  in d e p e n d e n t  e s t i m a t e s  

f o r  t h i s  b r e e d  a r e  needed .

H e r i t a b i l i t y  e s t i m a t e s  o f  b i r t h  w e i g h t  f o u n d  i n  t h i s  s t u d y  f o r  

R a m b o u i l le t ,  Targhee and  Colum bia w e re  .25, .26 and .39, r e s p e c t i v e l y .  

The p o o le d  h e r i t a b i l i t y  e s t i m a t e s  i s  .29 . The p o o led  e s t i m a t e  i s  lo w e r  

t h a n  t h e  e s t i m a t e s  o f  .61 i n  5 b r e e d s  ( N e l s o n  a n d  V e n k a t a c h a l a m ,

\
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1 9 4 9 ) ;  .3 3  . ' i n  s h e e p  u n d e r  f a r m  f l o c k  c o n d i t i o n s  ( B l a c k w e l l  an d  

H e n d e r s o n ,  1 9 5 5 ) ;  b u t  h i g h e r  t h a n  t h e  e s t i m a t e s  o f  .12  i n  N o r w e g ia n  

s h e e p  ( G je d r e m ,  1 9 6 7 ) ;  .1 7  an d  .24  i n  s y n t h e t i c  l i n e s  ( M a r t i n  e t  a l , ,  

1 9 8 0 ) ;  a n d , .10  i n  c r o s s b r e d  l a m b s  ( T h r i f t  e t  a l . ,  1 9 7 3 ) .

The h e r i t a b i l i t y  e s t i m a t e s  f o r  b i r t h  w e ig h t  i n  R a m b o u i l l e t s  and 

T a r g h e e s  w e r e  s l i g h t l y  l o w e r  t h a n  t h o s e  r e p o r t e d  by E r c a n b r a c k  an d  

P r i c e  (1972) (.26 and .3 0 , r e s p e c t i v e l y )  f o r  t h e  c o r r e s p o n d in g  b re e d s .  

However, th e  e s t i m a t e  o f  h e r i t a b i l i t y  o f  b i r t h  w e ig h t  f o r  Colum bias  

(.39) was h i g h e r  th a n  t h e  v a lu e  (.12) r e p o r t e d  by th o s e  a u th o r s .

P h e n o ty p ic  and g e n e t i c  c o r r e l a t i o n s  among s u r v i v a b i l i t y  and b i r t h  

w e ig h t  i n  r a n e e  sh e ep .  P h e n o ty p ic  c o r r e l a t i o n s  be tw e en  SURV60 SURV120 

w e r e  h i g h  ( t a b l e  2 6 ) ,  r a n g i n g  f r o m  .84  t o  .89  w i t h  p o o l e d  a v e r a g e  

o f  .8 7 .  R e l a t i v e l y  lo w  p h e n o t y p i c  c o r r e l a t i o n s ,  h o w e v e r ,  w e r e  f o u n d  

b e tw e en  b i r t h  w e ig h t  and  SURV60 and  SURV120. The c o r r e l a t i o n s  ran g e d  

f r o m  .2 0  t o  .2 8  w i t h  p o o l e d  m ean  o f  .2 5  b e t w e e n  b i r t h  w e i g h t  and  

SURV60, and f ro m  .19 t o  .26 w i th  a  p o o le d  a v e ra g e  o f  .23 be tw e en  b i r t h  

w e ig h t  and SURV120 ( t a b l e  26) . Very low p h e n o ty p ic  c o r r e l a t i o n s  w ere  

f o u n d  b e t w e e n  b i r t h  w e i g h t  a n d  SURV60120. The r a n g e  w a s  f r o m  .03 

t o  .0 6  w i t h  p o o l e d  v a l u e  of. .0 4  ( t a b l e  2 7 ) .

H igh  p h e n o t y p i c  c o r r e l a t i o n  b e t w e e n  SURV60 a n d  SURV120 w as  

l a r g e r l y  d u e  t o  t h e  lo w  m o r t a l i t y  b e t w e e n  60 d a n d  120 d . Low 

p h e n o ty p ic  c o r r e l a t i o n s  be tw een  b i r t h  w e i g h t  and SURV60 o r  S0RV120 a r e  

l a r g e r l y  due t o  t h e  c u r v i l i n e a r  a s s o c i a t i o n  be tw een  b i r t h  w e ig h t  and 

s u r v i v a b i l i t y .  Low p h e n o t y p i c  c o r r e l a t i o n  b e tw e e n  b i r t h  w e i g h t  an d  

s u r v i v a b i l i t y  i s  i n  a g r e e m e n t  w i t h  t h e  v a l u e  ( .2 3 ) r e p o r t e d  by 

S m ith  ( 1 9 7 7 ) .
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G e n e t ic  c o r r e l a t i o n  be tw e en  SURV60 and SURVI20 ( t a b l e  26) ra n g e d  

f ro m  .94 t o  1.08 w i th  a  p o o le d  a v e ra g e  o f  .96. T h is  m eans t h a t  g e n e t i c  

v a r i a t i o n  i n  SURV60 i s  h i g h l y  c o r r e l a t e d  w i t h  g e n e t i c  v a r i a t i o n  i n  

SURVI20 . S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  by F o g a r t y  e t  a l .  (1 9 8 2 )  who 

r e p o r t e d  a  g e n e t i c  c o r r e l a t i o n  b e tw e en  n e o n a t a l - s u r v i v a l  and p o s t n a t a l  

s u r v i v a l  o f  . 78 .

M o d e ra te  g e n e t i c  c o r r e l a t i o n  b e tw e e n  b i r t h  w e ig h t  arid SURV60 and 

§URV120 was found  f o r  R a m b o u i l le t s  and C o lum bias ,  b u t  v e ry  low  g e n e t i c  

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

T argh e e s .  However, th e  po o led  g e n e t i c  c o r r e l a t i o n  i s  m o d e ra te  a s  shown 

i n  t a b l e  26. S e l e c t i o n  f o r  b i r t h  w e ig h t  s h o u ld  r e s u l t  i n  some g e n e t i c  

g a i n  f o r  s u r v i v a b i l i t y ,  w i t h  t h e  e x c e p t i o n -  i n  T a r g h e e  b r e e d .  The 

g e n e t i c  c o r r e l a t i o n  b e t w e e n  b i r t h  w e i g h t  a n d  SURV6 0 1 2 0  w a s  

c o n s i s t e n t l y  low  f o r  a l l  b r e e d s  ( t a b l e  27). Hence, s e l e c t i o n  f o r  b i r t h  

w e ig h t  would  r e s u l t  i n  v e ry  low g e n e t i c  g a in  f o r  SURV60120. Due to  th e  

c u r v i l i n e a r  r e l a t i o n s h i p  s e l e c t i o n  f o r  b i r t h  w e i g h t  t o  i m p r o v e  

s u r v i v a b i l i t y  i s  p ro b a b ly  n o t  a d v i s a b l e .  '

T h e s e  r e s u l t s  a r e  s i m i l a r  t o  t h e  f i n d i n g  o f  S m i t h  (1 9 7 7 )  who 

fo u n d  n e g a t i v e  g e n e t i c  c o r r e l a t i o n  b e tw e e n  b i r t h  w e ig h t  and m o r t a l i t y
J

C r * = - .2 8 ) .  D i f f e r e n c e s  i n  t h e  s i g n  o f  g e n e t i c  c o r r e l a t i o n  f o u n d  i n  

t h e s e  r e s u l t s  w e r e  due  t o  t h e  o p p o s i t e  p a r a m e t e r  ( s u r v i v a b i l i t y  v s .  

m o r t a l i t y )  u s e d .
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TABLE 2 6 .  COMPONENT OF VARIANCE AND COVARIANCE OF SURV60, SURV120 AND 
SURV60120, BIRTH WEIGHT (BW), GENETIC CORRELATION ( r  ) AND PHENOTYPIC

CORRELATION ( r )  BY BREED

R a m b o u i l le t Targhee Columbia Three b re e d 3

No. o b s e r v a t i o n 5 ,983 5 ,7 4 8 3 ,2 7 2 15,003
No. s i r e s 2 80 164 117 561
kb 2 0 .4 5 34 .06 26.25 25 .57

aa2
SURV60 (I)G 2 0 .7 8 10.40 145.82 43.47
SURV120 (2 )c 31 .12 11.98 129.03 44 .9 9
BW ( 3 ) d 

CL.2
.03 .03 .05 .04

SURV60 ( I ) 0 1 ,3 1 0 .5 0 1 ,0 6 4 .0 0 1 ,1 9 1 .1 8 1 ,1 9 0 .4 0
SURV120 (2 )0 1 ,5 0 3 .7 2 1 ,2 9 7 .6 6 1 ,5 1 5 .2 9 1 ,4 2 8 .2 0
BW (3 )d .43 .44 .49 • 45

as12 2 4 .5 8 12.02 129.39 42.36
as 1 3 .27 - .0 0 1 9 1.35 .41

.29 .0004 1.31 .42
P h e n o ty p ic  c o r r e l a t i o n

r 12 .88 .87 .84 .87
r 13 .26 .20 .28 .25

r 23 e
G e n e t ic  c o r r e l a t i o n

.25 .19 .27 .23

r g12 .97 1.08 .94 .96
( .0 3 ) ( .0 6 ) ( .0 2 ) ( .0 1 )

r g13 .35 - .  003 .49 .33
( .1 5 ) ( .2 0 ) ( .1 1 ) ( .0 7 )

r g23 • 31 .001 .50 .33
( .1 4 ) ( .2 1 ) ( .1 1 ) ( .0 7 )

^ Three b ree d  combined i n  one a n a l y s i s .
W eighted a v e ra g e  number r e c o r d s  p e r  s i r e  w i t h i n  y e a r  o r  b r e e d - y e a r  

f o r  t h r e e  b ree d  combined i n  one a n a l y s i s .  
c A n a ly s i s  o f  v a r i a n c e  i n  t a b l e  16. 
d A n a ly s is  o f  v a r i a n c e  i n  t a b l e  23. 
e Number i n  p a r e n t h e s e s  a r e  s t a n d a r d  e r r o r s .
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TABLE 2 7 .  COMPONENT OF VARIANCE AND COVARIANCE OF SURV60120, BIRTH 
WEIGHT (BW), GENETIC CORRELATION ( r „ )  AND PHENOTYPIC CORRELATION ( r )

BY BREED

R a m b o u i l le t  T arghee  Columbia Three b re e d 3

No. o b s e r v a t i o n  4 , 975 4 ,9 8 2 2 ,712 12,669
No. s i r e s 276 163 116 555
kb 17.24 2 9 .7 2 21 .77 21 .80

a  2
SURV60120 (1 )0 6 .7 2 - 1 .8 8 20.41 6 .07
BW ( 2 ) d .03 .03 .04 .03

aW2
SURV60120 (1 )0 393 .04 374 .44 561 .79 422.47
BW ( 2 ) d .35 .37 .42 .38

as12 .04 .005 .13 .05
P h e n o ty p ic  c o r r e l a t i o n

r IP .04 O UU .06 .04
G e n e t ic  c o r r e l a t i o n * 6

r g12 .08
( .1 7 )

f .15
( .1 9 )

.11
( .1 1 )

^ Three b ree d  combined i n  one a n a l y s i s .
6 W eighted  a v e ra g e  number r e c o r d s  p e r  s i r e  w i t h i n  y e a r  o r  b r e e d - y e a r  
f o r  t h r e e  b ree d  com bines i n  one a n a l y s i s .
0 A n a ly s i s  o f  v a r i a n c e  i n  t a b l e  16. 
d A n a ly s is  o f  v a r i a n c e  i n  a p p e n d ix  t a b l e  64 . 
e Number i n  p a r e n t h e s e s  a r e  s t a n d a r d  e r r o r s .  
f  Non e s t i m a b l e .
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Growth characters o f Indonesian sheen

B i r t h  w e ig h t .  L e a s t  s q u a r e s  a n a l y s i s  o f  v a r i a n c e  ( t a b l e  28) shows 

t h a t  u n d e r  v i l l a g e  c o n d i t i o n s ,  l o c a t i o n ,  ty p e  o f  b i r t h ,  age  o f  dam and 

s e x  x ty p e  o f  b i r t h  i n t e r a c t i o n  w ere  i m p o r t a n t  s o u r c e s  o f  .v a r i a t i o n .  

Sex, y e a r  and month o f  b i r t h  w ere  n o t  i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n .  

Under e x p e r im e n t  s t a t i o n  c o n d i t i o n s  s e x ,  ty p e  o f  b i r t h ,  y e a r ,  month o f  

b i r t h  a n d  l i n e a r  a n d  q u a d r a t i c  r e g r e s s i o n  o f  b i r t h  w e i g h t  on  a g e  o f  

dam a r e  s i g n i f i c a n t  s o u r c e s  o f  v a r i a t i o n .  Breed d i f f e r e n c e s  w ere  n o t  

s i g n i f i c a n t  u n d e r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s .

G e n e r a l  m ean (U) f o r  b i r t h  w e i g h t  u n d e r  v i l l a g e  c o n d i t i o n s  w as  

1 .97  k g ,  a n d  u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  i t  w a s  1 .87  ( t a b l e  

2 9 ) .  The a v e r a g e  b i r t h  w e i g h t s  i n  t h i s  s t u d y  a r e  t y p i c a l  o f  t r o p i c a l  

s h e e p .  F i t z h u g h  a n d  B r a d f o r d  (1 9 8 3 )  i n  a  s t u d y  o f  a  v a r i e t y  o f  h a i r  

sh e e p  r e p o r t e d  t h a t  b i r t h  w e ig h ts  r a n g e d  from  1.8 to  3.3 kg.

D i f f e r e n c e s  i n  b i r t h  w e ig h t  a t  t h r e e  d i f f e r e n t  l o c a t i o n s  ( t a b l e  

29) was a s  e x p e c te d ,  w i th  GAR h a v in g  t h e  h i g h e s t  b i r t h  w e ig h t  f o l lo w e d  

by CIB a n d  Clfi. S h e e p  i n  GAR a r e  l a r g e r  t h a n  s h e e p  a t  CIB an d  CIR, 

b e c a u se  i n  t h i s  a r e a  sh e ep  a r e  d e v e lo p e d  m o s t ly  f o r  t h e  p r o d u c t io n  o f  

f i g h t i n g  ram s  and  a r e  managed u n d e r  i n t e n s i v e  c o n d i t i o n s .  Sheep i n  CIR 

a r e  t h e  s m a l l e s t  and a r e  managed u n d e r  s e m i - e x t e n s i v e  c o n d i t i o n s  i n  a 

h a r s h e r  e n v iro n m e n t .  Sheep i n  CIB a r e  i n t e r m e d i a t e  i n  s i z e .

B r e e d  d i f f e r e n c e s  u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  w ere  n o t  

s i g n i f i c a n t ,  e v e n  th o u g h  l e a s t  s q u a r e s  m ean s  show t h a t  JTT w e r e  

h e a v i e r  th a n  FT.
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TABLE 28 . ANALYSIS OF VARIANCE OF BIRTH WEIGHT (KG) OF INDONESIAN 
SHEEP UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

S ource  o f  v a r i a t i o n d f Mean s q u a r e s

L o c a t io n
V i l l a g e

2 2 .0 4 * *
Sex I .14
Type o f  b i r t h  (TB) 2 21 .50**
Age o f  dam 3 2 .68»«
Year 2 .78+
Month 11 1.53
Sex x TB 2 1.38*
R e s id u a l 403 • 32

Breed
Exoerlment

I
s t a t i o n

.58
Sex I 1.57*
Type o f  b i r t h 3 22 .50«*
Year 2 .92*
Month 11 .54«
R e g r e s s io n s

Age o f  dam l i n e a r I 2 .96**
Age o f  dam q u a d r a t i c I 1.62«

R e s id u a l 328 .29

** (P < .01) ,  " ( p < .0 5 ) ,  + (p< .1)

Ram lam b s  a r e  c o n s i s t e n t l y  h e a v ie r  th a n  ewe lam b s  i n  t h i s  s tu d y .  

U nder  v i l l a g e  c o n d i t i o n s  ew e l a m b s  w e ig h e d  a b o u t  2 $ l e s s  t h a n  ram  

l a m b s ,  a l t h o u g h  t h i s  d i f f e r e n c e  w as  n o t  s i g n i f i c a n t .  U n d e r  s t a t i o n  

c o n d i t i o n s  ew e l a m b s  w e r e  a b o u t  7$ l i g h t e r  t h a n  ram  l a m b s  (p < .0 5 ) .  

T h e s e  r e s u l t s  w e r e  o u t s i d e  t h e  r a n g e  o f  d i f f e r e n c e s  r e p o r t e d  by 

F i tz h u g h  and B ra d fo rd  (1983) who r e p o r t e d  t h a t  ram lam b s  w ere  3 - 5 5 6

h e a v i e r  a t  b i r t h  th a n  ewe lam bs.
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TABLE 2 9 .  LEAST SQUARES MEANS AND STANDARD ERRORS OF BIRTH WEIGHT (BW) 
CLASSIFIED ACCORDING TO SOME MAIN EFFECTS AND COVARIATES UNDER VILLAGE

AND EXPERIMENT STATION CONDITIONS

V illage____  Experiment s ta t io n
V a r i a b l e s No. BW (kg) No. BW (k g )

U 427 1.97 ± .06 349 1.87  ± .07
Breed

JTT 298 1.95  ±  .0 5
FT 51 1.80  ± .12

L o c a t io n
GAR 92 2 .11  ± .09
CIB 277 2 .0 3  + .05
CIR 58 1.76  ±  .10 •  •  •

Sex
Female 234 1 .95  ± .07 201 1.81 ± .0 8
Male 193 1 .99  ± .07 148 1.94 ±  .0 8

Type o f  b i r t h
I 173 2 .5 2  ± .06 78 2 .7 0  ± .0 9
2 208 1 .95  ±  .06 132 2 .0 0  ±  .08
3 46 1.44  ± .11 84 1.62  ± .0 9
4 55 1.18 ± .10

Age o f  dam
I 55 1 .65  ± .09
2 210 1 .99  ±  .07
3 98 2 .0 7  ± .0 8
4 64 2 .1 6  ± .09

R e g .b i r t h  w e ig h t  
on age o f  dam

l i n . (kg/mo) 
q u a d .(k g /m o 2 )

.013  ± .004  
- .0 0 0 5 ± .0 0 0 2

L e a s t  s q u a r e s  means o f  b i r t h  w e ig h t  a c c o r d in g  to  ty p e  o f  b i r t h  

( t a b l e  29)  show t h a t  l a m b s  f ro m  l a r g e r  l i t t e r s  a r e  l i g h t e r  t h a n  

s i n g l e - b o r n  lam b s .  Under v i l l a g e  c o n d i t i o n s  th e  w e ig h t  o f  tw in s  and 

t r i p l e t s ,  r e s p e c t i v e l y ,  w e r e  77 .4$  a n d  57 .1$  o f  s i n g l e  b i r t h  w e i g h t .  

U nder  s t a t i o n  c o n d i t i o n s  b i r t h  w e i g h t  o f  t w i n s ,  t r i p l e t s  an d  

q u a d r u p l e t s  w ere  74.1$, 60$, 43.7$ o f  s i n g l e s .  These r e l a t i v e  w e ig h ts  

f o r  m u l t i p l e s  a r e  l o w e r  th a n  m ost o b s e r v a t i o n  i n  h a i r  sh e e p  r e p o r t e d
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by F i t z h u g h  and  B r a d f o r d  ( 1983) who f o u n d  t h a t  t w i n s ,  t r i p l e t s  arid 

q u a d r u p l e t s ,  a s  p e r c e n ta g e s  o f  s i n g l e s ,  r a n g e d  f rom  81% t o  93%; 63% to  

87% an d  52% t o  70%, r e s p e c t i v e l y .  D i c k i n s o n  e t  a l .  ( 1962) i n  a  s t u d y  

u s in g  egg  t r a n s f e r  a l s o  fo u n d  h i g h e r  e s t i m a t e s  th a n  t h i s  s tu d y .  They 

c o n c lu d e d  t h a t  t w i n s  a r e  e x p e c te d  t o  be 78% and t r i p l e t s  62% o f  mean 

w e i g h t  o f  s i n g l e s .  S i n c e  u n d e r n u t r i t i o n  o f  t h e  ewe d e p r e s s e s  b i r t h  

w e i g h t s  o f  m u l t i p l e s  m ore  th a n  th o s e  o f  s i n g l e s  (W a l la c e ,  1948), t h e  

r e s u l t s  s u g g e s t  t h e s e  e w e s  may n o t  h a v e  b e e n  r e c e i v i n g  a d e q u a t e  

d i g e s t i b l e  en e rg y  p r  o t h e r  n u t r i e n t s .

L e a s t  s q u a r e s  m e a n s  ( t a b l e  2 9 )  s h o w s  t h a t  u n d e r  v i l l a g e  

c o n d i t i o n s  m a tu re  ew es p ro d u ced  h e a v i e r  lam b s  th a n  young ew es. T hree-  

a n d  4 - y r - o l d  e w e s  i n  t h i s  s t u d y  p r o d u c e d  a r o u n d  16.5% h e a v i e r  l a m b  

w e ig h t  a t  b i r t h  th a n  I -  and 2 - y r - o l d  ew es. T h is  r e s u l t  i s  i n  a g re e m e n t  

w i t h  t h e  f i n d i n g  o f  V e s e l y  a n d  P e t e r s  (.1 964) an d  C h o p ra  an d  A c h a ry a  

(1971b) who i n d i c a t e d  t h a t  2 - y r - o l d  ewes' b o re  l i g h t e r  la m b s  th a n  o l d e r  

ew es ,  and b i r t h  w e ig h t  showed a s l i g h t  i n c r e a s e  f o r  e a ch  y e a r  i n c r e a s e  

i n  a g e  o f  dam u p  t o  5 -  t o  6 - y r - o l d .  U nder  e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s  a  c u r v i l i n e a r  r e l a t i o n s h i p  b e tw e e n  b i r t h  w e ig h t  and age  o f  

dam w a s  f o u n d .  The l i n e a r  a n d  q u a d r a t i c  r e g r e s s i o n  c o e f f i c i e n t s  

w e r e  .0 1 3  k g / m o n t h  a n d  - .0 0 0 5  k g / m o ^ ,  r e s p e c t i v e l y .  Maximum 

b i r t h  w e i g h t  o c c u r e d  w hen  e w e s  w e r e  a p p r o x i m a t e l y  3 9 .9  mo o f  a g e .  A 

c u r v i l i n e a r  r e l a t i o n s h i p  be tw een  age  o f  dam and b i r t h  w e ig h t  was a l s o  

found  by B la c k w e l l  and H enderson  ( 1955), B h a s in  and D e s a i  (1967)» and 

Hohenboken e t  a l .  (1976b).

Year d i f f e r e n c e s  i n  b i r t h  w e ig h t  u n d e r  s t a t i o n  c o n d i t i o n s  (p<.05) 

r e f l e c t e d  v a r i a t i o n  i n  m anagem ent y e a r  by y e a r  and th e  a v a i l a b i l i t y  o f
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f e e d  s u p p l y .  S i g n i f i c a n t  y e a r  v a r i a t i o n  w a s  r e p o r t e d  a l s o  by C h o p ra  

a n d  A c h a r y a  (1 9 7 1 b )  a n d  A b d e l  A z i s  e t  a l .  ( 19 7 8 ) .  U n d e r  v i l l a g e  

c o n d i t i o n s  y e a r  e f f e c t s  w e r e  n o t  s i g n i f i c a n t  ( p < .1 ) .  T h i s  s u g g e s t s  

t h a t  t h e r e  w a s  o n l y  s m a l l  v a r i a t i o n  i n  m a n a g e m e n t  a n d  f e e d  s u p p l y  

d u r in g  t h e  p e r io d  s t u d i e d .  Gjedrem (1967)» Dass and A charya  (1970) and 

B u v a n e n d r a n  e t  a l .  (1 9 8 1 )  a l s o  f o u n d  t h a t  y e a r  w as  n o t  a  s i g n i f i c a n t  

s o u rc e  o f  v a r i a t i o n .

L e a s t  s q u a r e s  means f o r  b i r t h  w e ig h t  by m onths  w i t h i n  y e a r  show 

some f l u c t u a t i o n  (ap p e n d ix  t a b l e  66), and s u g g e s t s  t h a t  s e a s o n  h a s  an  

e f f e c t  on b i r t h  w e i g h t .  H o w e v e r ,  m o n th s ,  a s  a s o u r c e  o f  v a r i a t i o n ,  

w e r e  o n l y  i m p o r t a n t  u n d e r  s t a t i o n  c o n d i t i o n s  (p < .0 5 ) .  B i r t h  w e i g h t  

means month by month u n d e r  s t a t i o n  c o n d i t i o n s  shows t h a t  i n  June  b i r t h  

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

B uvanendran  e t  a l .  (1981) i n  a  s tu d y  on N ig e r i a n  sh e ep  n o te d  t h a t  lam b 

bo rn  d u r in g  th e  d ry  s e a s o n  w ere  l i g h t e r  a t  b i r t h  th a n  t h o s e  lam bs  b o rn  

d u r in g  t h e  w e t  s e a s o n .  However, s t u d i e s  r e p o r t e d  by B a s h in  and D esa i  

(1 9 6 7 )  a n d  Khan a n d  B h a t  (1 9 8 1 )  i n d i c a t e d  t h a t  s e a s o n  w as  n o t  a n  

i m p o r t a n t  s o u rc e  o f  v a r i a t i o n .

P o s t n a t a l  g ro w th .  L e a s t  s q u a r e s  a n a l y s i s  o f  v a r i a n c e  ( t a b l e  30) 

shows t h a t  u n d e r  v i l l a g e  c o n d i t i o n s  l o c a t i o n  was an  i m p o r t a n t  s o u rc e  

o f  v a r i a t i o n  f o r  w e i g h t  a t  30 d ,  w e i g h t  a t  60 d ,  w e a n i n g  w e i g h t  an d  

p re w e a n in g  d a i l y  g a in .  GAR had th e  h e a v i e s t  lam b s  f o l l o w e d  by CIB and 

CIR a s  e x p e c te d  ( t a b l e  31).



TABLE 3 0 . ANALYSIS OF VARIANCE OF WEIGHT AT 30 D (W 30), WEIGHT AT 60 D (W 60), WEANING WEIGHT AT 90 D (WWT)
AND PREWEANING DAILY GAIN UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

Source o f  v a r i a t i o n
W30 (Ioz) W60 (kiz) WWT (kg) PREWG (c)

df Mean squares df Mean squares df Mean squares df Mean squares

YillfiKS
Location (L) 2 3.54* 2 12.27* 2 31.58** 2 3,767.31”
Sex I 3.75+ 1 10.40+ I 7.81 I 856.74
Type of b i r t h  (TB) 2 15.38«« 2 36.86«» 2 55.39** 2 6,881.31”
Year 2 .97 2 5.84 2 17.33” 2 2,095.23«
Month 11 1.22 11 6.36* 11 13.96” 11 1.706.21**
Age o f  dam (AD) 3 1.00 3 3.32 3 7.07 3 804.83
L x TB 3 5.41** 3 11.91** 3 20.13” 4 2,330.86««
L x Sex n .s . n . s . 2 14.70* 2 1,793.54*
TB x AD 6 1.88+ n .s . n . s . n . s .
Regressions
B ir th  weight l i n e a r I 96.28*« I 62.48** I 39.62** n . s .
B ir th  weight q u ad ra t ic I 3.44+ n .s . n . s . n . s .
Residual 319 1.05 283 2.83 256 4.60 257 569.33

Exnerlment s t a t i o n
Breed (B) I .42 I .51 I 5.50 I 1,099.73
Sex I 1.86 I 10.42* I 1.64 I 97.03
Type o f  b i r t h  (TB) 3 9.06** 3 23.42»« 3 18.34” 3 8,057.09”
Year 2 10.14** 2 55.56«* 2 69.33” 2 10,214.86**
Month 11 2.37** 11 6.22** 11 21.06*« 11 2,643.60**
Sex x TB n .s . 3 6.47« n .s . n . s .
B x Sex n .s . n . s . I 31.78** I 3 ,884.29”
Regressions
Age o f  dam l in e a r I 11.51** I 13.78* I 11.82+ I 2,035.42«
Age o f  dam q u ad ra t ic I 5.62* n . s . I 8.78+ I 1,680.58*
B ir th  weight l i n e a r I 23.38** I 47.85** I 86.87” n . s .
B ir th  w eight q u a d ra t ic I 6.12*« n .s . n . s . n . s .
Residual 177 .87 173 2.40 164 3.41 163 427.61

** (p< .01), * (p< .05), + (p< .1 ) .
n . s .  Non s ig n i f i c a n t  a t  the  p re lim inary  a n a ly s i s  (p> .1 ) ,  hence d e le ted  from the model
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TABLE 31. LEAST SQUARES MEANS AND STANDARD ERRORS OF WEIGHT AT 30 D (W30), WEIGHT AT 60 D (W60), WEIGHT 
AT WEANING AT 90 D (WWT)1 AND DAILY GAIN FROM BIRTH TO 90 D (PREWG) CLASSIFIED ACCORDING TO SOME MAIN 

EFFECTS AND COVARIATES UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

Variables No. W30 (kg) No. W60 (kg) No. WWT (kg) PREWG (g)a

Village
U 352 4.46 + .15 309 6.43 ± .23 284 8.34 + .31 67.7 ± 3.36
Location

GAR 84 4.66 ± .21 76 7.06 + .31 65 9.43 ± .43 79.6 ± 4.75
CIB 224 4.66 ± .14 199 6.46 ±  .20 189 8.19 ± .26 65.8 ± 2.85
CIR 44 4.06 ±  .06 34 5.78 + .43 30 7.40 ±  .56 57.7 ± 6.12

Sex
Female 184 4.35 ±  .17 162 6.24 ±  .25 151 8.11 ± .36 65.3 ± 3.98
Male 168 4.57 ± . 16 147 6.62 ± .25 133 8.57 ± .34 70.1 ± 3.80

Type of b i r t h
I 152 5.22 ±  .15 130 7.52 + .24 118 9.82 ±  .32 82.6 + 3.45
2 173 4.23 ±  . 18 152 5.97 ± .28 141 7.84 ± .38 62.4 ± 4.13
3 27 3.93 ±  .30 27 5.80 ± .42 25 7.34 ±  .57 58.2 + 6.01

Age of dam
I 47 4.34 ± .28 43 6.32 ±  .36 42 8.16 ±  .47 66.9 ± 4.98
2 181 4.69 ± .17 159 6.41 + .24 145 8.41 ± .33 68.4 ± 3.63
3 72 4.44 ± .22 63 6.81 + .31 60 8.88 ±  .42 73.2 i  4.63
4 52 4.36 ±  .26 44 6.19 ± .32 37 7.90 ± .43 62.3 ± 4.78

R e g . t r a i t s  on 
b i r t h  weight
l i n .  (kg/kg) 
quad .(kg/kg2 )

1.09
- .2 2

±  .11 
±  -12

.87 ±  .19 .73 ±  .25 . . .
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TABLE BI. (CONTINUED)

Variables No. W30 (kg) No. W60 (kg) No. WWT (kg) PREWG (g)a

Experim ent s t a t io n
U
Breed

200 4.95 ± .18 197 7.42 ± .26 187 9.55 ± .36 80.6 ± 3-99

JTT 168 5.04 ± .13 166 7.52 ±  .17 158 9.90 + .23 85.5 ± 2 .62
FT 32 4.86 i 2 9 31 7.32 ± .44 29 9 ^0  + .60 75.8 + 6.59

Sex
Female 103 4.85 ± .18 101 7.14 ±  .28 97 9.68 + .39 81.7 + 4.28
Male

Type of b i r t h
97 5.05 ± .20 96 7.70 ±  .30 90 9.41 + .43 79.6 + 4.80

I 57 5.96 ± .24 57 9.00 ±  .34 56 10.94 ± .48 101.9 *  4.74
2 84 4.97 ± .19 82 7.26 ± .29 76 9.24 ± .41 77.0 + 4.51
3 37 4.74 ± .24 36 7.22 ± .37 35 9.14 ±  .48 74.9 ± 5.22
4 22 4.13 ± .29 22 6.70 ± .30 20 8.88 + .62 68.7 + 6.37

R e g . t r a i t s  on 
b i r t h  weight 
I in . (k g /k g ) .82 ± .16 1.15 ± .26 1.64 ± .32
q u a d . (k g /k g 2) 
R e g . t r a i t s  on 
age of dam

.35 ±  .13

I in.(kg/mo) • 03 9± .011 .029+ .012 .040± .022 .518+ .24
quad.(kg/mo2) - .001± .0005 -.018+  .001 -.024+ .01

3 No. observation equal to WWT
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Under e x p e r im e n t  s t a t i o n  c o n d i t i o n s  b re e d  c o n s i s t e n t l y  was n o t  a 

s i g n i f i c a n t  s o u r c e  o f  v a r i a t i o n .  L e a s t  s q u a r e s  m e a n s  ( t a b l e  31)  

i n d i c a t e d  t h a t  JTT w e r e  c o n s i s t e n t l y  h e a v i e r  t h a n  FT, a l t h o u g h  t h e  

d i f f e r e n c e s  w as  n o t  s i g n i f i c a n t .  T h e s e  r e s u l t s  a r e  a s  e x p e c t e d  an d  

c o n s i s t e n t  w i t h  t h e  f i n d i n g  i n  b i r t h  w e i g h t .  W ean in g  w e i g h t  a t  90 d 

( t a b l e  31) u n d e r  v i l l a g e  c o n d i t i o n s  was 8.34 kg and u n d e r  e x p e r im e n t  

s t a t i o n  c o n d i t i o n s  was 9.55 kg. Weaning w e i g h t s  from  t h i s  s tu d y  w ere 

i n  t h e  r a n g e  o f  w e a n i n g  w e i g h t s  o f  h a i r  s h e e p  r e p o r t e d  by B r a d f o r d

(1983) who found  th e  a v e ra g e  w e ig h t  o f  7.5 kg f o r  sheep  i n  S en eg a l  a t  

90 d ,  M a r t i n e z  (1 9 8 3 )  i n  a  s t u d y  o f  h a i r  s h e e p  i n  V e n e z u e la  r e p o r t e d  

w e a n in g  w e i g h t s  a t  90 d t h a t  r a n g e d  f r o m  10.2 kg  t o  12.5 k g ,  

N arayanasw am i e t  a l .  (1975) r e p o r t e d  w ean in g  w e ig h t  i n  I n d i a n  sheep  o f  

9 .44  kg .

A se x  e f f e c t  on p re w e a n in g  g ro w th  and w ean ing  w e ig h t  g e n e r a l l y  

was n o t  a  s i g n i f i c a n t  s o u rc e  o f  v a r i a t i o n  ( t a b l e  30), e x c e p t  f o r  60 d 

w e ig h t  u n d e r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s  w hich  was s i g n i f i c a n t .  A 

n o n - s i g n i f i c a n t  e f f e c t  o f  s e x  on p o s t n a t a l  g r o w t h  w a s  r e p o r t e d  by 

M a lik  and Acharya (1972b); N arayanasw am i e t  a l .  (1975); Abdel A zis  e t  

a l .  ( 1 9 7 8 ) ;  B h a d u la  a n d  B h a t  ( 1 9 8 0 ) ;  B u v a n e n d r a n  e t  a l .  ( 1 9 8 1 ) .  

However, a s i g n i f i c a n t  e f f e c t  o f  sex  on p o s t n a t a l  g ro w th  was r e p o r t e d  

by Dass and Acharya (1970);  D ic k e rso n  e t  a l .  (1975); and A lra w i  e t  a l .  

( 1982) .

Ram l a m b s  u s u a l l y  g a i n  f a s t e r  a n d  w e ig h  m o re  t h a n  ew e l a m b s .  

S i m i l a r  p h e n o m e n a  w e r e  f o u n d  i n  t h i s  s t u d y ,  w i t h  t h e  e x c e p t i o n  o f  

p r e w e a n i n g  d a i l y  g a i n  a n d  w e a n i n g  w e i g h t  u n d e r  e x p e r i m e n t  s t a t i o n

c o n d i t i o n s  w h e r e  ew e l a m b s  w e r e  s l i g h t l y  h e a v i e r  a n d  g a i n e d  f a s t e r



t h a n  ram lam b s .  The s t a n d a r d  e r r o r s  w e re  h ig h  and t h e  d i f f e r e n c e s  w ere  

n o t  s i g n i f i c a n t .  The p o s s i b l e  e x p l a n a t i o n  f o r  t h e s e  r e s u l t s  may be 

f o u n d  i n  t h e  i m p o r t a n t  i n t e r a c t i o n  ( p < . 0 1) b e t w e e n  b r e e d  a n d  s e x .  I n  

one  b r e e d  ram  l a m b s  w e r e  l i g h t e r  t h a n  ew e l a m b s ,  b u t  w i t h  o n l y  few  

o b s e r v a t i o n s .  Ram l a m b s  i n  t h i s  s t u d y  w e r e  5.1%, 6.1%, 5.7% h e a v i e r  

an d  g a i n e d  7.4% f a s t e r  t h a n  ewe l a m b s ,  r e s p e c t i v e l y ,  u n d e r  v i l l a g e  

c o n d i t i o n s  f o r  w e i g h t  a t  30 d ,  w e i g h t  a t  60 d ,  w e a n i n g  w e i g h t  and  

p re w e a n in g  d a i l y  g a in .  Fo r  w e ig h t s  a t  30 d and 60 d u n d e r  e x p e r im e n t  

s t a t i o n  c o n d i t i o n s  ram lam b s  w ere  4.1% and 7.8% h e a v i e r ,  r e s p e c t i v e l y ,  

f o r  c o r r e s p o n d in g  t r a i t s .  B ra d fo rd  (1983) i n  a s tu d y  o f  S en eg a l  sheep  

found  t h a t  ram lam bs  w e re  12.2% and 11.3% h e a v ie r  th a n  ewe lam b s  a t  30 

and 90 d, r e s p e c t i v e l y .  N e lson  and V enka tacha lam  (1949) found  t h a t  a t  

w ean ing , ram lam bs  w e re  5% h e a v ie r  th a n  ewe lam bs. i

Type o f  b i r t h  c o n s i s t e n t l y  a f f e c t e d  p r e w e a n i n g  w e i g h t ,  w e a n in g  

w e i g h t  a n d  p r e w e a n i n g  d a i l y  g a i n  ( t a b l e  30)  u n d e r  b o t h  v i l l a g e  and  

e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  ( p < .0 1>. Lam bs b o r n  i n  l a r g e r  l i t t e r s  

c o n s i s t e n t l y  w e r e  l i g h t e r  i n  w e i g h t  o r  g a i n e d  l e s s  t h a n  s i n g e - b o r n  

l a m b s  ( t a b l e  31 ) .  T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  m o s t  s t u d i e s  

r e p o r t e d :  N e l s o n  a n d  V e n k a t a c h a l a m  ( 1 9 4 9 ) ,  D i c k e r s o n  e t  a l .  ( 1 9 7 5 ) ,  

d e B a c a  e t  a l .  ( 1 9 5 6 ) ,  A l r a w i  e t  a l .  ( 1 9 8 2 ) ,  M a r t i n e z  (1 9 8 3 )  an d  

P a t t e r s o n  (1983).

The a v e r a g e  w e i g h t s  o r  g a i n s  o f  t w i n s  a n d  t r i p l e t s  a s  a 

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

( t a b l e  32) w ere :  w e ig h t  a t  30 d -  t w i n s  81.0%, t r i p l e t s  75.3%; w e ig h t  

a t  60 d -  79.4% a n d  77.1%; w e a n i n g  w e i g h t  -  79.8% a n d  74.7%; a n d  

p r e w e a n i n g  d a i l y  g a i n  -  75.5% an d  70.5%. U nder  e x p e r i m e n t  s t a t i o n



c o n d i t i o n s  t h e  a v e r a g e  w e i g h t s  o r  g a i n s  o f  t w i n s ,  t r i p l e t s  and  

q u a d r u p l e t s  a s  p e r c e n t a g e  o f  s i n g l e s  w e r e :  w e i g h t  a t  30 d -  tw i ,n s  

83.4%, t r i p l e t s  7 9 .5 $ ,  q u a d r u p l e t s  6 9 .3 $ ;  w e i g h t  a t  60 d -  8 0 .7 $ ,  

8 0 .2 $ ,  a n d  7%.4$; w e a n i n g  w e i g h t  a t  90 d -  8 4 .5 $ ,  83 .5$  a n d  8 1 .2 $ ;  an d  

p re w e a n in g  d a i l y  g a in  75.6$, 73.5$ and 67.4$. With r e s p e c t  t o  w eaning  

w e i g h t  t h e  r e s u l t s  a r e  s i m i l a r  t o  t h e  v a l u e s  r e p o r t e d  by M a r t i n e z  

(1983) t h a t  t r i p l e t s  w e ighed  79$ a s  much a s  s i n g l e s  and t w i n s  w eighed  

86$ a s  much a s  s i n g l e s ,  a n d  P a t t e r s o n  (1 9 8 3 )  who f o u n d  t h a t  t w i n  

w e ig h ts  w e re  81$ th o s e  o f  s in g le s , -  t r i p l e t  72$ and q u a d r u p l e t  64$.

Age o f  dam was n o t  an  i m p o r t a n t  s o u rc e  o f  v a r i a t i o n  f o r  w e ig h t  a t  

3 0 'd ,  a t  60 d, a t  w ean ing  o r  i n  p re w e a n in g  d a i l y  g a in  f o r  sheep  under  

v i l l a g e  c o n d i t i o n s .  However, a t  t h e  e x p e r im e n t  s t a t i o n  th e  e f f e c t  o f  

age o f  dam was an  i m p o r t a n t  s o u rc e  o f  v a r i a t i o n  f o r  w e ig h t  a t  30 d, a t  

60 d an d  p r e w e a n i n g  d a i l y  g a i n ,  b u t  u n i m p o r t a n t  f o r  w e a n i n g  w e i g h t  

(p<.1) a s  shown by t h e  l i n e a r  and q u a d r a t i c  r e g r e s s i o n s  o f  th e  t r a i t s

on age  o f  dam ( t a b l e  30). Under v i l l a g e  c o n d i t i o n s ,  p o s t n a t a l  g row th
- . I

u s u a l l y  i n c r e a s e d  w i th  a d v a n c in g  age  o f  dam up t o  3 y r ,  and a f t e r  t h a t
'  I

p o s t n a t a l  g ro w th  d e c l i n e d  w i t h  i n c r e a s i n g  age o f  dam. The e x c e p t io n  

was i n  w e ig h t  a t  30 d w here  t h e  h i g h e s t  a v e ra g e  lam b w e ig h t  was from  

2 - y r - o l d  dam s ( t a b l e  3 1) . S i m i l a r  c u r v i l i n e a r  p a t t e r n s  w e r e  f o u n d
1

u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  a s  show n i n  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  ( t a b l e  3 1 ) ,  w i t h  t h e  e x c e p t i o n  o f  w e i g h t  a t  60 d w h e re  

t h e  q u a d r a t i c  c o e f f i c i e n t  w as  n o t  s i g n i f i c a n t .  S i m i l a r  c u r v i l i n e a r  

p a t t e r n s  f o r  th e  e f f e c t  o f  age o f  dam w ere  a l s o  found  by B la c k w e l l  and 

H e n d e r s o n  ( 1 9 5 5 ) ,  H o h e n b o k e n  e t  a l .  (1 9 7 6 b )  a n d  M a v r o g e n i s  an d  L o u ca

Tl 5

(1 979). R e s u l t s  o f  t h i s  s tu d y  w ere  s i m i l a r  to  th e  p a t t e r n  r e p o r t e d  by
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P a t t e r s o n  ( 1983) who fo u n d  t h a t  i n  B a rb ad o s  B l a c k b e l ly  ew es l e s s  th a n  

19 mo , T9 -  35 mo a n d  m o re  t h a n  35 mo o f  a g e  w e a n e d  l a m b s  w e i g h i n g  

10.8, 11.8 and 9.9 kg, r e s p e c t i v e l y .  The n o n - s i g n i f i c a n t  e f f e c t  o f  age 

o f  dam u n d e r  v i l l a g e  c o n d i t i o n s  f o r  a l l  p o s t n a t a l  g ro w th ,  and w e ig h t  

a t  w ean in g  u n d e r  s t a t i o n  c o n d i t i o n s ,  s u p p o r t s  t h e  f i n d i n g s  o f  Ray and 

S m i t h  (1 9 6 6 )  a n d  L a m b e r s o n  e t  a l .  ( 1 9 8 2 ) ,  t h a t  a g e  o f  dam 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  w e ig h t  o f  lam b a t  90 d o f  age , and W rig h t  e t  a l .  

( 1 9 7 5 ) ,  who r e p o r t e d  t h a t  a g e  o f  dam w as  a s i g n i f i c a n t  s o u r c e  o f  

v a r i a t i o n  f o r  b i r t h  w e ig h t  o n ly .

Y e a r  a n d  m o n th s  o f  b i r t h  w e r e  s i g n i f i c a n t  s o u r c e s  o f  v a r i a t i o n  

f o r  a l l  p o s t n a t a l  g ro w th  t r a i t s  u n d e r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s ,  

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

s i g n i f i c a n t  f o r  w ean in g  w e ig h t  and p re w e a n in g  d a i l y  g a in .  Month o f  

b i r t h  was a l s o  a  s i g n i f i c a n t  s o u rc e  o f  v a r i a t i o n  f o r  60 d w e ig h t .  Year 

e f f e c t  s u g g e s t s  t h a t  w e a th e r  c o n d i t i o n s  a s  w e l l  a s  m anagem ent a f f e c t s  

t h e  q u a l i t y  an d  q u a n t i t y  o f  f e e d  s u p p l y ,  an d  e i t h e r  d i r e c t l y  o r  

i n d i r e c t l y  a f f e c t s  t h e  f l o c k ’s  g e n e r a l  s t a t e  o f  h e a l t h ,  w h i l e  

d i f f e r e n c e s  among month r e f l e c t  t h e  e f f e c t s  o f  se a so n .  However, month 

by m o n th  m e a n s  a s  sh o w n  i n  a p p e n d i x  t a b l e  67 d i d  n o t  show  a. g e n e r a l  

p a t t e r n .  T h is  means t h a t  s e a s o n  i s  n o t  t h e  o n ly  s o u rc e  o f  v a r i a b i l i t y  

a f f e c t i n g  g ro w th  a s s o c i a t e d  w i t h  month t o  m onth v a r i a t i o n .

Under v i l l a g e  c o n d i t i o n s  l o c a t i o n  x  ty p e  o f  b i r t h  i n t e r a c t i o n  was 

g e n e r a l l y  an i m p o r t a n t  s o u rc e  o f  v a r i a t i o n  f o r  p o s t n a t a l  g ro w th .  This  

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

d e c r e a s i n g  s h a r p l y  a t  GAR, w h i l e  a t  CIB t h e r e  w e r e  o n l y  s m a l l  

d i f f e r e n c e s  be tw e en  l i t t e r  s i z e s .
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The e f f e c t  o f  b i r t h  w e i g h t  on  p o s t n a t a l  g r o w t h  w as  g e n e r a l l y  

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

e f f e c t  o f  b i r t h  w e i g h t  w as  n o t  s i g n i f i c a n t  e i t h e r  u n d e r  v i l l a g e  o r  

s t a t i o n  c o n d i t i o n s  ( t a b l e  3 0 ) .  T h u s ,  t h e  c o r r e l a t i o n  b e t w e e n  b i r t h  

w e ig h t  and p re - w e a n in g  o r  w ean ing  w e ig h t  i s  a p p a r e n t l y  due p r i m a r i l y  

to  th e  p a r t - w h o l e  r e l a t i o n s h i p ,  and n o t  t o  a  c o r r e l a t i o n  b e tw e en  b i r t h  

w e i g h t  and  p r e - w e a n i n g  g r o w t h  r a t e .  R e g r e s s i o n  o f  t r a i t s  on  b i r t h  

w e ig h t  ( t a b l e  30) i n d i c a t e s  t h a t  g e n e r a l l y  b i r t h  w e ig h t  was l i n e a r l y  

r e l a t e d  t o  p o s t n a t a l  g r o w t h .  R e g r e s s i o n  c o e f f i c i e n t s  ( t a b l e  31)  

i n d i c a t e d  t h a t  i n c r e a s i n g  b i r t h  w e ig h t  I kg w i l l  i n c r e a s e  w e ig h t  a t  

60 d a n d  a t  90 d by a p p r o x i m a t e l y  .8 7  a n d  .7 3  k g ,  r e s p e c t i v e l y ,  u n d e r  

v i l l a g e  c o n d i t i o n s .  The c o r r e s p o n d in g  v a lu e  under  s t a t i o n  c o n d i t i o n s  

w e r e  1.15 kg  a n d  1.64 k g ,  r e s p e c t i v e l y .  H o w e v er ,  f o r  w e i g h t  a t  30 d ,  

t h e  r e l a t i o n s h i p  w i t h  b i r t h  w e i g h t  t e n d e d  t o  be c u r v i l i n e a r .  U nder  

v i l l a g e  c o n d i t i o n s  t h e  l i n e a r  a n d  q u a d r a t i c  r e g r e s s i o n  c o e f f i c i e n t s  

w e r e  1.09 k g / k g  a n d  - . 2 2  k g / k g ^ ,  a l t h o u g h  t h e  q u a d r a t i c  t e r m  l a c k e d  

s i g n i f i c a n c e  ( p < .1 ) . F o r  e x p e r i m e n t  s t a t i o n  d a t a  t h e  c o r r e s p o n d i n g  

l i n e a r  an d  q u a d r a t i c  r e g r e s s i o n  c o e f f i c i e n t s  w e r e  .82  a n d  .3 5 ,  

r e s p e c t i v e l y ,  an d  b o t h  w e r e  h i g h l y  s i g n i f i c a n t  ( p < .0 I ) .  T h i s  m ean s  

t h a t  a s  b i r t h  w e ig h t  i n c r e a s e s ,  th e  30 d w e ig h t  t e n d s  t o  i n c r e a s e  a t  

a n  i n c r e a s i n g  r a t e .  I n  g e n e r a l ,  t h i s  s t u d y  was c o n s i s t e n t  w i t h  t h e  

f i n d i n g s  o f  d e B a c a  e t  a l .  ( 19 5 6 ) ,  H a r r i n g t o n  e t  a l .  ( 19 5 8 ) ,  G je d re m  

( 1967) a n d  F a r i d  a n d  M a c h a r a c h i a n  (1 9 7 8 )  who r e p o r t e d  t h a t  t h e  

r e g r e s s i o n  o f  p o s t n a t a l  g ro w th  on b i r t h  w e ig h t  was h i g h l y  s i g n i f i c a n t .  

The l a s t  a u t h o r s  a l s o  i n d i c a t e d  t h a t  t h e  r e g r e s s i o n  o f  p r e w e a n i n g  

d a i l y  g a in  on b i r t h  w e ig h t  was n o t  s i g n i f i c a n t .
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R e s id u a l  c o r r e l a t i o n s  among b i r t h  w e ig h t ,  w e ig h t  a t  30 d , w e ig h t  

a t  60 d ,  w e a n i n g  w e i g h t  a n d  p r e w e a n i n g  d a i l y  g a i n  a r e  p r e s e n t e d  i n  

t a b l e  3 2 ,  a n d  m o s t  d i f f e r  f ro m  z e r o .  I n  b o t h  v i l l a g e  an d  e x p e r i m e n t  

s t a t i o n  c o n d i t i o n s ,  th e  c o r r e l a t i o n  b e tw e e n  two a d j a c e n t  w e i g h t s  was 

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

p o s t n a t a l  w e ig h t  and w e a n in g  w e ig h t ,  b u t  th e  l o w e s t  c o r r e l a t i o n  w i t h  

b i r t h  w e ig h t .  R e s id u a l  c o r r e l a t i o n s  from  t h i s  s tu d y  w ere  s i m i l a r  to  

t h o s e  r e p o r t e d  by G je d re m  (1 9 6 7 )  i n  a  s t u d y  on  N o r w e g ia n  s h e e p ,  who 

fou n d  t h e  c o r r e l a t i o n  b e tw e en  b i r t h  w e ig h t  and s u b s e q u e n t  w e ig h t s  to  

w e a n i n g  r a n g e d  f r o m  .29  t o  .9 0 .  M a v r o g e n i s  e t  a l .  (1 9 8 0 )  f o u n d  t h e  

c o r r e l a t i o n s  b e t w e e n  b i r t h  w e i g h t  a n d  w e i g h t  a t  5 ,  10 ,  a n d  15 wk 

r a n g e d  f r o m  .38  t o  .8 8 ,  a n d  t h e  c o r r e l a t i o n s  b e t w e e n  a v e r a g e  d a i l y  

g a i n  and t h o s e  c o r r e s p o n d in g  w e i g h t s  r a n g e d  from  .18 t o  .92  w i th  th e  

l o w e s t  b e t w e e n  b i r t h  w e i g h t  a n d  a v e r a g e  d a i l y  g a i n  f r o m  b i r t h  t o  

w e a n i n g .  A lo w  c o r r e l a t i o n  b e t w e e n  b i r t h  w e i g h t  a n d  w e a n i n g  g a i n  

( r  = .1 3 ) ,  an d  a h i g h  c o r r e l a t i o n  b e t w e e n  w e a n i n g  g a i n  a n d  w e a n in g  

w e ig h t  ( r  = .84) w ere  r e p o r t e d  by A lra w i  e t  a l . (1 9 8 2 ) .

P o s tw e a n in g  g ro w th .  L e a s t  s q u a r e s  a n a l y s e s  o f  v a r i a n c e  ( t a b l e  33) 

show t h a t  u n d e r  v i l l a g e  c o n d i t i o n s  l o c a t i o n  was an  i m p o r t a n t  s o u rc e  o f  

v a r i a t i o n  f o r  w e ig h t  a t  120 d ,  150 d , and 180 d and p o s tw e a n in g  d a i l y  

g a i n  f ro m  w e a n i n g  a t  90 t o  I 80 d o f  a g e .  B r e e d  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  w e ig h t  a t  120 d a t  th e  e x p e r im e n t  s t a t i o n . .  Sheep a t  GAR had th e  

h e a v i e s t  w e i g h t  a n d  m ade  f a s t e r  g a i n s  f o l l o w e d  by CIB a n d  CIR u n d e r  

v i l l a g e  c o n d i t i o n s ,  and JTT was h e a v i e r  t h a n  FT ( t a b l e  34).
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TABLE 32 . RESIDUAL CORRELATIONS AMONG BIRTH WEIGHT (BW), WEIGHT 
AT 30 D (W30), WEIGHT AT 60 D (W60), WEANING WEIGHT AT 90 D (WWT) AND 
PREWEANING DAILY GAIN (PREWG) UNDER VILLAGE AND EXPERIMENT STATION

CONDITIONS

( I ) (2 ) (3) (4)

V i l l a g e  ( N :: 2811)
( I ) BW

(2) W30 .44**

(3) W60 .29*« .87**

(4 ) WWT .21** .75*« .91*«

(5 ) PREWG - . 0 4 .65** .86** .97**

E xnerim en t  s t a t i o n  (N = 187)

( I ) BW

(2) W30 .3 9 ”

(3) W60 .36** .86**

(4 ) WWT .3 7 ” .78** .88**

(5 ) PREWG .16* .74** .85** .98**

** ( p < .0 1 ) ,  * ( p < .0 5 ) .

Sex  e f f e c t  on p o s t w e a n i n g  g r o w t h  w as i m p o r t a n t  ( t a b l e  33) and  

l e a s t  s q u a r e s  m e a n s  ( t a b l e  34)  i n d i c a t e d  t h a t  ram  l a m b s  w e re  

c o n s i s t e n t l y  h e a v ie r  and grew f a s t e r  th a n  ewe lam bs. In  t h i s  s tu d y  ram 

l a m b s  w e r e  1 0 .8 $ ,  9 .3$» 19.7$ h e a v i e r  an d  g re w  60 .3$  f a s t e r  t h a n  ewe 

l a m b s  f o r  w e i g h t  a t  120 d ,  150 d ,  180 d and  p o s t w e a n i n g  g a i n ,  

r e s p e c t i v e l y ,  unde r  v i l l a g e  c o n d i t i o n s .  C o r r e s p o n d i n g  r e s u l t s  u n d e r  

s t a t i o n  c o n d i t i o n s  w e r e  8 .9 $ ,  1 1 .1 $ ,  1 4 .7 $ ,  and  2 2 .6 $ ,  r e s p e c t i v e l y .

The e f f e c t  o f sex  on p ostw ean in g  growth was rep orted  by Bhadula and
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B h a t  ( 1 9 8 0 ) ,  A l r a w i  e t  a l l  ( 1982) t o  be a n  i m p o r t a n t  s o u r c e  o f  

v a r i a t i o n  a s  w e l l .

T y p e  p f  b i r t h  w a s  a n  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  f o r  

p o s t w e a n i n g  w e i g h t ,  b u t  h a d  no e f f e c t  on p o s t w e a n i n g  g r o w t h  e i t h e r  

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

w i t h  t h e  f i n d i n g s  o f  M a v r o g e n i s  a n d  L o u c a  (1 9 7 9 )  who r e p o r t e d  t h a t  

s i n g l e  l a m b s  w e r e  h e a v i e r  t h a n  t h o s e  f r o m  m u l t i p l e  b i r t h s ,  b u t  no 

d i f f e r e n c e s  w e re  fou n d  i n  g ro w th  r a t e  a f t e r  w ean ing . S i m i l a r  r e s u l t s  

w e re  ,a lso  found  by M a r t in e z  (1983) who r e p o r t e d  t h a t  ty p e  o f  b i r t h  had 

no e f f e c t  on a v e ra g e  d a i l y  g a in  f rom  w e a n in g  a t  90 d t o  180 d o f  age.

W eigh ts  o f  t w i n s  and t r i p l e t s  a s  a  p e r c e n ta g e  o f  s i n g l e s  found  i n  

t h i s  s tu d y  ( t a b l e  34) u n d e r  v i l l a g e  c o n d i t i o n s  w ere :  w e ig h t  a t  120 d 

-  t w i n s  80.4%, t r i p l e t s  75.3%; w e ig h t  a t  150 d -  t w i n s  79.5%, t r i p l e t s  

78.8%, a n d  w e i g h t  a t  180 d -  t w i n s  85.19%, t r i p l e t s  85%. H o w e v er ,  

u n d e r  s t a t i o n  c o n d i t i o n s  t h e  a v e ra g e  w e i g h t s  o f  t w i n s ,  t r i p l e t s ,  g.nd 

q u a d r u p l e t s  a s  p e r c e n ta g e  o f  s i n g l e s  w e re :  f o r  w e ig h t  a t  120 d tw in s  

85.8%, t r i p l e t s  84.3% a n d  q u a d r u p l e t s  83.3%; f o r  w e i g h t  a t  150 d 

88.4%, 84.5% a n d  87 . 8%; a n d  f o r  w e i g h t  a t  180 d 88.4%, 80.9% an d  

88.5%. A f t e r  w ean ing , s p e c i f i c a l l y  a f t e r  120 d o f  age , q u a d r u p l e t - b o r n  

lam bs  grow a s  f a s t  o r  f a s t e r  th a n  o t h e r  lam b s .

The a n a l y s i s  o f  v a r i a n c e  ( t a b l e  33) show s t h a t  y e a r  and month o f  

b i r t h  c o n s i s t e n t l y  a f f e c t e d  p o s tw e a n in g  g ro w th  u n d e r  e x p e r im e n t  s t a ­

t i o n  c o n d i t i o n s ,  b u t  u n d e r  v i l l a g e  c o n d i t i o n s  y e a r  and month w ere  l e s s  

i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n .  Under v i l l a g e  c o n d i t i o n s  y e a r  o f  b i r t h  

w a s  an  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  o n l y  f o r  w e i g h t  a t  150 d ,  en d  

m o n th  Of b i r t h  w a s  a n  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  f o r  w e i g h t  a t
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120 d a n d  150 d . L e a s t  s q u a r e s  m e a n s  a c c o r d i n g  t o  y e a r  a n d  m o n th  o f  

b i r t h  f o r  p o s t w e a n i n g  g r o w t h  ( a p p e n d i x  t a b l e  68)  i n d i c a t e  t h a t  t h e  

e f f e c t  o f  y e a r  and month o f  b i r t h  i n  p o s tw e a n in g  g ro w th  i s  s i m i l a r  to  

th e  e f f e c t  on p re w e a n in g  g ro w th  and b i r t h  w e ig h t .  T h is  s u g g e s t s  t h a t  

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

a f t e r  w ean ing . T h is  r e s u l t  s u p p o r t s  t h e  f i n d i n g s  o f  M a lik  and Acharya 

(1 9 7 2 b )  a n d  Khan a n d  B h a t  ( 1 9 8 1 ) ,  who f o u n d  t h a t  s e a s o n  o f  b i r t h  h a d  

s i m i l a r  e f f e c t s  on p o s tw e a n in g  g ro w th  a s  on p re w e a n in g  g ro w th .

Age o f ,d a m  e f f e c t s  on  p o s t w e a n i n g  g r o w t h  w e r e  n o t  s i g n i f i c a n t  

e i t h e r  u n d e r  v i l l a g e  o r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  ( t a b l e  3 3 ) .  

A p p a re n t ly  a f t e r  w ean ing , lam b g ro w th  r e s p o n s e  q u i c k l y  becom es i n d e ­

p en d en t  o f  e a r l i e r  m a te r n a l  e f f e c t s .  T h is  r e s u l t  i s  i n  a g re e m e n t  w i t h  

t h e  f i n d i n g s  o f  C h o p ra  a n d  A c h a r y a  ( 1 9 7 1 b ) ,  B h a d u l a  a n d  B h a t  

( 1 9 8 0 ,1 9 8 1 ) ,  a n d  A l r a w i  e t  a l .  (1 9 8 2 )  who f o u n d  t h a t  a g e  o f  dam 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  p o s t w e a n i n g  g r o w t h  r a t e  an d  p o s t w e a n i n g  

w e ig h t .

The r e g r e s s i o n  o f  p o s t w e a n i n g  t r a i t s  on b i r t h  w e ig h t  i n d i c a t e d  

t h a t  b i r t h  w e ig h t  s i g n i f i c a n t l y  i n f l u e n c e d  p o s tw e a n in g  w e ig h t  a t  120 

d , 150 d a n d  180 d u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s ,  b u t  h a d  no 

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

w e i g h t  h a d  no e f f e c t  e i t h e r  on p o s t w e a n i n g  w e i g h t  o r  p o s t w e a n i n g  

a v e ra g e  d a i l y  g a in .  R e g r e s s io n  c o e f f i c i e n t s  o f  p o s tw e a n in g  w e ig h t  on 

b i r t h  w e ig h t  ( t a b l e  34) u n d e r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s  i n d i c a t e d  

t h a t  by i n c r e a s i n g  b i r t h  w e ig h t  I kg , w e ig h t  a t  120 d ,  150 d and 180 d 

i s  e x p e c t e d  t o  b e  i n c r e a s e d  a b o u t  1 . 9 3 ,  2 . 2 9 ,  a n d  2 .1 1  k g ,

r e s p e c t i v e l y .



TABLE 3 3 .  ANALYSIS OF VARIANCE OF WEIGHT AT 120 D (W 120), WEIGHT AT 150 D (W 150), WEIGHT AT 180 D (W180)
AND PCSTWEANING GROWTH FROM WEANING AT 90 D TO 180 D (POSTWG) UNDER VILLAGE AND EXPERIMENT STATION

CONDITIONS

W120 (ksc) WISO fkc) Wl80 fke) POSTWG fir I
Source of variation df Mean squares df Mean squares df Mean squares df Mean squares

VlIlagp
Location (L) 2 4 7 .8 3 " 2 57.68” 2 57.44” 2 1,667.80»
Sex I 58.45” I 46.18* I 90.14** I 5 ,558.48”
Type of b i r t h 2 106.28” 2 134.44«* 2 62.20” 2 318.90
Year 2 17.36+ 2 29.91* 2 23.85+ 2 1,126.15+
Month 11 13.21* 11 24.01” 11 18.60+ 11 762.70+
Age of dam 3 2.21 3 4.11 3 3.99 3 99.79
L x Sex n .s . n . s . n . s . 2 1,626.62«
Sex x Year n .s . n .s . 2 44.31* 2 2,593.25”
Regressions
B ir th  weight l i n e a r I 24.00+ n .s . n . s . n . s .
B ir th  weight q u ad ra t ic I n . s . n . s . n . s . n . s .
Residual 228 6.58 183 8.20 133 10.06 131 448.07

Experiment s t a t io n
Breed I 11.91 ... • • •
Sex I 33.76” i 52.56«* I 109.34” I 3 ,022 .95”
Type o f  b i r th 3 17.82* 3 15.73* 3 27.25** 3 197.40
Year 2 168.69” 2 241.14” 2 334.33** 2 11,634.64”
Month 11 31.13” 11 43.94*« 11 43.73** 11 832.56*
Sex x Year n .s . n . s . n . s . 2 1,493.89«
Regressions
B ir th  weight l i n e a r I 109.94” I 120.79** I 89.64” n .s .
B ir th  weight q u a d ra t ic n .s . n . s . n . s . n . s .
Age of dam l in e a r n .s . n .s . n . s . n . s .
Age of dam q u a d ra t ic n .s . n . s . n . s . n . s .
Residual 153 4.83 112 5.39 97 5.96 96 349.05

•« (p<.01), •  (p< .05), + (p< .1 ) .
n . s .  Non s i g n i f i c a n t  a t  p relim inary  a n a ly s i s  (p> .1 ) ,  hence d e le ted  from the  model
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TABLE SM. LEAST SQUARES MEANS AND STANDARD ERRORS OF WEIGHT AT 120 D (W 120), WEIGHT AT 150 D (W 150), WEIGHT
AT 180 D (W 180), AND POSTWEANING DAILY GAIN FROM WEANING AT 90 D TO 180 D OF AGE (POSTWG) FOR SOME MAIN

EFFECTS AND COVARIATE UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

V ariab les No. W120 (kg) No. Wl50 (kg) No. Wl80 (kg) POSTWG (g )a

U 251 9.97 ± .38 205
V il lage  
11.42 + .48 157 13.13 ± .67 54.3 ± 4.47

Location
GAR 62 11.25 ± .50 41 13.07 ± .69 16 15.41 ± I .11

CM

ZTVO ± 7 .5 3
CIB 161» 9.71 ±  .31 144 11.19 ± .38 123 12.57 ± .49 52.3 ± 3.30
CIR 25 8.96 ± .65 20 9.99 ±  .80 18 11.42 ± .97 46.2 ± 6.51

Sex
Female 131 9.46 ± -41 110 10.91 ±  .51 85 11.95 + .74 41.7 ± 5.29
Male 120 10.48 ±  -41 95 11.92 ± .54 72 14.31 ± .81 66.8 ± 6.12

Type of b i r th
I 102 11.70 ± .39 85 13.26 ± .50 70 14.58 ± .68 53.6 ± 4.61
2 128 9.41 ± -39 103 10.54 ±  .49 75 12.42 ± .69 50.7 ± 4.62
3 21 8.81 ± .71 17 10.45 ±  .86 12 12.39 ±  I .16 58.5 ± 7.72

Age of dam
I 38 9.99 ± .59 28 10.97 ± .73 21 13.35 ± I .05 57.6 ± 7.08
2 129 10.03 ±  .41 108 11.45 ±  .52 74 12.79 ± .73 54.5 ±  4.94
3 51 10.24 ± .51 42 11.90 ±  .65 37 13.50 + .82 52.6 ± 5.51
4 33 9.63 ±  .54 27 11.35 ± .69 25 12.89 ± .84 52.4 ± 5.65

Regression 
t r a i t s  on 
b i r t h  weight
l i n e a r  (kg/kg) .60

O
J

o
n+4 • e • • • •



TABLE 34. (CONTINUED)

V ariab les No. W120 (kg) No. Wl50 (kg) No. Wl80 (kg) POSlWG (g)a

EXP§r2ffl¥nt s t a t i o n
U
Breed

173

COh-O

± .40 131 12.82 ± .27 116 14.79 ± .30 53.8 ± 2.24

JTT 149 11.30 ± .24 • e •
FT 24 10.26 ± .70 • • •

Sex
Female 93 10.32 + .44 71 12.14 ±  .34 61 13.78 + .37 48.3 ± 2.71
Male

Type of b i r t h
80 11.24 ± .44 60 13.49 ±  .36 55 15.80 + .40 59.3 + 3.10

I 53 12.20 ±  .51 40 14.22 ± .55 35 16.53 ±  .60 55.9 ±  3.54
2 68 10.47 + .44 49 12.55 ± .39 44 14.62 ± .44 53.4 ± 3.18
3 33 10.29 ±  .56 25 12.02 ± .52 21 13.37 ± .60 49.0 ± 4.66
4 19 10.16 ± .76 17 12.48 ± .78 16 14.63 ± .89 56.9 ± 5.76

Regression 
t r a i t s  on
b i r th  weight 
l i n e a r  (kg/kg) 1.93 1+ Xr O 2 .29 + .48 2.11 ± .54 • • •

No. obse rva t ions  equal to  W180
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R e s id u a l  c o r r e l a t i o n s  among b i r t h  w e ig h t ,  w ean ing  w e ig h t ,  w e ig h t  

a t  120 d ,  150 d ,  180 d a n d  p o s t w e a n i n g  d a i l y  g a i n  a r e  t a b u l a t e d  i n  

t a b l e  35. The c o r r e l a t i o n s  be tw e en  a d j a c e n t  w e ig h t s  w e re  h ig h .  B i r t h  

w e ig h t  w as lo w ly  c o r r e l a t e d  w i th  p o s tw e a n in g  g a in .  P o s tw e a n in g  g a in  

w as  m o re  h i g h l y  c o r r e l a t e d  w i t h  w e i g h t  a t  180 d t h a n  w e i g h t  a t  

w ean ing . There  w ere  v e ry  low  c o r r e l a t i o n s  be tw e en  b i r t h  w e ig h t  and 

w ean ing  w e ig h t  and p o s tw e a n in g  w e ig h t  u n d e r  v i l l a g e  c o n d i t i o n s ,  and 

m o d e r a t e  c o r r e l a t i o n s  u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s .  T h i s  

s u p p o r t s  t h e  p r e v io u s  a n a l y s i s ,  t h a t  showed t h e  r e g r e s s i o n s  o f  t r a i t s  

on  b i r t h  w e i g h t  w e r e  h i g h l y  s i g n i f i c a n t  u n d e r  e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s ,  b u t  n o t  s i g n i f i c a n t  u n d e r  v i l l a g e  c o n d i t i o n s .  R e s i d u a l  

c o r r e l a t i o n s  fo u n d  i n  t h i s  s tu d y  w ere  s i m i l a r  to  th o s e  r e p o r t e d  f rom  

o t h e r  s t u d i e s .  Khan a n d  B h a t  (1 9 8 1 )  f o u n d  lo w  c o r r e l a t i o n s  b e tw e e n  

b i r t h  w e ig h t  and w ean in g  w e i g h t ,  6 mo w e ig h t ,  s l a u g h t e r  w e ig h t ,  and 

g r o w t h  r a t e  t o  s l a u g h t e r  ( . 1 6 ,  .0 2 ,  .03  an d  .0 5 ,  r e s p e c t i v e l y ) .  

M avrogen is  e t  a l .  (1980) r e p o r t e d  t h a t  t h e  c o r r e l a t i o n  b e tw e e n  a v e ra g e  

d a i l y  g a i n  from  w ean ing  t o  20 wk and b i r t h  w e ig h t  and w e a n in g  w e ig h t  

w e re  q u i t e  low  ( b e in g  r e s p e c t i v e l y ,  .15 and  .16 ) ,  b u t  w e re  q u i t e  h ig h  

b e tw e e n  body w e ig h t  a t  20 wk and a v e ra g e  d a i l y  , g a i n  f ro m  w ean ing  to  

20 wk ( .83). They a l s o  fo u n d  m o d e ra te  c o r r e l a t i o n  be tw een  b i r t h  w e ig h t  

a n d  w e i g h t  a t  20 wk ( r  = .3 6 ) .
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TABLE 35 . RESIDUAL CORRELATIONS AMONG BIRTH WEIGHT (BW), WEANING 
WEIGHT AT 90 D (WWT), WEIGHT AT 120 D (W120), WEIGHT AT 150 D (W150), 
WEIGHT AT 180 D (W180), AND POSTWEANING DAILY GAIN (POSTOG) UNDER 

VILLAGE AND EXPERIMENT STATION CONDITIONS

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

V i l l a e e  f N= 15 7 1

( I )  BW

(2 )  WWT .19**

(3 )  W120 .09 .93**

(4 )  W150 .06 .88** .96**

(5 )  Wl80 .07 .83** .88** .94**

(6) POSTOG - .0 7 4 .36»* .53** .67** .82**

E xoer im en t s t a t i o n  (N= 1161&

( I )  BW

(2 )  WWT .39

(3) W120 .37«« .91*«

(4) W150 .39** .84** .93**

(5 )  Wl80 .37** .75«* .81*« .91**

(6 )  POSTOG .0 9 - . 0 7 .13 .36*« .61

a Only JTT 
*« ( P < .0 1 ) ,

d a t a  were 
•  (p < .0 5 )

a n a ly z e d .
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N in e__ mo n t h  an d  y e a r l i n g __ we i g h t .  L e a s t  s q u a r e s  a n a l y s i s  o f

v a r i a n c e  ( t a b l e  36) i n d i c a t e d  t h a t  l o c a t i o n  a f f e c t e d  w e ig h t  a t  270 d 

and y e a r l i n g  w e ig h t .  Sheep from  CIB w ere  h e a v i e r  th a n  th o s e  from  CIR. 

Sex was an i m p o r t a n t  s o u rc e  o f  v a r i a t i o n  f o r  w e ig h t  a t  270 d bo th  i n  

t h e  v i l l a g e s  and a t  t h e  e x p e r im e n t  s t a t i o n ;  how ever ,  a t  y e a r l i n g  age 

t h e  e f f e c t  o f  s e x  w as  o n l y  i m p o r t a n t  u n d e r  e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s .  L e a s t  s q u a r e s  m ea n s  ( t a b l e  37)  i n d i c a t e d  t h a t  ram  l a m b s  

w ere  c o n s i s t e n t l y  h e a v i e r  th a n  ewe lam bs . Under v i l l a g e  c o n d i t i o n s ,  a t  

270  d and  y e a r l i n g ,  ram  l a m b s  w e r e  1 5 .2I j  an d  11.4% h e a v i e r  t h a n  ewe 

l a m b s ,  an d  u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s ,  ram  l a m b s  a t  t h e  

c o r r e s p o n d in g  a g e s  w ere  24.8% and 25.6% h e a v ie r  th a n  ewe lam bs.

S i g n i f i c a n t  e f f e c t  o f  sex  on 270 d w e ig h t  was r e p o r t e d  by M alik  

a n d  A c h a r y a  ( 1 9 7 2 b )  a n d  B h a d u l a  a n d  B h a t  ( 19 8 0 ) .  H o w e v e r ,  

N a r a y a n a s w a m i  e t  a l .  (1 9 7 5 )  f o u n d  t h a t  t h e  s e x  e f f e c t  d i d  n o t  

s i g n i f i c a n t l y  i n f l u e n c e  w e i g h t  a t  9 mo. E f f e c t  o f  s e x  on  y e a r l i n g  

w e i g h t  w as  r e p o r t e d  by M a l i k  a n d  A c h a ry a  ( 19 7 2 b ) ,  D a ss  a n d  A c h a ry a  

( 1970) an d  C h o p ra  and  A c h a r y a  ( 1 9 7 1 b ) .  H o w e v er ,  A bde l  A z i s  e t  a l .  

(1 9 7 8 )  f o u n d  no d i f f e r e n c e s  b e t w e e n  ram  l a m b s  a n d  ew e l a m b s  a t  

y e a r l i n g  age .

Type o f  b i r t h  had a  s i g n i f i c a n t  e f f e c t  on w e ig h t  a t  270 d i n  bo th  

th e  v i l l a g e s  and e x p e r im e n t  s t a t i o n ;  ho w ev er ,  f o r  y e a r l i n g  w e ig h t  th e  

ty p e  o f  b i r t h  e f f e c t  was o n ly  s i g n i f i c a n t  unde r  v i l l a g e  c o n d i t i o n s .

L e a s t  s q u a r e s  m ea n s  f o r  t y p e  o f  b i r t h  ( t a b l e  37 )  sh o w ed  t h a t  

l a m b s  b o r n  i n  l a r g e r  l i t t e r s  a r e  u s u a l l y  l i g h t e r  t h a n  s i n g l e - b o r n  

lam b s  a t  270 d and y e a r l i n g  age. Under e x p e r im e n t  s t a t i o n  c o n d i t i o n s ,
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t h e  a v e ra g e  w e ig h t  o f  t w i n s ,  t r i p l e t s  and q u a d r u p l e t s  a s  p e rc e n ta g e  o f  

s i n g l e s  w e re ,  r e s p e c t i v e l y :  f o r  270 d w e ig h t  -  t w i n s  84.4$, t r i p l e t s  

84$ and  q u a d r u p l e t s  8 3 .1 $ ;  f o r  y e a r l i n g  w e i g h t  -  9 1 .4 $ ,  8 4 .5 $ ,  and  

83.5$. However, unde r  v i l l a g e  c o n d i t i o n s  th e  a v e ra g e  w e ig h t  o f  tw in s  

and  t r i p l e t s  a s  p e r c e n t a g e  o f  s i n g l e s  a t  270  d w e r e  80 .6$  an d  6 9 .2 $ ,  

r e s p e c t i v e l y .  For y e a r l i n g  w e i g h t  m u l t i p l e - b o r n  l a m b s  w e r e  69 .7$  o f  

t h e  a v e r a g e  w e i g h t  o f  s i n g l e s .  Karam (1 9 5 9 )  and  A l r a w i  e t  a l .  (1 9 8 2 )  

found  s m a l l  d i f f e r e n c e s  be tw e en  s i n g l e s  and t w in s  a t  I y r  o f  age ,  b u t  

t h e  d i f f e r e n c e s  w e r e  s i g n i f i c a n t .  H o w e v er ,  A bdel A z i s  e t  a l .  (1 9 7 8 )  

found  t h a t  ty p e  o f  b i r t h  d id  n o t  s i g n i f i c a n t l y  a f f e c t  y e a r l i n g  w e ig h t .

Age o f  dam 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  w e i g h t  a t  270  d and  

y e a r l i n g  w e i g h t .  T h u s ,  a t  t h e s e  a g e s  l a m b  g r o w t h  a p p e a r s  t o  be 

i n d e p e n d e n t  o f  m a t e r n a l  i n f l u e n c e  w h ic h  h a s  g r a d u a l l y  b e e n  r e d u c e d  

w i th  a d v a n c in g  age o f  th e  lamb.

U nder  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  y e a r  o f  b i r t h  e f f e c t s  w ere  

o n l y  i m p o r t a n t  a t  270  d ,  a n d  m o n th  o f  b i r t h  w as  i m p o r t a n t  o n l y  i n  

y e a r l i n g  w e i g h t .  U nder  v i l l a g e  c o n d i t i o n  y e a r s  an d  m o n th s  o f  b i r t h  

w e r e  n o t  s i g n i f i c a n t  s o u r c e s  o f  v a r i a t i o n .  H o w e v e r ,  l e a s t  s q u a r e s  

means f o r  y e a r s  and m on ths  i n d i c a t e d  some f l u c t u a t i o n ,  b u t  no s p e c i f i c  

p a t t e r n  w as  f o u n d  ( a p p e n d i x  t a b l e  6 9 ) .  T h i s  s u g g e s t s  t h a t  t h e  

v a r i a t i o n  was n o t  o n ly  due t o  d i f f e r e n c e s  i n  s e a s o n  from  y e a r  to  y e a r  

o r  month to  m onth , b u t  a l s o  o t h e r  v a r i a b l e s  such  as  s u p p le m e n ta ry  f e e d  

and change i n  management c o u ld  ca u se  f l u c t u a t i o n  i n  w e ig h t  when th e  

a n im a ls  r e a c h e d  270 d o f  age  o r  y e a r l i n g  age  a t  d i f f e r e n t  t im e s  d u r in g

t h e  y e a r



TABLE 36. ANALYSIS OF VARIANCE FOR WEIGHT AT 270 D (W2?0) AND YEARLING WEIGHT (YWT) UNDER VILLAGE AND
EXPERIMENT STATION CONDITIONS

Village Exoerlment gtatiPfl
W270 (kc) YWT (ke) W270 (ke) YWT (kg)

Source of variation df Mean squares df Mean squares df Mean squares df Mean squares

Location I 97.17” I 117.37««
Sex I 51.05« I 14.52 I 259.14«* I 240.60”
Type of b i r t h 2 52.16« I 120.67«* 3 41.13« 3 32.13
Year 2 31.39+ • • • 2 152.37*« 2 10.65
Month 11 11.11 11 11.58 11 20.31 10 49.15«»
Age o f  dam 3 4.72 3 .92 e • • • • •
Regressions
Age of dam l in e a r • • • n .s . n .s .
Age of dam q u a d ra t ic • • e n .s . n .s .
B ir th  weight l i n e a r n .s . n . s . n . s . n .s .
B ir th  weight q u a d ra t ic n .s . n . s . n . s . n .s .
Residual 56 12.09 23 13.40 56 12.17 37 16.46

• •  (pC.01), •  (p< .05), + (p< .1 ) .
n . s .  Non s ig n i f i c a n t  i n  the  p re lim inary  a n a ly s i s  (p > .I ) , hence d e le ted  from the model.



TABLE 37. LEAST SQUARES MEAUS AND STANDARD ERRORS OF WEIGHT AT 270 D (W270) AND YEARLING WEIGHT (YWT) 
FOR SOME MAIN EFFECTS UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

V ariab les
Vil 1*% Experiment s t a t io n

No. W270 (kg) No. YWT (kg) No. W270 (kg) No. YWT (kg)

U 77 13.02 ± 1.38 41 14.96 ± 1.06 74 20.05 ± .60 54 25.69 ± 1.17
Location

CIB 63 14.84 + 1.34 32 18.32 ±  1.03
CIR 14 11.20 ± 1.68 9 11.61 ± 1.94

Sex
Female 42 12.09 ±  1.36 22 14.16 ± 1.19 37 17.84 ±  .68 23 22.77 ±  1.29
Male 35 13.95 ± 1.53 19 15.77 ± 1.41 37 22.26 ±  .84 31 28.61 ± 1.49

Type of b i r t h
I 36 15.64 ±  1.22 20 17.64 ± 1.30 15 22.82 + 1.12 12 28.59 ± 1.68
2 38 12.60 + 1.12 21 12.29 ± 1.47 31 19.26 + .83 24 26.14 ± 1.24
3 3 10.82 ±  3.62 •  •  • 13 19.16 ± 1.14 7 24.16 ±  2.04
4 •  •  • 15 18.96 ± 1.25 11 23.86 ± 1.92

Age of dam
I 15 12.76 ± 1.63 7 15.06 ± 1.83
2 33 12.38 ± 1.56 17 14.75 + 1.43
3 17 13.08 ± 1.63 12 15.43 ±  1.40
4 12 13.86 ± 1.66 5 14.62 + 2.25
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R e s i d u a l  c o r r e l a t i o n  am ong  y e a r l i n g  w e i g h t ,  w e i g h t  a t \ 2 7 0  d ,  

w e ig h t  a t  180 d , w ean ing  w e ig h t  a t  90 d and b i r t h  w e ig h t  a r e  shown i n  

t a b l e  3 8. U n d e r  v i l l a g e  c o n d i t i o n s  t h e  c o r r e l a t i o n  r a n g e d  f ro m  .2(5 

t o  .9 2 ,  w h i l e  u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  t h e  c o r r e l a t i o n  

r a n g e d  f r o m  .21 t o  .8 7 .  G e n e r a l l y  a d j a c e n t  w e i g h t s  h a d  a h i g h  d e g r e e  

o f  a s s o c i a t i o n .  The r e s i d u a l  c o r r e l a t i o n s  fo u n d  i n  t h i s  s tu d y  w ere  i n  

t h e  r a n g e  o f  p r e v io u s  s t u d i e s .  Karam (1959) r e p o r t e d  t h a t  p h e n o ty p ic  

c o r r e l a t i o n  among b i r t h  w e i g h t ,  w e a n i n g  w e i g h t  a n d  y e a r l i n g  w e i g h t  

r a n g e d  from  .21 to  .32 . S h e l to n  (1964a), b a sed  on a  s im p l e  c o r r e l a t i o n  

a n a l y s i s ,  fo u n d  h i g h ly  s i g n i f i c a n t  c o r r e l a t i o n s  be tw een  b i r t h  w e ig h t ,  

r a t e  o f  g a i n  t o  120 d an d  y e a r l i n g  w e i g h t ;  t h e  c o r r e l a t i o n  r a n g e d  

f r o m  .48  t o  . 98. R agab  e t  a l .  ( 1953) r e p o r t e d  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 s  b e t w e e n  b i r t h  w e i g h t ,  w e a n in g  w e i g h t  a n d  m a r k e t i n g  

w e i g h t .  The c o r r e l a t i o n  r a n g e d  f r o m  .48  t o  .8 6 ,  w i t h  t h e  l o w e s t  

b e tw e e n  b i r t h  w e ig h t  and m a r k e t in g  w e ig h t .

G ro wt h __c u r v e s .  E q u a t i o n s  f o r  g r o w t h  c u r v e s  w e r e  d e r i v e d  f ro m

g r o u p  m ean  w e i g h t s  a n d  a g e s  f o r  JTT a n d  FT s h e e p  u n d e r  s t a t i o n  

c o n d i t i o n s  a n d  f o r  JTT u n d e r  v i l l a g e  c o n d i t i o n s .  The d a t a  w e r e  

t r a n s f o r m e d  t o  n a t u r a l  l o g a r i t h m s  and t h e  l i n e a r  r e g r e s s i o n s  o f  I n  W 

( w e i g h t )  on  I n  A ( a g e )  w e r e  c o m p u te d .  T h e se  e q u a t i o n s  w e r e  t h e n  

t r a n s f o r m e d  back  t o  a c t u a l  w e ig h t  and age  t o  p ro v id e  e q u a t i o n s  o f  t h e  

fo rm  W = a A*3.

The l i n e a r  r e g r e s s i o n  and t r a n s f o r m e d  e q u a t io n s  a r e  p r e s e n t e d  i n  

t a b l e  39 . The R^ i n d i c a t e d  t h a t  a f t e r  c o n v e r t i n g  t h e  d a t a  t o  n a t u r a l  

l o g a r i t h m s  95.7%, 95.7% an d  94.8% o f  t h e  t o t a l  v a r i a t i o n  o f  m ean 

w e i g h t  w as  e x p l a i n e d  by t h e  r e g r e s s i o n  on a g e  f o r  JTT a n d  FT u n d e r
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e x p e r im e n t  s t a t i o n ,  and JTT u n d e r  v i l l a g e  c o n d i t i o n s ,  r e s p e c t i v e l y .  I t  

s h o u l d  be n o t e d  t h a t  t h e  p r e d i c t i o n  e q u a t i o n s  d e r i v e d  h e r e  r e f e r  t o  

g ro w th  p a t t e r n s  o f  ewes.

TABLE 38 . RESIDUAL CORRELATIONS AMONG YEARLING WEIGHT (YWT), WEIGHT AT 
270 D (W270), WEIGHT AT 180 D, WEIGHT AT 180 D (W180), WEANING WEIGHT 
AT 90 D (WWT) AND BIRTH WEIGHT (BW) UNDER VILLAGE AND EXPERIMENT

STATION CONDITIONS

( I ) (2 ) (3) (4)

V i l l a g e  ( N=: in )

( I )  BW

(2 )  WWT .26

(3 )  Wl80 .37* .82**

(If) W270 .59** .53*« .75**

(5 )  YWT .58** .fjif** .61** .92**

E xner im en t  s t a t i o n  (N rtSff)

( I )  BW

(2 )  WWT

#on

(3 )  Wl80 .33* .76«*

(4 )  W270 .29* .58** .82**

(5 )  YWT .21 .51** .64** .87**

** ( p < .0 1 ) ,  * (p < .0 5 )
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G r o w t h  c u r v e s  ( f i g u r e  4 )  d e s c r i b e  t h e  g r o w t h  p a t t e r n  o f  

I n d o n e s i a n  s h e e p ,  a n d  show t h a t  JTT a n d  FT u n d e r  e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s  g re w  f a s t e r  t h a n  s h e e p  u n d e r  v i l l a g e  c o n d i t i o n s .  The 

r e s u l t s  a l s o  i n d i c a t e d  t h a t  g ro w th  was e s s e n t i a l l y  l i n e a r  t h e  f i r s t  

t h r e e  m onths . These r e s u l t s  a r e  c o n s i s t e n t  w i t h  g ro w th  c u r v e s  ^of sheep  

i n  p r e v i o u s  s t u d i e s  r e p o r t e d  by H u n t e r  ( I 957) who f o u n d  t h a t  g r o w t h  

was l i n e a r  i n  t h e  f i r s t  t h r e e  month o f  age , b u t  c u r v i l i n e a r  from  b i r t h  

t o  8 mo o f  a g e .  W i l s o n  (1 9 8 3 )  i n  a  s t u d y  o f  h a i r  s h e e p  n o t e d  t h a t  

g ro w th  r a t e  was l i n e a r  from  b i r t h  t o  6 mo o f  age and c u r v i l i n e a r  from  

b i r t h  t o  12 mo o f  a g e .  G o u ld  a n d  W h i te m a n  (1 9 7 1 )  f o u n d  t h a t  g r o w t h  

r a t e  was l i n e a r  from  b i r t h  t o  70 d o f  age , and c u r v i l i n e a r  f rom  b i r t h  

t o  168 d o f  a g e ;  a n d  H a r r i n g t o n  e t  a l .  ( 1958) i n  a  s t u d y  on  r a n g e  

sh e ep  c o n c lu d e d  t h a t  lam b  g ro w th  f rom  b i r t h  to  1,20 d o f  age  c o u ld  be 

l i n e a r  o r  c u r v i l i n e a r  d e p e n d i n g  u p o n  t h e  c o n d i t i o n  o f  t h e  y e a r  t h a t  

a f f e c t e d  lam b  g ro w th .

Ewe p e rfo rm a n c e  t r a i t s

Ewe w e i g h t .  A n a l y s i s  o f  v a r i a n c e  ( t a b l e  40)  s h o w e d  t h a t  u n d e r  

v i l l a g e  c o n d i t i o n s  l o c a t i o n  was an  i m p o r t a n t  s o u rc e  o f  v a r i a t i o n  f o r  

w e i g h t  a t . m a t i n g .  L e a s t  s q u a r e s  m e a n s  ( t a b l e  41) i n d i c a t e d  t h a t  GAR 

had  th e  h e a v i e s t  m a t in g  w e ig h t  f o l l o w e d  by CIR and CIB. The l a s t  two 

l o c a t i o n s  r a n k e d  i n  d i f f e r e n t  o r d e r  com pared  t o  p r e v io u s  w e ig h ts .  Th is  

change  was p re su m a b ly  due t o  th e  number o f  o b s e r v a t i o n s  a v a i l a b l e  and 

a  d i f f e r e n t  age  c o m p o s i t i o n  o f  ewes i n  t h e  d a t a  s e t .



TABLE 39. GROWTH CURVE EQUATIONS FOR INDONESIAN SHEEP UNDER EXPERIMENT STATION AND VILLAGE CONDITIONS

Conditions and breed
P w a t i w s

Logarithmic form Exponential form Standard Error R2

Experiment s t a t i o n  -  JTT In  W = 1.94 + .405 In  A W = 6.959 A*1105 .0182 .957

Experiment s t a t i o n  -  FT In  W = 1.86 + .424 In  A W = 6.424 A '* ^ .0249 .957

V il lage  -  JTT In  W = 1.81 + .385 In  A W = 6.110 A*385 .0224 VO -E
r oo

W = Estimated weight

A = Age i n  months
LU
-Cr



Experiment station - JTT

Experiment station - FT

Village - JTT

GROWTH CURVES OF JTT AND FT EWES UNDER STATION CONDITIONS AND JTT 
EWES UNDER VILLAGE CONDITIONS

FIGURE 4
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At t h e  e x p e r im e n t  s t a t i o n ,  b re e d  had  no s i g n i f i c a n t  e f f e c t  ( t a b l e  

40 ) .  A l th o u g h  t h e r e  w as  no s i g n i f i c a n c e  d i f f e r e n c e ,  l e a s t  s q u a r e s  

means ( t a b l e  41) i n d i c a t e d  t h a t  JTT ewes te n d e d  t o  be h e a v i e r  th a n  FT 

a s  was t r u e  f o r  w e ig h t s  a t  o t h e r  a g e s .

The e f f e c t  o f  ewe age e i t h e r  u n d e r  v i l l a g e  o r  e x p e r im e n t  s t a t i o n  

c o n d i t i o n s  w a s  f o u n d  t o  b e  i m p o r t a n t  ( t a b l e  40)  a n d  l e a s t  s q u a r e s  

e s t i m a t e s  ( t a b l e  41)  s h o w e d  t h a t  m a t i n g  w e i g h t  i n c r e a s e d  w i t h  

a d v a n c i n g  a g e  f r o m  19.31 kg  a t  1 - y r - o l d  t o  2 5 .3 2  k g  a t  4 - y r - o l d  a n d  

o l d e r .  U nder  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  m a t i n g  w e i g h t  t e n d e d  t o  

h a v e  c u r v i l i n e a r  r e l a t i o n s h i p  w i t h  ewe a g e ,  a l t h o u g h  t h e  q u a d r a t i c  

r e g r e s s i o n  w a s  n o t  s i g n i f i c a n t  ( p < .1 ) .  The l i n e a r  a n d  q u a d r a t i c  

r e g r e s s i o n  c o e f f i c i e n t s  w ere  .389 kg/m o and .006 kg/m o^, r e s p e c t i v e l y .

Y e a r  e f f e c t  w a s  n o t  s i g n i f i c a n t  e i t h e r  u n d e r  v i l l a g e  o r  

e x p e r i m e n t  s t a t i o n  c o n d i t i o n s ,  e v e n  th o u g h  t h e r e  w a s  a t e n d e n c y  o f  

■ inc reased  w e ig h t  i n  t h e  l a t e r  y e a r  ( a p p e n d ix  t a b l e  70).

Month t o  month v a r i a t i o n  i n  m a t in g  w e ig h t  was s i g n i f i c a n t  o n ly  a t  

t h e  e x p e r im e n t  s t a t i o n  ( t a b l e  40 ) ,  s u g g e s t i n g  t h a t  t h e  f l u c t u a t i o n  o f  

f e e d  s u p p ly  was m ore v a r i a b l e  unde r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s  th a n  

v i l l a g e  c o n d i t i o n s .

For p o s tp a r tu m  w e ig h t ,  l o c a t i o n  and b re e d  w ere  i m p o r t a n t  s o u rc e s  

o f  v a r i a t i o n  u n d e r  v i l l a g e  and  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  ( t a b l e  

4 0 ) .  The r a n k i n g  o f  p o s t p a r t u m  w e i g h t  w a s :  e w e s  i n  GAR w as  t h e  

h e a v i e s t  f o l l o w e d  by CIB and  CIR u n d e r  v i l l a g e  c o n d i t i o n s  and JTT was 

h e a v i e r  th a n  FT a t  t h e  e x p e r im e n t  s t a t i o n  ( t a b l e  42).
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TABLE 40 . ANALYSIS OF VARIANCE OF MATING WEIGHT (KG) AND POSTPARTUM 
WEIGHT (KG) UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

V illage Exnerlment s ta tio n
Source of varia tion df Mean squares df Mean squares

L o c a t io n  a 2
M ating  w e ig h t
156.57** I 39 .63

Year 2 12.88 I 68 .44+
Month 11 17.16 11 50.04**
Ewe age 3 218 .45** . . .
R e g r e s s io n s  
Ewe age l i n e a r I 730 .48**
Ewe age  q u a d r a t i c I 65 .99+
R e s id u a l 193 13.98 113 19.24

L o c a t io n  (L) a 2
P o s to a r tu m  w e ig h t

244 .15** I 145.93**
Type o f  b i r t h 2 14.42 3 9 .5 2
Year 2 34 .04+ 2 158.39**
Month 11 7.01 11 40 .72*
Ewe age 3 107.06** . . .
R e g r e s s io n s  
Ewe age l i n e a r I 377 .13**
Ewe age  q u a d r a t i c  
R e s id u a l 284 12.46 128

n . s .
19 .19

a Breed  f o r  e x p e r im e n t  s t a t i o n .  
• •  ( p < .0 1 ) ,  * ( p < .0 5 ) ,  + ( P < .1 ) .

As w as  t h e  c a s e  f o r  m a t i n g  w e i g h t ,  a g e  o f  ewe w as  a n  i m p o r t a n t  

s o u r c e  o f  v a r i a t i o n  b o t h  u n d e r  v i l l a g e  an d  e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s .  L e a s t  s q u a r e s  m ea n s  ( t a b l e  42)  sh o w e d  t h a t  p o s t p a r t u m  

w e ig h t  i n c r e a s e d  w i th  i n c r e a s i n g  o f  a g e ,  even  though t h e r e  was o n ly  a 

s m a l l  d i f f e r e n c e  b e t w e e n  ew e a t  3 an d  4 y r  o f  a g e ,  u n d e r  v i l l a g e  

c o n d i t i o n s .  The e f f e c t  o f  ewe a g e  on p o s t p a r t u m  w e i g h t  u n d e r  

e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  w as  sh o w n  by a s i g n i f i c a n t  l i n e a r  

r e g r e s s i o n  (b=.158 kg/mo) o f  p o s tp a r tu m  w e ig h t  on ewe age  ( t a b l e  42).
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TABLE 41 . LEAST SQUARES MEANS AND STANDARD ERRORS OF MATING WEIGHT 
(MTWT) ACCORDING TO SOME MAIN EFFECTS AND COVARIATES UNDER 

VILLAGE AND EXPERIMENT STATION CONDITIONS

V illage_____  Experiment s ta tio n
V a r i a b l e s No. MTWT (kg) No. MTWT (kg)

U 212 22 .5 5  ± .51 123 2 3 .8 9  ±  1 .13
L o c a t io n

GAR 45 24 .8 0  ± .82
CIB 139 2 0 .9 0  ± .44
CIR 28 2 1 .9 5  ±  .83

Breed
JTT 98 24 .9 6  ± 1.01
FT 25 2 2 .8 2  + 1.64

Ewe age
I 31 19.31 ± .81
2 102 21 .74  ±. .55
3 45 23 .83  ± .75
4 34 2 5 .3 2  ±  .77

R e g r e s s io n  t r a i t
on ewe age
l i n e a r  (kg/mo) .389  ±  0 .06
q u a d ,  (kg/mo2 ) —.006 + 0 .003

Type o f b i r t h  ( l i t t e r  s i z e ) w as  n o t  a s i g n i f i c a n t  s o u r c e  o f

v a r i a t i o n ,  e i t h e r  u n d e r  v i l l a g e o r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s

( t a b l e  4 0 ) , h o w e v e r t h e r e  w as  a t e n d e n c y  f o r  e w e s  h a v i n g  l a r g e r

l i t t e r s  to  bei h e a v ie r th a n  ewes t h a t  had s i n g l e s .

Year o f  la m b in g  s i g n i f i c a n t l y  a f f e c t e d  p o s tp a r tu m  w e ig h t  i n  th e  

e x p e r i m e n t  s t a t i o n  ( p < . 0 1 ) ,  b u t  h a d  no  e f f e c t  u n d e r  v i l l a g e  

c o n d i t i o n s .  Ewe age  c o m p o s i t io n  u n d e r  v i l l a g e  c o n d i t i o n s  was c o n s t a n t ,  

b u t  a t  t h e  e x p e r im e n t  s t a t i o n  th e  ewe age c o m p o s i t io n  was changed such  

t h a t  e w e s  w e r e  k e p t  i n  t h e  f l o c k  u n t i l  7 y r  o f  a g e .  Ewe p o s t p a r t u m  

w e ig h t  a c c o r d in g  t o  t h e  y e a r  i s  p r e s e n t e d  i n  a p p e n d ix  t a b l e  71.



139

TABLE 42 . LEAST SQUARES MEANS AND STANDARD ERRORS OF POSTPARTUM WEIGHT 
(PPWT) CLASSIFIED ACCORDING TO SOME MAIN EFFECTS AND COVARIATES 

UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

____ V illage______  Experiment s ta tio n
V a r i a b l e  No. PPWT (kg) No. PPWT (kg)

U 305 2 4 .1 8  ± .47 147 2 4 .4 2  ± VO OO

L o c a t io n
GAR
CIB
CIR

55
197

51

26 .6 6  ± .66  
2 3 .0 2  i  .42  
2 2 .8 8  ±  .70

Breed
JTT • • • 114 2 6 .0 8  ±, .81
FT ... 33 2 2 .7 6  ± 1.41

Type o f  b i r t h
I 182 2 3 .6 8  ± .40 65 2 4 .6 2  ± 1.07
2 109 23 .6 7  ±  .46 51 23-89  ± 1.16
3 14 25.21  ± 1 .05 21 25 .2 7  ± 1.27
4 ... 10 2 3 .9 0  ± 1.69

Ewe age
I 55 2 2 .3 0  ± .65 . ..
2 145 23 .71  ±  .52 . .•

3 65 24 .9 5  ±  .6 0 . ..

4 40 25 .7 8  ±  .72 . .•
R e g re s s io n  
t r a i t  on ewe age

l i n e a r  (kg/mo) ... .158± .04

As was t h e  c a se  i n  m a t in g  w e ig h t ,  month to  month v a r i a t i o n  i n  

p o s tp a r tu m  w e ig h t  was o n ly  s i g n i f i c a n t  i n  th e  e x p e r im e n t  s t a t i o n  d a ta  

( t a b l e  40 and a p p e n d ix  t a b l e  7 1 ) .  F l u c t u a t i n g  f e e d  s u p p ly  was t h e  

m ajo r  f a c t o r  t h a t  a f f e c t e d  p o s tp a r tu m  w e ig h t .

L i t t e r  s i z e .  A n a ly s i s  o f  v a r i a n c e  ( t a b l e  43) showed t h a t  l o c a t i o n  

was an  im p o r ta n t  s o u rc e  o f  v a r i a t i o n  u n d e r  v i l l a g e  c o n d i t i o n s ,  w h i le

b re e d  had no e f f e c t  on l i t t e r  s i z e
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L e a s t  s q u a r e s  m e a n s  ( t a b l e  44) s h o w e d  t h a t  t h e  a v e r a g e  U t t e r  

s i z e  u n d e r  v i l l a g e  c o n d i t i o n s  w a s  1 .44 a n d  u n d e r  s t a t i o n  c o n d i t i o n s  

w a s  1 .97 . A c c o r d in g  t o  t h e  l o c a t i o n ,  GAR h a d  t h e  l a r g e s t  l i t t e r  s i z e  

f o l l o w e d  by CIB and CIR, w h i l e  unde r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s  JTT 

and FT had  a lm o s t  t h e  same l i t t e r  s i z e .  The l i t t e r  s i z e  o f  e x p e r im e n t  

s t a t i o n  s h e e p  w as  h i g h e r  c o m p a r e d  t o  t h e  s t u d y  r e p o r t e d  by M ason 

( 1980) who f o u n d  t h a t  J T T - P r i a n g a n  a n d  FT h a d  l i t t e r  s i z e  1.81 an d  

1.56, r e s p e c t i v e l y  and Obst e t  a l .  (1980) who r e p o r t e d  t h a t  JT T -G aru t  

a n d  F T -M a d u ra  h a d  l i t t e r  s i z e  1.86 an d  1.67» r e s p e c t i v e l y .  U nder  

v i l l a g e  c o n d i t i o n s  t h e  l i t t e r  s i z e  w as  s i m i l a r  t o  t h e s e  r e p o r t e d  

f i n d i n g s .  B e l l  and  I n o u n u  ( 1982) i n  a  s t u d y  a t  GAR, b u t  i n  d i f f e r e n t  

v i l l a g e s ,  f o u n d  l i t t e r  s i z e  a v e r a g e  o f  1 .62 . S i t o r u s  a n d  S u b a n d r i y o

( 1982) i n  a s t u d y  i n  GAR, CIB a n d  CIR b a s e d  on o n e - d a y  v i s i t s  f o u n d  

l i t t e r  s i z e  a v e r a g e  o f  1 .2 8 ,  1.74 a n d  1 .6 9 ,  r e s p e c t i v e l y .  O b s t  e t  a l .  

(1980) i n  a s tu d y  o f  sh e ep  s i m i l a r  to  CIB (JTT-Bogor) found an  a v e ra g e  

l i t t e r  s i z e  o f  1 .58 . T h e s e  r e s u l t s  i n d i c a t e  a  h i g h  v a r i a b i l i t y  o f  

l i t t e r  s i z e  i n  I n d o n e s ia n  sheep .

Ewe a g e  a l s o  w as  a n  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  i n  b o t h  t h e  

v i l l a g e s  an d  e x p e r i m e n t  s t a t i o n  ( t a b l e  4 3 ) .  L e a s t  s q u a r e s  m e a n s  

i n d i c a t e d  t h a t  u n d e r  v i l l a g e  c o n d i t i o n s  l i t t e r  s i z e  i n c r e a s e s  w i t h  

a d v a n c i n g  a g e  o f  ew e ( t a b l e  4 4 ) .  S i m i l a r l y ,  t h e  e f f e c t  o f  ew e a g e  on 

l i t t e r  s i z e  a t  t h e  e x p e r im e n t  s t a t i o n  i s  shown by s i g n i f i c a n t  l i n e a r  

r e g r e s s i o n  o f  l i t t e r  s i z e  i n  ewe age . L i t t e r  s i z e  i n c r e a s e s  a b o u t  .021 

p e r  m o n th  i n c r e a s e  on ew e a g e .  T h e se  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  

p r e v io u s  s t u d i e s  t h a t  i n d i c a t e  t h a t  l i t t e r  s i z e  and lam bs b o rn  p e r  ewe

-4"



l a m b i n g  i n c r e a s e  w i t h  a g e  o f  ew e t o  a  maximum  a t  4 t o  8 y r  a n d  t h e n  

d e c l i n e s ,  b u t  so m e t im e s  o n ly  v e ry  s l i g h t l y  (Reeve and R o b e r ts o n ,  1953; 

B e l i e ,  I 954 ; R agab  a n d  A s k e r ,  1954 ; K a ra m , 1957; Y a l c i n  a n d  B i c h a r d ,  

1964 ; Mai j a l a ,  1967 ; R o t t e n s e n  a n d  Ampy, I 9 7 1 , ' F o r r e s t  a n d  B i c h a r d ,  

1974a; A rno ld  and C h a r l i c k ,  1980; Amir e t  a l . , 1 9 8 l ) .  Mason (1980) i n  a 

s tu d y  on I n d o n e s i a n  s h e e p ,  found  t h a t  l i t t e r  s i z e  i n c r e a s e d  up to  th e  

t h i r d  p a r t u r i t i o n ,  b u t  l i t t l e  t h e r e a f t e r .

Y ea r  h a d  a n  i m p o r t a n t  e f f e c t  on  l i t t e r  s i z e  a t  t h e  e x p e r i m e n t  

s t a t i o n ,  b u t  had no e f f e c t  u n d e r  v i l l a g e  c o n d i t i o n s .  High l i t t e r  s i z e  

i n  1979 unde r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s  was p re su m a b ly  due to  th e  

e f f e c t  o f  f l u s h i n g ,  b e c a u s e  ewes w e re  p u rc h a s e d  i n  1978 u n d e r  v i l l a g e  

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

s u p p le m e n ta ry  f e e d  (ap p e n d ix  t a b l e  72).

M onth e f f e c t s  w e r e  n o t  s i g n i f i c a n t  i n  v i l l a g e  o r  e x p e r i m e n t  

s t a t i o n  i n d i c a t i n g  l i t t l e  v a r i a t i o n  m o n th  by m on th  i n  l i t t e r  s i z e  

b o r n ,  t h u s  t h e  e f f e c t  o f  s e a s o n  w as  n e g l i g i b l e .  T h i s  r e s u l t  w as  

o p p o s i t e  t o  m ost  s t u d i e s  o f  h a i r  sheep  i n  w hich  s e a s o n  had  i m p o r t a n t  

e f f e c t s  on  l i t t e r  s i z e  b o r n  ( M a r t i n e z ,  1983 ; B r a d f o r d  e t  a l . ,  1983; 

S ta g n a r o ,  1983; L e v in e  and S p u r lo c k ,  1983).

A n a l y s i s  o f  v a r i a n c e  ( t a b l e  43)  s h o w e d  t h a t  n u m b e r  o f  l a m b s  

w e a n e d  w a s  s i g n i f i c a n t l y  a f f e c t e d  by  l o c a t i o n  u n d e r  v i l l a g e  

c o n d i t i o n s ,  b u t  b r e e d  had no e f f e c t  a t  th e  e x p e r im e n t  s t a t i o n .

L e a s t  s q u a r e s  means ( t a b l e  45) i n d i c a t e d  t h a t  t h e  mean number o f  

l a m b  w e a n e d  w a s  1 .39 a n d  1 .4 7 ,  r e s p e c t i v e l y ,  i n  t h e  v i l l a g e s  a n d  t h e  

e x p e r im e n t  s t a t i o n .  The d i f f e r e n c e  b e tw e en  t h e  number o f  lam bs  bo rn  

( t a b l e  44)  a n d  t h e  r e s u l t s  sh o w n  i n  t a b l e  45 f o r  n u m b e r  o f  l a m b s
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w e a n e d  i s  n o t  an  a c c u r a t e  e s t i m a t e  o f  l a m b  m o r t a l i t y  b e c a u s e  t h e  

number o f  o b s e r v a t i o n s  and th e  model u sed  i n  each  c a s e  w ere  d i f f e r e n t .  

Lamb m o r t a l i t y  w i l l  be d i s c u s s e d  l a t e r .  However, t h e  r e s u l t s  i n d i c a t e  

t h a t  t h e  p r o p o r t i o n  o f  l a m b s  w e a n e d  a s  c o m p a r e d  t o  l a m b s  b o r n  w as 

h i g h e r  u n d e r  v i l l a g e  c o n d i t i o n s .

TABLE 4 3 .  ANALYSIS OF VARIANCE OF LITTER SIZE BORN AND LITTER SIZE 
WEANED UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

V i l l a g e C0
 

•H4-35n■uCa•H1

S ource  o f  v a r i a t i o n d f Mean s q u a r e s d f  Mean s q u a r e s

L i t t e r  s i z e  b o rn
L o c a t i o n /b r e e d 3 2 3 .637** I .061
Year 2 .373 3 3 .654*«
Month 11 . 636+ 11 .838
Ewe age 3 .943*
R e g r e s s io n s
Ewe age l i n e a r I 10.474**
Ewe age  q u a d r a t i c I n . s .
R e s id u a l 287 .360 211 .875

L i t t e r  s i z e  weaned
L o c a t i o n /b r e e d 3 2 2 .367** I 1.751
Type o f  b i r t h  (TB) 2 17.621«* 3 5 .016*«
Year 2 .739+ I 1.940*
Month 11 .216 11 .402
Ewe age 3 .122
Year x TB 3 1.351*
R e g r e s s io n s
Ewe age l i n e a r n . s .
Ewe age  q u a d r a t i c n . s .
R e s id u a l 258 .309 117 .433

3 L o c a t io n  i n  v i l l a g e d a t a , b ree d  i n  e x p e r im e n t s t a t i o n d a t a .
** ( p < .0 1 ) ,  * (p < .0 5 ) , + (P< . 1 ) .
n . s .  Non s i g n i f i c a n t i n  th e p r e l i m i n a r y  a n a l y s i s  ( p > . I ) , hence  d e l e t e d
from th e  m odel.



Type o f  b i r t h  had an i m p o r t a n t  e f f e c t  on number o f  lam b s  weaned 

b o t h  a t  t h e  v i l l a g e s  (p < .0 1 )  a n d  a t  t h e  e x p e r i m e n t  s t a t i o n  (p < .0 5 )  

( t a b l e  1IB). L e a s t  s q u a r e s  m e a n s  ( t a b l e  45)  sh o w e d  t h a t  u n d e r  v i l l a g e  

c o n d i t i o n s  82 %, 78.5? and 59.7? o f  s i n g l e s ,  tw in s  and t r i p l e t s  w ere 

weaned, r e s p e c t i v e l y .  Under e x p e r im e n t  s t a t i o n  c o n d i t i o n s  68?, 61.5?, 

7 5 .3 ?  an d  4 2 .5 ?  o f  s i n g l e s ,  t w i n s ,  t r i p l e t s  and  q u a d r u p l e t s  w e r e  

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

I n d o n e s i a n  s h e e p  w as  o n l y  e n o u g h  f o r  r a i s i n g  tw o  l a m b s ,  h e n c e  

a r t i f i c i a l  r e a r i n g  i s  recommended f o r  lam b s  bo rn  i n  e x c e s s  o f  two.

TABLE 44. LEAST SQUARES MEANS AND STANDARD ERRORS OF LITTER SIZE BORN 
(LSIZE) CLASSIFIED ACCORDING TO SOME MAIN EFFECTS AND COVARIATE UNDER

VILLAGE AND EXPERIMENT STATION CONDITIONS

V i l l a g e E xoerlm en t s t a t i o n
V a r i a b l e s No. LSIZE No. LSIZE

U 306 1.44 ±  .06 228 1 .97  ±  .11
L o c a t io n

GAR 57 1.67  ±  .10
CIB 198 1.52  ±  .05
CIR 51 1 .15  ± .1 0

B reed
JTT 182 2 .0 0  ± .08
FT 46 1.95  ± .19

Ewe age
I 56 1.28  ± .0 9
2 145 1.39  ± .07
3 65 1 .49  ±  .09 .. .
4 40 1.61 ±  .11 .. .

R e g re s s io n  
t r a i t  on 
ewe age

l i n e a r * * * .0 2 1 ±  0 .006



Ewe age had no e f f e c t  e i t h e r  u n d e r  v i l l a g e  o r  e x p e r im e n t  s t a t i o n  

c o n d i t i o n s .  However, l e a s t  s q u a r e s  means f o r  v i l l a g e  d a t a  ( t a b l e  45) 

showed t h a t  t h e r e  was a  ten d en cy  f o r  a r e d u c e d  number o f  lam bs  weaned 

w i th  an a d v a n c in g  age  o f  ewe. Th is  r e s u l t  was o p p o s i t e  to  th e  s tu d y  o f  

H igh t  and J u ry  ( 1970a) who found  t h a t  number o f  lam bs weaned p e r  ewe 

p r e s e n t  a t  l a m b i n g  i n c r e a s e  w i t h  a d v a n c i n g  a g e .  T h e s e  d i f f e r e n t  

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

m odel.
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TABLE 45 . LEAST SQUARES MEANS AND STANDARD ERRORS OF LITTER SIZE 
WEANED (LSWEAN) CLASSIFIED ACCORDING TO SOME MAIN EFFECTS UNDER 

VILLAGE AND EXPERIMENT STATION CONDITIONS

V a r i a b l e
____ V illage____
No. LSWEAN

E xperim en t s t a t i o n  
No. LSWEAN

U 279 1 .39  ±  .08
L o c a t io n

GAR 48 1 .65  ± .11
CIB 184 1.37  ± .08
CIR 47 1.16 ± .11

Breed
JTT
FT

Type o f  b i r t h
I 168 .82 ± .07
2 92 1.57  ± .08
3 14 1 .79  ±  .17
4 • e •

Ewe age
I 54 1.44  t  .10
2 132 1 .40  ± .08
3 62 1.33  ±  .10
4 31 1.41 ±  .12

137 1 .47  ±  .14

105 1 .6 5  ±  .1 2
32 1.30 ±  .20

63 .6 8  ±  .13
49 1 .23  ±  .13
17 2 .2 6  ± .36
8 1 .70  ±  .27



Y ears  and m onths  o f  lam b in g  a t  t h e  v i l l a g e s  showed no s i g n i f i c a n t  

e f f e c t s  b u t  a t  th e  e x p e r im e n t  s t a t i o n  y e a r s  showed s i g n i f i c a n t  e f f e c t s  

( t a b l e  4 3 ) .  However, l e a s t  s q u a r e s  means i n d i c a t e d  f l u c t u a t i o n  y e a r  by 

y e a r  and month by month (a p p e n d ix  t a b l e  7 3 )•  E s t im a te s  o f  t h e  e f f e c t s  

o f  y e a r s  and m onths  o f  lam b ing  w ere  a s s o c i a t e d  w i th  h ig h  s t a n d a r d  

e r r o r s .

L i v a b i l i t y .  Lamb l i v a b i l i t y  a s  a  ewe p e rfo rm an ce  t r a i t  showed 

t h a t  b re e d  had no e f f e c t  unde r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s ,  b u t  

l o c a t i o n  s i g n i f i c a n t l y  a f f e c t e d  l i v a b i l i t y  a t  30 and 60 d ( t a b l e  4 6 ) .  

The l e a s t  s q u a r e s  means ( t a b l e  47) i n d i c a t e d  t h a t  d e a th  l o s s e s  ^ e r e  

h ig h  i n  CIR f o l lo w e d  by CIB and GAR e i t h e r  a t  b i r t h  o r  a t  w eaning  age 

(90 d ) . The d e a th  l o s s e s  w ere  7.7%, 5.3% and 2.8% a t  b i r t h ;  32.7%, 

20.4% and 11.1% a t  30 d ;  and 37.5%, 24.6% and 15.2% a t  w eaning , 

r e s p e c t i v e l y ,  f o r  CIR, CIB and GAR. High d e a th  l o s s e s  r e s u l t e d  a t  ClR 

b e c au se  sheep  i n  t h a t  a r e a  w ere  r a i s e d  u n d e r  s e m i - e x t e n s i v e  c o n d i t i o n s  

and a s e v e r e  worm p rob lem  was i d e n t i f i e d .  Under e x p e r im e n t  s t a t i o n  

c o n d i t i o n s  FT had h i g h e r  m o r t a l i t y  r a t e s  t h a n  JTT: 13.2% and 10.5% a t  

b i r t h ;  43.5% and 33.6% a t  30 d ;  and 49.1% and 35% a t  w ean ing  a t  90 d 

o f  a g e .  M o r t a l i t y  u n d e r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s  com pared to  t h e  

v i l l a g e  c o n d i t i o n s  was h i g h e r .  T h is  i s  p ro b a b ly  due a t  l e a s t  i n  p a r t  

to  t h e  h i g h e r  i n c i d e n c e  o f  m u l t i p l e  b i r t h s  i n  t h e  s t a t i o n .  There  w ere 

more weak lam bs b e c a u se  o f  g r e a t e r  i n t r a u t e r i n e  c o m p e t i t io n  and 

s h o r t e r  g e s t a t i o n  l e n g t h  i n  m u l t i p l e  b i r t h  b e a r i n g  ewes compared t o  

s i n g l e  b e a r i n g  ew es. O the r  r e a s o n s  i n c l u d e  lam bs b o rn  i p  l a r g e r  

l i t t e r s  Were g e n e r a l l y  l i g h t e r  i n  w e ig h t  and p ro b a b ly  l e s s  v ig o r o u s .  

A lso ,  ewes may n o t  have  g iv e n  a s  much i n d i v i d u a l  a t t e n t i o n  to  t h e i r



l a m b s  b o r n  i n  a  l a r g e  l i t t e r .  An o b v i o u s  p r o b le m  i s  t h e  i n a b i l i t y  o f  

ew es to  s u c k le  more th a n  two lam b  a t  a  t im e ,  t h u s ,  a l l  lam b s  i n  l a r g e  

l i t t e r s  a r e  u n l i k e l y  t o  r e c e i v e  e q u a l  and a d e q u a te  s h a r e s  o f  c o lo s t ru m  

and  m i lk  (F i tz h u g h  and B r a d fo r d ,  1983).

The o v e r a l l  mean lam b  m o r t a l i t y  u n d e r  v i l l a g e  c o n d i t i o n s  was 5.3% 

a t  b i r t h ,  21.4% a t  30 d ;  22.5% a t  60 d a n d  25.8% a t  w e a n i n g  a t  90 d . 

At t h e  e x p e r i m e n t  s t a t i o n  d e a t h  l o s s e s  w e r e  1 1.9% a t  b i r t h ,  38.6% a t  

30 d ,  39% a t  60 d a n d  42% a t  w e a n i n g  a t  90 d. T h e se  r e s u l t s  i n d i c a t e  

t h a t  h i g h  d e a t h  l o s s e s  m o s t l y  o c c u r e d  i n  t h e  f i r s t  30 d o f  a g e .  

A p p r o x i m a t e l y  82 .9  % o f  d e a t h  l o s s e s  o c c u r e d  d u r i n g  t h i s  t i m e  u n d e r  

v i l l a g e  c o n d i t i o n s  and 91.9% a t  t h e  e x p e r im e n t  s t a t i o n .  These r e s u l t s  

a r e  s i m i l a r  t o  t h o s e  r e p o r t e d  by F i t z h u g h  a n d  B r a d f o r d  (1 9 8 3 )  who 

fo u n d  p o s t n a t a l  d e a th  l o s s e s  i n  a  m a j o r i t y  o f  t h e  f l o c k s  ex ceeded  25%. 

O b s t  e t  a l .  ( 1980) i n  a  s t u d y  u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  

fou n d  d e a th  l o s s e s  o f  38.7%, 24.7% and 38. 9% f o r  JT T -G a ru t ,  JTT-Bpgor 

and FT-M adura, r e s p e c t i v e l y .  B e l l  and Inounu (1982) u n d e r  I n d o n e s ia n  

v i l l a g e  c o n d i t i o n s  f o u n d  l a m b  m o r t a l i t y  o f  43%. H igh  d e a t h  l o s s e s  

w i t h i n  a  few  d a y s  a f t e r  b i r t h  w e r e  a l s o  n o t e d  i n  s e v e r a l  s t u d i e s  

e i t h e r  u n d e r  r a n g e  c o n d i t i o n s  i n  t e m p e r a t e  a r e a s  o r  u n d e r  t r o p i c a l  

c o n d i t i o n s  ( V e n k a ta c h a l a m  e t  a l . ,  19.49; H o v e r s l a n d  e t  a l . ,  1957 ;  

P u r s e r  and Young, 1964; F i tz h u g h  and B r a d fo rd ,  1983).

Type o f  b i r t h  e f f e c t  was c o n s i s t e n t l y  s i g n i f i c a n t  f o r  l i v a b i l i t y  

a t  b i r t h ,  b u t  was n o t  s i g n i f i c a n t  f o r  l i v a b i l i t y  a t  l a t e r  a g e s  u n d e r  

v i l l a g e  a n d  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  ( t a b l e  4 6 ) .  L e a s t  s q u a r e s  

means ( t a b l e  47) i n d i c a t e d  t h a t  lam b s  b o rn  i n  l a r g e  l i t t e r s  had lo w e r  

s u r v i v a b i l i t y  t h a n  s i n g l e - b o r n  l a m b s .  A t b i r t h  t r i p l e t -  a n d



q u a d r u p l e t - b o r n  lam b s  s u f f e r e d  m ore  m o r t a l i t y  b o th  u n d e r  v i l l a g e  and 

e x p e r im e n t  s t a t i o n  c o n d i t i o n s ,  and th e  e f f e c t  p e r s i s t e d  u n t i l  w ean ing  

a t  90 d o f  a g e .  At w e a n i n g ,  s i n g l e - ,  t w i n -  an d  t r i p l e t - b o r n  l a m b s  

m o r t a l i t y  u n d e r  v i l l a g e  c o n d i t i o n s  w a s  21.7%, 20.8%, a n d  34.7%, 

r e s p e c t i v e l y .  W hile  u n d e r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s  s i n g l e - , t w i n - ,  

t r i p l e t - ,  and q u a d r u p l e t - b o r n  ia m b s  m o r t a l i t y  was 25.6%, 38.7%, 45.7% 

a n d  58.1%, r e s p e c t i v e l y .  B r a d f o r d  e t  a l .  (1 9 7 4 )  i n  a  s t u d y  on som e 

p r o l i f i c  b re e d  i n d i c a t e d  t h a t  m o r t a l i t y  i n  l a r g e  l i t t e r s  was s t r o n g l y  

a s s o c i a t e d  w i t h  d e p r e s s e d  b i r t h  w e i g h t  o f  l a r g e r  l i t t e r .  P u r s e r  an d  

Young (1964) and H ig h t  and J u r y  (1970b) i n d i c a t e d  t h a t  m u l t i p l e - b o r n  

lam b s  s u f f e r e d  m ore m o r t a l i t y  b e c au se  o f  s t a r v a t i o n .

Under e x p e r im e n t  s t a t i o n  c o n d i t i o n s  ewe age c o n s i s t e n t l y  had no 

e f f e c t  on  l a m b  l i v a b i l i t y ;  u n d e r  v i l l a g e  c o n d i t i o n s  e w e  a g e  %as 

s i g n i f i c a n t  o n ly  f o r  l i v a b i l i t y  a t  30 d ( t a b l e  46). S i g n i f i c a n t  e f f e c t  

o f  ewe age on m o r t a l i t y  was r e p o r t e d  by P u r s e r  and Young (1959), Gunn 

a n d  R o b in s o n  ( 19 6 3 ) ;  B i c h a r d  a n d  C o o p e r  ( 1 9 6 6 ) ;  a n d  W ie n e r  e t  a l .

( 1 9 8 3 ) ,  b u t  n o n - s i g n i f i c a n t  e f f e c t  o f  ew e a g e  on l i v a b i l i t y  was 

r e p o r t e d  by G a l a l  e t  a l .  (1 9 7 4 )  a n d  H in c h  e t  a l .  ( 1 9 8 3 ) .

Y ears and m on ths  o f  l a m b in g  e f f e c t s  w e re  n o t  i m p o r t a n t  s o u r c e s  o f  

v a r i a t i o n  f o r  l i v a b i l i t i e s  a t  b i r t h ,  30 d ,  60 d and a t  w e a n in g  o f  90 d 

age ,  b o th  u n d e r  v i l l a g e  and e x p e r im e n t  s t a t i o n  c o n d i t i o n s  ( t a b l e  46), 

even  though  l e a s t  s q u a r e s  m eans i n d i c a t e d  f l u c t u a t i o n  y e a r  by y e a r  

and month by month (a p p e n d ix  t a b l e  74).
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TABLE 1»6. ANALYSIS OF VARIANCE OF NEONATAL SURVIVAL (NSURV), LIVABILITY AT 30 D (L IV 30), LIVABILITY AT
60 D (L IV 6 0 ), LIVABILITY AT 90 D (LIV 90) UNDER VILLAGE AND EXPERIMENT STATION CONDITION

U SURY ( I ) L m o  ( I ) LIVfiO ( I ) LBZQO f t )
Source o f  v a r i a t i o n  d f  Mean squares df Mean squares d f  Mean squares d f  Mean squares

Location (L) 2 277.5 2
V il lage

3,753.8* 2 5,167.1* 2 3,531.8+
Type of b i r t h 2 1 ,361.6” 2 2,581.4+ 2 701.1 2 1,063.2
Year 2 296.9 2 272.1 2 2,094.9 2 1,657.0
Month 11 153.6 11 409.3 11 1,201.1 11 1,157.4
Ewe age 3 68.1 3 2,673.4* 3 2,924.2+ 3 3,556.8+
L x Ewe age n .s . 6 3 ,006 .2” 6 3 ,921 .1” 6 4 ,309 .4”
Residual 279 205.7 279 951.1 263 1,250.9 255 1,455.4

Breed I 110.8
ExDeriment s t a t io n  

I 1,513.9 I 1,666.2 I 2,917.1
Type of b i r t h 3 1 ,495.6” 3 2,773.6 3 3,183.3 3 3,926.3+
Year I .1 I 594.6 I 378.5 I 240.1
Month 11 222.6 11 1,161.4 11 1,156.9 11 1,269.5
Ewe age l in e a r  
Ewe age q u a d ra t ic  
Residual 124

n .s .
n . s .

299.1 124

n .s .
n . s .

1,472.9 124

n .s .
n . s .

1,491.7 120

n .s .
n . s .

1,506.6

*" (p< .01), * (p< .05), + (p< .1 ) .
n . s .  Non s i g n i f i c a n t  i n  pre lim inary  a n a ly s is  (p> .1 ) ,  hence d e le te d  from the model



TABLE 4 7 . LEAST SQUARES MEANS AND STANDARD ERRORS OF NEONATAL SURVIVAL (NSURV), LIVABILITY AT 30 D  (L IV 30),
L IV A B IL in  AT 60 D  (L IV 6 0 ), LIVABILITY AT 90 D  (LIV 90) CLASSIFIED ACCORDING TO SOME MAIN EFFECTS UNDER

V IL L A G E  AND E X P E R IM E N T  S T A T IO N  C O N D IT IO N S

V ariab les No. NSURV (%) No. LIV30 (it) No. LIV60 (?) No. LIV90 (?)

U 306 94.7 ± 1.9 306
V il lage

78.6 ± 4.3 290 77.5 ± 5 .0 282 74.2 ±  5.4
Location

GAR 57 97.2 ± 2 .7 57 88.9 ±  6.6 53 90.9 ±  8.0 49 84.8 ±  8.6
CIR 198 94.7 ± 1.7 198 79.6 ± 3 .8 189 77.8 ± 4.3 186 75.4 ± 4.7
CIB 51 92.3 ± 2 .8 51 67.3 ± 6 .6 48 63.8 ±  7.7 47 62.5 ± 8.4

Type of b i r t h
I 182 100.7 ± 1.6 182 86.9 ±  3.7 173 81.8 ±  4.4 169 78.3 ± 4.8
2 110 96.1 ± 1.8 110 81.3 ±  4.1 103 80.0 ± 4 .9 99 79.2 ± 5.3
3 14 87.4 + 4.3 14 67.6 ±  9.4 14 70.7 ±10.7 14 65.3 ±11.6

Ewe age
I 56 93.3 ± 2.6 56 83.1 ± 6 .9 55 84.6 ±  7.9 55 81.7 ± 8.5
2 145 94.7 ±  2.1 145 83.9 ± 4.6 137 80.5 ± 5.4 133 76.9 ± 5.9
3 65 94.5 ± 2.4 65 67.1 ±  6.1 62 63.8 ±  7.3 62 58.9 ±  7.8
4 40 96.5 + 2 .9 40 80.4 ±  7 .4 36 81.2 ± 9.2 32 79.6 ±10.1

U 141 88.1 ± 3.0 141
Rxnerl merit s t a t io n

61.4 ± 6 .8 141 61.0 ± 6 . 8 137 58.0 ± 7.0
Breed

JTT 108 89.5 ± 2 .5 108 66.4 ±  5 .5 108 66.2 ± 5.5 105 65.0 ± 5.7
FT 33 86.8 ± 4.7 33 56.5 ±10.5 33 55.8 ±10.5 32 50.9 ±10.9

Type of b i r th
I 64 94.7 ± 3.1 64 74.4 ±  6 .9 64 75.2 ± 6 .9 63 74.4 + 7.1
2 51 97.1 ± 3.2 51 68.0 ±  7.1 51 66.2 ± 7.2 49 61.3 ± 7.4
3 17 87.3 ± 5.1 17 56.8 +11.4 17 55.7 ±11.4 17 54.3 ±11.6
4 9 73.4 ± 6.5 9 46.6 ±14.4 9 46.8 ±14.4 8 41.9 ±15.5
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L i t t e r  w e i g h t .  A n a l y s i s  o f  v a r i a n c e  ( t a b l e  48) i n d i c a t e d  t h a t  

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

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

y e a r  and month had  no s i g n i f i c a n t  e f f e c t s .  At th e  e x p e r im e n t  s t a t i o n  

ty p e  o f  b i r t h ,  y e a r  o f  l a m b in g  and l i n e a r  r e g r e s s i o n  o f  l i t t e r  w e ig h t  

a t  b i r t h  on ewe age  w e re  i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n ,  w h i l e  b ree d  

and m onth o f  la m b in g  had  no s i g n i f i c a n t  e f f e c t .

L e a s t  s q u a r e s  means ( t a b l e  49) showed t h a t  l i t t e r  w e i g h t  a t  b i r t h  

w as  h i g h e r  u n d e r  s t a t i o n  c o n d i t i o n s  t h a n  u n d e r  v i l l a g e  c o n d i t i o n s  

(4 .0 6  kg  v s  3 .5 5  k g ) .  T h i s  w as  d u e  t o  h i g h e r  p r o p o r t i o n  o f  m u l t i p l e  

b i r t h s  i n  t h e  s t a t i o n  sh e e p  th a n  u n d e r  v i l l a g e  c o n d i t i o n s ,  a s  w e l l  a s  

d i f f e r e n t  b re e d  ty p e  o f  sh e ep .  As was t r u e  f o r  b i r t h  w e ig h t ,  GAR had  

h e a v i e s t  l i t t e r  w e ig h t  a t  b i r t h  f o l l o w e d  by CIB and CIR. A lso , a s  i n  

th e  c a s e  o f  b i r t h  w e ig h t  fou n d  u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s ,  

JTT p ro d u ced  h e a v i e r  l i t t e r  w e ig h t s  a t  b i r t h  th a n  FT. The d i f f e r e n c e s  

among l o c a t i o n s  and b e tw e en  b r e e d s  was due i n  p a r t  to  d i f f e r e n c e s  i n  

i n d i v i d u a l  b i r t h  w e ig h t  and p r o p o r t i o n  o f  m u l t i p l e  b i r t h .

L e a s t  s q u a r e s  m e a n s  ( t a b l e  49) i n d i c a t e d  t h a t  m u l t i p l e - b i r t h  

lam bs  had h e a v i e r  l i t t e r  w e ig h t  a t  b i r t h  a s  com pared t o  s i n g l e - b o r n  

l a m b s .  The r a t i o  o f  l i t t e r  w e i g h t  a t  b i r t h  o f  s i n g l e s ,  t w i n s  an d  

t r i p l e t s  was 100:139:165 u n d e r  v i l l a g e  c o n d i t i o n s ;  and 100:152:180:212 

f o r  s i n g l e s ,  t w i n s ,  t r i p l e t s ,  and q u a d r u p l e t s  under  e x p e r im e n t  s t a t i o n  

c o n d i t i o n s .  The r a t i o s  f o u n d  i n  t h i s  s t u d y  w e r e  l e s s  t h a n  r a t i o s  

r e p o r t e d  i n  s e v e r a l  p r e v i o u s  s t u d i e s .  The r a t i o  o f  10 0 :1 6 4 :1 6 5  w as  

r e p o r t e d  by P h i l l i p s  and Dawson (1937); D ic k in s o n  e t  a l .  (1962) found
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t h e  r a t i o  o f  100:156:186; Y a lc in  and B ic h a rd  (1964a) o b t a i n e d  r a t i o  o f  

10 0 : 15 8 : 1 85 an d  10 0 : 1 5 9 : 199 i n  tw o  d i f f e r e n t  p l a c e s ;  D o n a ld  an d  

R u s s e l l  (1970) r e p o r t e d  t h e  r a t i o  o f  100:160:185 i n  f i f t e e n  b re e d s  and 

100 :184:263:300 i n  t h e  p r o l i f i c  F i n n i s h  L a n d rac e  b reed .

An e f f e c t  o f  ew e a g e  on l i t t e r  w e i g h t  a t  b i r t h  s h o w e d  t h a t  

a d v a n c i n g  ew e a g e  i n c r e a s e d  l i t t e r  w e i g h t  a t  b i r t h  u n d e r  v i l l a g e  

c o n d i t i o n s  ( t a b l e  4 9 ) .  S i m i l a r l y ,  t h e  e f f e c t  o f  ew e a g e  a t  t h e  

e x p e r im e n t  s t a t i o n  was i n d i c a t e d  by a  s i g n i f i c a n t  l i n e a r  r e g r e s s i o n  o f  

l i t t e r  w e i g h t  a t  b i r t h  on  ew e a g e .  The r e g r e s s i o n  c o e f f i c i e n t  

i n d i c a t e d  t h a t  a d v a n c in g  ewe age by one month w ould  i n c r e a s e  l i t t e r  

w e i g h t  a t  b i r t h  o f  .0 1 7  kg . T h i s  r e s u l t  w as c o n s i s t e n t  w i t h  t h e  

f i n d i n g  o f  Fahmy (1 9 8 2 )  i n  a  s t u d y  on  O x f o r d ,  S u f f o l k  a n d  t h e i r  

c r o s s e s ,  a n d  r e p o r t e d  t h a t  l i t t e r s  f r o m  2 - y r - o l d  e w e s  w e n ^ 

s i g n i f i c a n t l y  l i g h t e r  a t  b i r t h  th a n  t h o s e  from  o l d e r  ewes.

S i g n i f i c a n t  e f f e c t  o f  y e a r s  o f  la m b in g  a t  t h e  e x p e r im e n t  s t a t i o n  

a r e  shown i n  a p p e n d ix  t a b l e  75. L i t t e r  w e i g h t s  a t  b i r t h  i n  1980 w ere  

h e a v i e r  th a n  i n  1981. T h is  r e s u l t  i s  c o n s i s t e n t  w i th  t h e  s i g n i f i c a n t  

e f f e c t  o f  y e a r  on l i t t e r  s i z e  shown i n  t a b l e  43.

T here  was no s i g n i f i c a n t  e f f e c t  o f  y e a r s  o f  la m b in g  u n d e r  v i l l a g e  

c o n d i t i o n s ,  i n d i c a t i n g  t h a t  t h e r e  was o n ly  s m a l l  v a r i a t i o n  i n  number 

o f  lam bs  b o rn  and i n d i v i d u a l  b i r t h  w e ig h t .  T h is  r e s u l t  i s  c o n s i s t e n t  

w i t h  t h e  n o n - s i g n i f i c a n t  e f f e c t  o f  y e a r s  o f  l a m b i n g  o n  l i t t e r  s i z e  

( t a b l e  4 3 ) .



TABLE 118. ANALYSIS OF VARIANCE LITTER WEIGHT AT BIRTH (LlW B), LITTER WEIGHT AT 30 D (L1WT30), LITTER
WEIGHT AT 60 D (LIWT60) AND LITTER WEIGHT AT 90 D (L1WT90) UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

LTWB (kfi) LlWno fkc) LTWT60 fkc) LlWTQO fkc)
Source o f  v a r i a t i o n  df Mean squares d f  Mean squares d f  Mean squares d f  Mean squares

Location (L) 2 6 .2 9 ” 2
V il la c e

65.53*" 2 237 .73” 2 398.67**
Type of b i r t h  (TB) 2 211.67” 2 117.85” 2 275.50** 2 456.72«*
Ewe age 3 H.113” 3 3 .3 3 3 2 .29 3 3 .7 8
Year 2 1.18 2 7 .53 2 11.91 2 7 .5 8
Month 11 .711 11 3.61 11 8 .68 11 18.51
L x TB 
Residual

3
267

1.76+
178.79 269

n .s .
7 .04 253

n .s .
16.92 243

n . s .
29.85

Breed I .87
Exnerlment s t a t i o n  

I H9.43+ I 80.43 I 160.56+
Type of b i r t h  (TB) 3 311.89” 3 38.61* 3 90.13* 3 145.57*
Year I 6.03» I 69.31» I 253.80* I 307.55*
Month 11 I . HI 11 6 .70 11 18.19 11 27.03
Ewe age l in e a r  
Ewe age q u a d ra t ic  
Residual

I

123

11. 116»
n .s .

.93 124

n .s .
n . s .

12.64 124

n .s .
n .s .

31.90 120

n .s .
n . s .

46.37

** (p< .01), •  (p< .05), + (p< .1 ) .
n . s  Non s ig n i f i c a n t  i n  p re lim inary  a n a ly s is  (p> .1 ) ,  th e re fo re  d e le te d  from the model.
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TABLE 119. LEAST SQUARES MEANS AND STANDARD ERRORS OF LITTER WEIGHT AT BIRTH (LlW B), LITTER WEIGHT AT 30 D
(LTWT30), LITTER WEIGHT AT 60 D (LTWT60) AND LITTER WEIGHT AT 90 D (LIWT90) CLASSIFIED ACCORDING TO SOME

MAIN EFFECTS UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

V ariab les  No. LTOB (kg) No. LTOT30 (kg) No. LTOT60 (kg) No. LTOT90 (kg)

U 291 3.55 1+ UU 290
V illage  

5.73 + .38 274 8.48 ± .60 264 10.32 ± .81
Location

GAR 55 3.84 ±  .18 55 6.96 + .53 51 10.97 + .84 46 13.71 ± 1.16
CIB 185 3.79 ± .12 184 5.73 ± .35 175 8.27 ±  .54 171 9.96 + -72
CIR 51 3.02 ± .20 51 4.50 ±  .55 48 6.19 t  .86 47 7.30 ±  1.16

TVpe of b i r t h
I 173 2.64 ±  -11 172 4.56 ±  .34 163 6.39 ±  .55 158 7.83 ±  .74
2 104 3.66 ±  .14 104 6.61 ±  .37 97 9.53 ±  .59 92 12.06 ±  .81
3 14 4.36 ± .26 14 6.02 + .80 14 9.53 ±  1.25 14 11.08 ± 1.66

Ewe age
I 46 3-07 ± .17 46 5.36 ± .54 45 8.14 ± .84 44 10.26 ± 1-36
2 143 3.59 ±  .13 142 5.90 ± .41 135 8.52 ±  .65 131 10.65 ± .88
3 62 3.71 i  .15 62 5.76 + .48 58 8.62 ± .76 58 10.35 ±  1.02
it 40 3.83 ±  .18 40 5.89 ±  .56 36 8.63 ±  .90 31 10.04 ± 1.23

U 141 4.06 1+ 141
F h rn p n ' mpnt s t a t i o n  

6.60 ± .63 141 10.25 ±  .99 137 12.64 H- h

Breed
JTT 108 4.19 ±  .16 108 7.49 ± .51 108 11.39 ± .81 105 14.30 ± .99
FT 33 3.93 ± .26 33 5.70 i  .97 33 9.11 ± 1 .5 4 32 10.98 ± 1.90

Type o f  b i r th
I 64 2.52 ± .17 64 5.19 ± .64 64 7.91 ± 1.01 63 9.54 ± 1.25
2 51 3.83 ± .18 51 6.63 ± .66 51 9.72 ± 1.05 49 11.92 ± 1.30
3 17 4.53 ± .29 17 7.82 ± 1.05 17 11.76 ± 1.67 17 14.05 ± 2 .0 3
it 9 5.35 ±  .37 9 6.74 ± 1.33 9 11.60 ± 2.12 8 15.06 ± 2.72

Regression 
t r a i t s  on 
ewe age
l in e a r  (kg/mo) .017±.008 ... - * •
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Month by month v a r i a t i o n  had  o n ly  s m a l l  f l u c t u a t i o n  b o th  under  

v i l l a g e  and e x p e r im e n t  s t a t i o n  c o n d i t i o n s  (ap p en d ix  t a b l e  75). Seasop  

h a d  n e g l i g i b l e  e f f e c t  on  n u m b er  o f  l a m b s  b o r n ,  h e n c e  t h e  e f f e c t  on 

l i t t e r  w e ig h t  a t  b i r t h  was n e g l i g i b l e .

A n a ly s i s  o f  v a r i a n c e  ( t a b l e  48) i n d i c a t e d  t h a t  f o r  l i t t e r  w e ig h t  

a t  30 , 60, and 90 d , l o c a t i o n  and ty p e  o f  b i r t h  w ere  i m p o r t a n t  s o u r c e s  

o f  v a r i a t i o n  unde r  v i l l a g e  c o n d i t i o n s ,  b u t  ewe age , y e a r  and month had :

no s i g n i f i c a n t  e f f e c t s .  However, i n  th e  e x p e r im e n t  s t a t i o n  d a t a  ty p e  

o f  b i r t h  and y e a r s  w e re  t h e  i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n .  B reed , ewe 

ag e ,  and m onths  o f  l a m b in g  had no s i g n i f i c a n t  e f f e c t s .

L e a s t  s q u a r e s  means a c c o r d in g  t o  l o c a t i o n  ( t a b l e  49) showed t h a t  

GAR ewes c o n s i s t e n t l y  had  h i g h e r  l i t t e r  w e ig h t  a t  30 , 60 and 90 d th a n  

CIB and  CIR e w e s .  T h i s  w as  due  t o  d i f f e r e n c e s  i n  l i t t e r  s i z q ,  

l i v a b i l i t y  and i n d i v i d u a l  w e ig h t  a t  t h o s e  t h r e e  l o c a t i o n s .

U n d er  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s ,  a l t h o u g h  t h e r e  w as no 

s i g n i f i c a n t  d i f f e r e n c e  b e tw e en  JTT and FT, JTT te n d e d  t o  have  h ig h e r  

l i t t e r  w e i g h t  a t  3 0 , 60 a n d  90 d.

Under v i l l a g e  c o n d i t i o n s ,  l e a s t  s q u a r e s  means ( t a b l e  49) f o r  type  

o f  b i r t h  i n d i c a t e d  t h a t  l i t t e r  w e i g h t  a t  3 0 ,  60 a n d  90 d i n c r e a s e d  

f o r  t w i n  b e a r i n g  e w e s  t h e n  d e c l i n e d  f o r  l a r g e r  l i t t e r  s i z e .  U nder 

e x p e r im e n t  s t a t i o n  c o n d i t i o n s  ewes t h a t  p roduced  m u l t i p l e  b i r t h s  had 

h e a v i e r  l i t t e r  w e i g h t  a t  3 0 ,  60 a n d  90 d t h a n  e w e s  t h a t  p r o d u c e d  

s i n g l e  l a m b s .  T h e s e  r e s u l t s  w e r e  s i m i l a r  t o  f i n d i n g s  o f  M a v r o g e n i s  |

(1982) and B la c k  (1982) who r e p o r t e d  t h a t  ewe b e a r i n g  t w i n  lam bs  had 

h e a v i e r  l i t t e r  w e ig h t  a t  w ean ing .
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Age o f  ew e h a d  no s i g n i f i c a n t  e f f e c t  e i t h e r  u n d e r  e x p e r i m e n t  

s t a t i o n  o r  unde r  v i l l a g e  c o n d i t i o n s .  No n - s i g n i f i c a n t  e f f e c t s  o f  ewe 

a g e  on  l i t t e r  w e i g h t  a t  30» 60 a n d  90 d w e r e  c o n t r a r y  t o  t h e  r e s u l t s  

o f  m ost  p r e v io u s  s t u d i e s .  V ese ly  and P e t e r s  (1964), B a s u th a k u r  (1970), 

G o o t  a n d  M a i j a l a  ( 1 9 7 7 ) ,  P o n z o n i  e t  a l .  (1 9 7 9 )  a n d  Fahmy ( 1982) 

r e p o r t e d  t h a t  ewe a g e  h a d  a s i g n i f i c a n t  e f f e c t  on  l i t t e r  w e i g h t  a t  

w e a n i n g ;  2 - y r - o l d  e w e s  p r o d u c e d  t h e  l i g h t e s t ,  w h i l e  6 - y r - o l d  e w e s  

p roduced  th e  h e a v i e s t .

Y ears  and m on ths  o f  la m b in g  i n  t h e  v i l l a g e s  showed no s i g n i f i c a n t  

e f f e c t s  on  l i t t e r  w e i g h t  a t  3 0 , 60 a n d  90 d , b u t  a t  t h e  e x p e r i m e n t  

s t a t i o n  y e a r s  sh o w e d  s i g n i f i c a n t  e f f e c t s  ( t a b l e  4 8 ) .  T h i s  s u g g e s t s  

t h a t  t h e r e  w a s  a  s m a l l  v a r i a t i o n  y e a r  by y e a r  o r  m o n th  by m o n th  on  

l i t t e r  w e ig h t  a t  th o s e  a g e s  a t  t h e  v i l l a g e s  (append ix  t a b l e  75). S m all  

f l u c t u a t i o n  y e a r  by y e a r  a n d  m o n th  by m o n th  r e f l e c t e d  t h a t  t h e  

m o r t a l i t y  an d  i n d i v i d u a l  w e i g h t  o f  l a m b s  a r e  r e l a t i v e l y  c o n s t a n t  

d u r in g  th e  p e r io d  s t u d i e d  a t  th e  v i l l a g e s .  However, y e a r  d i f f e r e n c e s  

a t  t h e  e x p e r im e n t  s t a t i o n  r e f l e c t s  d i f f e r e n c e s  i n  lam b  w e ig h t ,  l i t t e r  

s i z e  and m o r t a l i t y .

R e s id u a l  c o r r e l a t i o n s  among ewe t r a i t s  a r e  p r e s e n t e d  i n  t a b l e  50. 

L i t t e r  s i z e  b o r n  w a s  s i g n i f i c a n t l y  a n d  p o s i t i v e l y  c o r r e l a t e d  w i t h  

l i t t e r  s i z e  a t  w ean ing , and l i t t e r  w e ig h t  a t  b i r t h ,  a t  30., 60 d and a t  

w e a n i n g  (90  d o f  a g e ) .  H o w e v e r ,  w i t h  r e s p e c t  t o  l i v a b i l i t i e s  l i t t e r  

s i z e  was n e g a t i v e l y  c o r r e l a t e d ,  even  though  some c o r r e l a t i o n s  w e re  n o t  

d i f f e r e n t  f r o m  z e r o .  T h i s  i n d i c a t e d  t h a t  l a r g e  l i t t e r s  t e n d e d  t o  be  

a s s o c i a t e d  w i t h  h e a v y  l i t t e r  w e i g h t s ,  b u t  a r e  a s s o c i a t e d ,  w i t h  low  

s u r v i v a b i l i t y .  T h is  r e s u l t  was i n  a g re e m e n t  w i th  p r e v i o u s  s t u d i e s  a s
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f o l l o w s :  E i k j e  (1 9 7 5 )  f o u n d  p o s i t i v e  p h e n o t y p i c  c o r r e l a t i o n  among 

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

w ean in g  ( th e  c o r r e l a t i o n  r a n g e d  from  .67 to  .93). M a r t in  e t  a l .  (1980) 

r e p o r t e d  c o r r e l a t i o n s  r a n g e d  f r o m  «34 t o  .95  among n u m b e r  o f  l a m b s  

b o r n  a l i v e ,  n u m b e r  o f  l a m b s  w e a n e d ,  l i t t e r  w e i g h t  a t  b i r t h ,  l i t t e r  

w e i g h t  a t  4 ,  8 and  12 wk. F o g a r t y  e t  a l .  (1 9 8 2 )  i n d i c a t e d  n e g a t i v e  

c o r r e l a t i o n s  b e t w e e n  l i t t e r  s i z e  an d  n e o n a t a l  s u r v i v a l  ( - . 1 5 )  a n d  

p o s t n a t a l  s u r v i v a l  ( - . 2 0 ) .

L i t t e r  s i z e  a t  w e a n i n g  ( t a b l e  50 )  s h o w e d  m o s t l y  h i g h  p o s i t i v e  

c o r r e l a t i o n s  w i t h  l i v a b i l i t i e s  a n d  l i t t e r  w e i g h t .  The c o r r e l a t i o n  

r a n g e d  f r o m  .11 t o  .8 4  u n d e r  v i l l a g e  c o n d i t i o n s  a n d  .3 0  t o  .86  u n d e r  

e x p e r im e n t  s t a t i o n .  These r e s u l t s  s u p p o r t e d  p r e v io u s  s t u d i e s :  M a r t in  

e t  a l .  (1 9 8 0 )  f o u n d  p h e n o t y p i c  c o r r e l a t i o n  b e t w e e n  n u m b e r  o f  l a m b s  

weaned and l i t t e r  w e ig h t  a t  b i r t h ,  a t  4 , 8 and 12 wk r a n g i n g  f rom  .64 

t o  .8 7  an d  F o g a r t y  e t  a l .  ( 1982) r e p o r t e d  p h e n o t y p i c  c o r r e l a t i o n  

b e t w e e n  l a m b s  w e a n e d  a n d  n e o n a t a l  s u r v i v a l  a n d  p o s t n a t a l  s u r v i v a l  

o f  .34 and .55 , and b e tw e en  lam bs  w eaned and w e ig h t  w eaned (.94).

P o s i t i v e  c o r r e l a t i o n s ,  some h i g h ly ,  s i g n i f i c a n t  w e re  found  among 

l i v a b i l i t y  and l i t t e r  w e ig h t  a t  d i f f e r e n t  t im e s .  M a r t in  e t  a l .  (1980) 

a l s o  f o u n d  h i g h  c o r r e l a t i o n s  am ong l i t t e r  w e i g h t  r a n g i n g  f r o m  .57  

t o  .9 5 .  F o g a r t y  e t  a l .  (1 9 8 2 )  f o u n d  a , v e r y  low  p h e n o t y p i c  c o r r e l a t i o n  

b e tw e e n  n e o n a ta l  and p o s t n a t a l  s u r v i v a l  ( .08).

T he  r e s i d u a l  c o r r e l a t i o n  i n v o l v i n g  w e i g h t  a t  m a t i n g  a n d  

p o s tp a r tu m  w e ig h t  w i t h  l i t t e r  t r a i t s  and  l i v a b i l i t i e s  w e re  m o s t ly  lo w  

and some w ere  n e g a t iv e .  Some d id  n o t  d i f f e r  front z e r o  s t a t i s t i c a l l y .



TABLE 50. RESIDUAL CORRELATIONS AMONG LITTER SIZE BORN (L SH E ), LITTER SIZE WEANED (LSWEAN), NEONATAL 
SURVIVAL (NSURV), LIVABILITY AT 30 D (LIV30), LIVABILITY AT 60 D (LIV60), LIVABILITY AT 90 D (LIV90), 
LITTER WEIGHT AT BIRTH (LlWB), LITTER WEIGHT AT 30 D (LTWT30), LITTER WEIGHT AT 60 D (LTWT60), LITTER 
WEIGHT AT 90 D (L1WT90), MATING WEIGHT (MlWT) AND POSTPARlUM WEIGHT (PPWT) UNDER VILLAGE AND EXPERIMENT

STATION CONDITIONS

(I) (2 ) (3 ) (4 ) (5 ) (6 ) (7 ) (8) (9) (10) (ID

V illa g e  (N= 185)
(1 ) LSIZE
(2) LSWEAN .4 8 ”
(3 ) NSURV -.3 1 * " .11
(4 ) LIV30 - .1 6 * .4 8 ” .2 6 ”
(5 ) LIV60 — .06 .6 7 ” .1 9 ” .7 6 ”
(6) LIV90 - .0 3 .7 4 ” .16* .7 0 ” .9 2 ”
(7) LlWB .5 8 ” .4 7 6 ” .08 .01 .06 .0 8
(8) LIW130 .2 6 ” .65«« .17* .6 3 ” .51** .4 8 ” .51««
(9 ) L1WT60 .3 1 ” .7 9 ” .12 .5 2 ” .7 1 ” .6 7 ” .4 7 ” .8 5 ”

(10) L1WT90 .29* .84** .08 .5 2 ” .70** .77** .4 2 ” .7 9 ” .9 4 ”
(11) MlWT .10 - .1 4 - .0 1 — .07 ■•11 - .1 6 * .12 .02 -.0 1 i g

(12) PPWT .06 .03 - .0 1 .11 .09 .02 .14« .2 0 ” .19* .17* .67**

Exoerlment s ta t io n  (N=125l
(1 ) LSIZE
(2) LSWEAN .50**
(3 ) NSURV -.2 0 * .3 0 ”
(4) LIV30 - .1 5 .63** .29**
(5 ) LIV60 - .1 7 .6 4 ” .2 8 ” .9 8 ”
(6) LIV90 - .2 0 * .6 4 ” .33** .95** .9 6 ”
(7) LlWB .7 1 ” .5 4 ” .20« .05 .02 .02
(8) LlW 130 .2 6 ” .81** .34«« .75«* .72** .6 8 ” .4 2 ”
(9 ) L1WT60 .2 8 ” .8 1 ” .2 8 ” .7 0 ” .7 1 ” .6 5 ” .3 9 “ .9 4 ”

(10) LTWT90 .2 8 ” .8 6 ” .3 5 ” .70** .7 1 ” .70*« .4 3 ” .9 4 ” .9 6 ”
(11) MlWT .20* .13 .10 .08 .08 .06 .2 5 ” .18« .23« .2 3 ”
(12) PPWT — *02 .06 .15 .17 .16 .15 .17 .18* .20* .20* .7 1 ”

"* (p < .0 1 ), « (p< .05)
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The r e s i d u a l  c o r r e l a t i o n  b e t w e e n  m a t i n g  w e i g h t  a n d  l i t t e r  s i z e  a t  

b i r t h  i n  t h e s e  r e s u l t s  w e re  .10 and .20, u n d e r  v i l l a g e  and e x p e r im e n t  

s t a t i o n  c o n d i t i o n s ,  r e s p e c t i v e l y .  These w ere  i n  t h e  r a n g e  o f  va lue 's  

f r o m  p r e v i o u s  s t u d i e s .  F o r r e s t  a n d  B i c h a r d  (1 9 7 4 b )  r e p o r t e d  a  

c o r r e l a t i o n  be tw e en  body w e ig h t  o f  ewes and number o f  lam b s  b o rn  p e r  

ew e p r e s e n t  a t  l a m b i n g  o f  .1 0 ,  a n d  P u r s e r  ( 1965) i n  a  s t u d y  on  

B la c k fa c e  and Welsh ewes found  p h e n o ty p ic  c o r r e l a t i o n s  o f  .23 and .25 ,

r e s p e c t i v e l y .  The r e s i d u a l  c o r r e l a t i o n s  b e t w e e n  m a t i n g  w e i g h t  a n d  

l i t t e r  w e i g h t  a t  b i r t h  i n  t h i s  s t u d y  ( .1 2  an d  .2 5 ,  r e s p e c t i v e l y  f o r  

v i l l a g e s  a n d  t h e  e x p e r i m e n t  s t a t i o n )  w e r e  a l s o  i n  t h e  r a n g e  o f  

c o r r e l a t i o n s  r e p o r t e d  by N ew to n  a n d  F e n l o n  (1979 )  i n  a  s t u d y  on tw o  

f l o c k s  o f  Masham ew es (.10 and .08, r e s p e c t i v e l y ) ,  and t h e  f i n d i n g s  o f  

M a r t i n  e t  a l .  (1 9 8 0 )  who f o u n d  a  p h e n o t y p i c  c o r r e l a t i o n  o f  .4 8 .  

However, th e  c o r r e l a t i o n s  be tw een  m a t in g  w e ig h t  and p o s tp a r tu m  w e ig h t  

w i t h  t h e  o t h e r  l i t t e r  t r a i t s  w e re  n o t  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  

r e p o r t e d  by M a r t i n  e t  a l .  (1 9 8 0 )  who f o u n d  p o s i t i v e  c o r r e l a t i o n s  

b e tw e en  m a t in g  w e ig h t  and l i t t e r  t r a i t s ,  and m o s t ly  low and n e g a t i v e  

c o r r e l a t i o n s  be tw een  p o s tp a r tu m  w e ig h t  and l i t t e r  t r a i t s .

Lambing i n t e r v a l .  A n a ly s i s  o f  v a r i a n c e  ( t a b l e  51) i n d i c a t e d ,  t h a t  

u n d e r  v i l l a g e  c o n d i t i o n s  l o c a t i o n ,  ty p e  o f  b i r t h ,  ewe a g e ,  y e a r s  and 

m on ths  had no s i g n i f i c a n t  e f f e c t s  on l a m b in g  i n t e r v a l .  The e x p e r im e n t  

s t a t i o n  d a t a  i n d i c a t e d  t h a t  b r e e d ,  t y p e  o f  b i r t h ,  y e a r s  a n d  m o n th s  

w e r e  n o t  i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n ,  b u t  l i n e a r  a n d  q u a d r a t i c  

r e g r e s s i o n s  o f  l a m b in g  i n t e r v a l  on ewe age  w ere  s i g n i f i c a n t .

158

f -/



159

L e a s t  s q u a r e s  means ( t a b l e  52) showed t h a t  la m b in g  i n t e r v a l  means 

unde r  v i l l a g e  and e x p e r im e n t  s t a t i o n  c o n d i t i o n s  w ere  a lm o s t  th e  same 

(259.3 and 252.4 d, r e s p e c t i v e l y ) .  These r e s u l t s  w ere  c o n s i s t e n t  w i th  

t h e  r e v i e w  r e p o r t e d  by M ason (1 9 8 0 )  who i n d i c a t e d  t h a t  l a m b i n g  

i n t e r v a l  o f  8 to  9 mo was m ost u s u a l .

TABLE 51 . ANALYSIS OF VARIANCE OF LAMBING INTERVAL (D) UNDER VILLAGE 
AND EXPERIMENT STATION CONDITIONS

V i l l a g e
S ource  o f  v a r i a t i o n d f  Mean s q u a re s d f  Mean s q u a r e s

L o c a t io n Z b re e d a I 2 ,5 5 2 .6 I 104.4
Type o f  b i r t h I 9 ,1 9 0 .6 3 3 ,4 1 7 .8
Ewe age 3 4 ,0 0 4 .8
Year 2 9 ,4 3 7 .2 2 1 2 ,3 6 9 .2 +
Month 11 5 ,0 1 8 .1 11 7 ,1 9 4 .5 +
Year x Ewe age 6 1 2 ,827 .7+
R e g r e s s io n s  
Ewe age l i n e a r I 1 8 ,2 2 6 .2 *
Ewe age  q u a d r a t i c I 2 9 ,9 6 0 .3 * «
R e s id u a l 58 6 ,5 5 7 .2 93 4 ,1 1 2 .9

a L o c a t io n  i n  v i l l a g e  d a t a ,  b re e d  i n  e x p e r im e n t  s t a t i o n  d a t a .  
** ( p < .0 1 ) ,  « ( p < .0 5 ) ,  + ( p < - 1 ) .

Even though  l o c a t i o n s  w ere  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 ,  ewes from  

CIR ten d e d  to  have a s h o r t e r  l a m b in g  i n t e r v a l  th a n  ew es from  CIB. The 

d i f f e r e n c e s  m ig h t  be due t o  th e  d i f f e r e n c e s  i n  b r e e d in g  management, 

w h ic h  i n  CIB w as  h a n d  m a t i n g ,  w h i l e  i n  CIR pen o r  m a s s  m a t i n g  w as  

a p p l i e d .

An e f f e c t  o f  t h e  number o f  lam bs  p ro d u ced  by ewes i n d i c a t e d  t h a t  

ewes w i t h  l a r g e  l i t t e r s  t e n d e d  t o  have  l o n g e r  la m b in g  i n t e r v a l ,  even  

th o u g h  t h i s  e f f e c t  l a c k e d  s i g n i f i c a n c e  ( p > .1 ) .  S i m i l a r  t e n d e n c y  w as
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r e p o r t e d  by L e v i n e  an d  S p u r l o c k  ( 1983) i n  a s t u d y  on  B a r b a d o s  

B la c k b e l ly  i n  C a l i f o r n i a  who found  t h a t  la m b in g  i n t e r v a l  o f  ewes w i th  

s i n g l e s  and  t w i n s  w e r e  2 1 9 .2  and  221 .1  d a y s ,  b u t  f o r  e w e s  w i t h  

t r i p l e t s  th e  la m b in g  i n t e r v a l  was 238.4 days .

TABLE 52 . LEAST SQUARES MEANS AND STANDARD ERRORS OF LAMBING INTERVAL 
(LINT) CLASSIFIED ACCORDING TO SOME MAIN EFFECTS AND COVARIATE UNDER 

VILLAGE AND EXPERIMENT STATION CONDITIONS

V i l l a g e fiXPSriffl£nt s t a t i o n
V a r i a b l e s No. LINT (d) No. LINT (d )

U 83 259 .3 ± 2 0 .9 113 252 .4  ± 16.2
L o c a t io n

CIB 70 268 .2 ±  18.3
CIR 13 250 .4 ± 3 0 .8

B reed
JTT • • • 100 2 5 4 .3  ±  10 ,8
FT • • , 13 2 5 0 .5  ± 26 .3

Type o f  b i r t h
I 51 245 .4 ± 2 0 .5 40 2 4 5 .5  ±  16.9
2 32 273-2 ± 2 7 .0 39 2 4 6 .9  ±  17.4
3 23 2 3 8 .7  ±  2 2 .0
4 11 2 7 8 .6  ± 2 5 .9

Ewe age
I 22 232 .5 ±  3 6 .4
2 33 274 .6 ± 25 .3
3 22 249.1 ± 26 .2
4 6 2 8 1 .0 ±  41 .6

R e g r e s s io n  t r a i t
on ewe age

l i n e a r  (day/m o) - 2 . 1 0  ± 1 .00
q u a d r a t i c  (day/m o2 ) .14 ±  .05
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L i n e a r  and  q u a d r a t i c  r e g r e s s i o n  c o e f f i c i e n t s  o f  l a m b in g  i n t e r v a l  

on  ewe a g e  u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  ( t a b l e  52 )  i n d i c a t e d  

t h a t  la m b in g  i n t e r v a l  becam e s h o r t e r  w i t h  ad v a n c in g  age  o f  ewe u n t i l  a 

c e r t a i n  a g e  w a s  r e a c h e d  t h a n  b e c a m e  l o n g e r  a f t e r  t h a t  a g e .  B a s e d  on 

t h e  l i n e a r  and q u a d r a t i c  r e g r e s s i o n  c o e f f i c i e n t s  t h e  age  t h a t  had th e  

s h o r t e s t  l a m b in g  i n t e r v a l  w as 32 .8  m o n th s .  U nder  v i l l a g e  c o n d i t i o n s  

t h e  e f f e c t  o f  ew e a g e  a t  l a m b i n g  h a d  no g e n e r a l  p a t t e r n  a n d  sh o w e d  

v a r i a b i l i t y .  U n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  t h e  r e s u l t s  w e r e  

s i m i l a r  t o  t h e  f i n d i n g s  o f  L e v i n e  an d  S p u r l o c k  (1 9 8 3 )  who r e p o r t e d  

t h a t  la m b in g  i n t e r v a l  was d e p e n d en t  upon th e  s u c c e s s i v e  p a r i t i e s  w i th  

t h e  l o n g e s t  i n t e r v a l  b e tw e e n  f i r s t  and se co n d  la m b in g  and  t h e  s h o r t e s t  

b e t w e e n  s e c o n d  a n d  t h i r d  l a m b i n g .  D e t t m e r s  (11983) i n  a  s t u d y  o f  

N i g e r i a n  ewes n o te d  t h a t  la m b in g  i n t e r v a l  was l o n g e r  b e tw e e n  f i r s t  and 

second  p a r i t y ,  b u t  a s  p a r i t y  advanced  and ewes aged , l a m b in g  i n t e r v a l  

d e c r e a s e d .

Y ears  and m on ths  o f  la m b in g  had  no s i g n i f i c a n t  e f f e c t  on la m b in g  

i n t e r v a l ,  e v e n  th o u g h  t h e r e  w e r e  d i f f e r e n c e s  i n  m e a n s  o f  l a m b i n g  

i n t e r v a l  y e a r  by y e a r  o r  month by month a s  shown i n  a p p e n d ix  t a b l e  76. 

The f l u c t u a t i o n  y e a r l y  and m on th ly  i n  t h e  v i l l a g e s  and th e  e x p e r im e n t  

s t a t i o n  w e r e  due  m o s t l y  t o  t h e  v a r i a t i o n  i n  l e n g t h  o f  t i m e  f ro m  

p a r t u r i t i o n  t o  e x p o s u r e  t o  a  r a m ,  a s  w e l l  a s  v a r i a t i o n  i n  l e n g t h  o f  

p o s t p a r t u m  a n e s t r u s  a n d  r a t e  o f  c o n c e p t i o n  a t  f i r s t  a n d  s u b s e q u e n t  

e s t r u s e s  a f t e r  p a r t u r i t i o n .

R e s u l t s  o f  t h e  s tu d y  i n d i c a t e d  t h a t  u n d e r  v i l l a g e  and e x p e r im e n t  

s t a t i o n  c o n d i t i o n s  e w e s  c o u l d  l a m b  a b o u t  1.41 an d  1 .45  t i m e s  a  y e a r .
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T h e r e f o r e ,  t h e  a v e ra g e  lam b  p r o d u c t i o n  p e r  ewe p e r  y e a r  t h a t  would be 

p r o d u c e d  a t  w e a n i n g  ( b a s e d  on t a b l e  %9) w as  14.6 k g  a n d  18 .3  k g ,  

r e s p e c t i v e l y ,  f o r  v i l l a g e s  and t h e  e x p e r im e n t  s t a t i o n .  However, t h e s e  

r e s u l t s  a r e  l o w e r  th a n  th e  p o t e n t i a l  o f  I n d o n e s ia n  s h e e p ,  p a r t i c u l a r l y  

JTT s h e e p  w h i c h  a r e  r e l a t i v e l y  p r o l i f i c  s h e e p .  W i t h o u t  c o n s i d e r i n g  

g e n e t i c  i m p r o v e m e n t  f o r  g r o w t h  t h e r e  a r e  tw o  w a y s  t o  i m p r o v e  l a m b  

p r o d u c t i o n  p e r  ewe a t  w ean ing . These a r e ;  ( I )  Reduce l a m b in g  i n t e r v a l ,  

and (2) Reduce lam b  m o r t a l i t y ,  e s p e c i a l l y  f o r  ewes b e a r i n g  m u l t i p l e  

lam b s .  From t h e s e  two m ethods  f o r  im p ro v in g  lam b p r o d u c t i o n  p e r  ewe 

p e r  y e a r  t h e  s e c o n d  m e th o d  i s  m o re  f a v o r a b l e ,  s i n c e  t h e  l a m b i n g  

i n t e r v a l  ,found  i n  t h i s  s tu d y  i s  c l o s e  t o  t h e  r e g u l a r  l a m b in g  i n t e r v a l  

t h a t  i s  c om m on ly  p r a c t i s e d .  S h o r t e r  l a m b i n g  i n t e r v a l  w o u ld  r e q u i r e  

b e t t e r  f e e d  s u p p ly  and pens  w hich  a r e  t h e  m ost c r i t i c a l  f a c t o r s .

Based on th e  l e a s t  s q u a r e s  means fo u n d  i n  th e  s tu d y  o f  In d o n e s ia n  

sheep  t h e r e  i s  some p o t e n t i a l  f o r  im p r o v in g  lam b p r o d u c t i o n  p e r  ewe 

p e r  y e a r  a s  shown i n  t a b l e  53. C o n s id e r in g  on ly  c h a n g in g  t h e  la m b in g  

i n t e r v a l  t o  8 mo an d  i m p r o v i n g  l a m b  s u r v i v a b i l i t i e s  t o  a r o u n d  81 t o  

85% th e  t o t a l  p r o d u c t io n  p e r  ewe p e r  y e a r  m ig h t  be i n c r e a s e d , by 14.1% 

an d  35.4% i n  t h e  v i l l a g e s  a n d  e x p e r i m e n t  s t a t i o n ,  r e s p e c t i v e l y .  The 

a r e a  t h a t  m e r i t s  m o s t  a t t e n t i o n  i s  s u r v i v a l  o f  l a m b s  b o r n  a s

m u l t i p l e s
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TABLE 53 . POTENTIAL LEVELS OF PERFORMANCE FOR SOME EWE TRAITS 
COMPARED TO LEAST SQUARES MEANS FOUND IN THIS STUDY

T r a i t s
Mean i n  t h i s  

s tu d y
P o s s ib l e

goa l
P e rc e n t

in c re m e n t

P a r t u r i t i o n  p e r  y e a r
V il la s re

1.41 1 .50 6 .3 8
L i v a b i l i t y  (%) 

S i n g le s 78 .3 90 .0 14.9
Twins 7 9 .2 80 .0 1 .0
T r i p l e t 6 5 .3 67 .0 2 .6

Lamb p r o d u c t io n  p e r  ewe 
p e r  lam b ing  (kg)

S i n g le s 7 .8 9 .0 14.9
Twins 12.1 12.2 1 .0
T r i p l e t 11.1 11.4 2 .6

W eighted a v e ra g e  lamb 
p r o d u c t io n  pe r  ewe 
p e r  lam b ing  (kg) 9 .5 10.2 7 .8

W eighted a v e ra g e  lamb 
p r o d u c t io n  pe r  ewe 
p e r  y e a r  (kg) 13.4 15.3 14.1

P a r t u r i t i o n  pe r  y e a r
E xoerim en t  s t a t i o n  

1 .45 1 .50 3 .44
L i v a b i l i t y  (? )  

S i n g le s 74 .4 90 .0 21 .0
Twins 61 .3 80 .0 4 6 .8
T r i p l e t s 54 .3 67 .0 23 .4
Q u a d r u p le t s 4 1 .9 50 .0 19-3

Lamb p r o d u c t i o n  p e r  ewe 
p e r  lam b ing  (kg)

S i n g le s 9 .5 11.5 21 .0
Twins 11 .9 17.5 4 6 .8
T r i p l e t s 14.1 17.4 23 .4
Q u a d r u p le t s 15.1 18.0 19.3

W eighted a v e ra g e  lamb 
p r o d u c t io n  per  ewe 
p e r  lam b ing  (kg) 11.3 14 .8 3 1 .0

W eighted a v e ra g e  lamb 
p r o d u c t io n  p e r  ewe 
p e r  y e a r  (kg) 16.4 22 .2 3 5 .4
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R e p e a t a b i l i t y  o f  ewe p e r fo rm a n c e  t r a i t s .  R e p e a t a b i l i t y  e s t i m a t e s  

o f  ewe w e ig h t  a t  m a t in g  was .78 and .61 unde r  v i l l a g e  and e x p e r im e n t  

s t a t i o n  c o n d i t i o n s ,  r e s p e c t i v e l y  ( t a b l e  5 4 ) .  B o th  u n d e r  v i l l a g e  and  

e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  t h e  r e p e a t a b i l i t i e s  w e r e  t y p i c a l  o f  

r e p o r t e d  v a l u e s  from  p r e v io u s  s t u d i e s  w hich  i n c lu d e d  e s t i m a t e s  o f  .53 

(N e w to n  an d  F e n l o n ,  1 9 7 9 ) ;  .48  i n  N i g e r i a n  s h e e p  c r o s s e s  w i t h  e x o t i c  

b r e e d  ( B u v a n e n d r a n  e t  a l . , 1 9 8 1 ) ;  .5 7  and  .4 8  i n  c r o s s b r e d  e w e s  i n  tw o  

p l a c e s  i n  t h e  U n i t e d  K ingdom  ( Y a l c i n  a n d  B i c h a r d ,  1 9 6 4 b ) ;  .81 i n  

c r o s s b r e d  o f  I n d i a n  s h e e p  w i t h  e x o t i c  b r e e d  ( K i s h o r e  e t  a l . ,  

1 9 8 2 ) ;  .61 i n  c r o s s b r e d  e w e s  ( C l a r k e  a n d  H o h e n b o k e n ,  1 9 8 3 ) ;  .62  i n  

s y n t h e t i c  l i n e  o f  sheep  ( M a r t in  e t  a l . ,  1981).

TABLE 54. REPEATABILITY OF MATING WEIGHT (MTWT) AND POSTPARTUM (PPWT) 
UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS3

V illage Experiment s ta tio n
MTWT PPWT MTWT PPWT

No. o b s e r v a t i o n 167 248 98 114
No. ewes 122 168 74 75
kb 1.24 1 .35 1.13 1.28

Oe2 10.73 7.81 11.07 12.26

0 W2 3 .0 7 3 .6 4 7 .0 3 7 .5 9
R e p e a t a b i l i t y .78 .68 .61 .62
S ta n d a rd  e r r o r .06 .06 .1 8 .12

a Analysis of variance in  appendix tab le  77. 
b Weighted average number records per ewe.

R e p e a t a b i l i t y  o f  p o s tp a r tu m  w e ig h t  ( t a b l e  54) found  i n  t h i s  s tu d y  

w as  .68  an d  .6 2 ,  r e s p e c t i v e l y ,  u n d e r  v i l l a g e  and  e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s .  As was t h e  c a se  i n  m a t in g  w e ig h t  unde r  v i l l a g e  c o n d i t i o n s ,
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p o s t p a r t u m  w e i g h t  r e p e a t a b i l i t y  was i n  t h e  r a n g e  o f  v a l u e s  f ro m  

p r e v io u s  s t u d i e s .  The e s t i m a t e s  i n c l u d e d  .54 f o r  c r o s s b r e d  o f  I n d ia n  

s h e e p  w i t h  e x o t i c  b r e e d  ( K i s h o r e  e t  a l . ,  I 9 8 2 ) ;  an d  .7 4  i n  s y n t h e t i c  

l i n e  o f  s h e e p  ( M a r t i n  e t  a l . ,  1 981 ) .

Low r e p e a t a b i l i t y  e s t i m a t e s  o f  l i t t e r  s i z e  b o rn  ( t a b l e  55) w ere  

found  i n  t h i s  s tu d y  (.22 and .12, u n d e r  v i l l a g e  and e x p e r im e n t  s t a t i o n  

c o n d i t i o n s ,  r e s p e c t i v e l y ) .  Low e s t i m a t e s  o f  r e p e a t a b i l i t y  o f  l i t t e r  

s i z e  w e r e  a l s o  f o u n d  i n  m o s t  p r e v i o u s  s t u d i e s .  P r e v i o u s  e s t i m a t e s  

i n c l u d e d  . 0 5  i n  N o r w e g i a n  a n d  S w e d i s h  b r e e d  ( E i k j e ,  1 9 7 5 ;  

R ende l ,1956 );  .04 to  .12 i n  c r o s s b r e d  ew es i n  t h r e e  l o c a t i o n s  (Y a lc in  

and B ic h a rd ,  1964b); .12 and .15 i n  two f l o c k s  o f  R a m b o u i l le t  i n  Texas 

( S h e l to n  and M enzies ,  1970); .17 and .16 i n  1 /2  F inn  x 1/2 R a m b o u i l le t  

an d  1 /4  F i n n  x 3 / 4  R a m b o u i l l e t ,  r e s p e c t i v e l y  ( N o t t e r ,  1 9 8 1 ) ;  .1 9  i n  

c r o s s b r e d  e w e s  ( C l a r k e  an d  H o h e n b o k e n ,  1 9 8 3 ) ;  .20  a n d  .35  i n  M e r in o  

and B o o ro o la  x M erino  ew es ,  r e s p e c t i v e l y  ( Lewer and A l l i s o n ,  1980).

TABLE 55. REPEATABILITY OF LITTER SIZE BORN (LSIZE) AND LITTER SIZE 
WEANED (LSWEAN) UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS3

YillaRe E xnerim ent s t a t i o n
LSIZE LSWEAN LSIZE LSWEAN

No. o b s e r v a t i o n 249 231 228 105
No. ewes 168 164 115 74
kb 1.39 1.22 1.84 1.17

Oe2 .073 .0012 .102 .057
0 W2 .261 .324 .774 .375

R e p e a t a b i l i t y .22 .004 .12 .13
S ta n d a r d  E r ro r .13 .21 .10 .33

a A n a ly s i s  o f  v a r i a n c e  i n  a p p e n d ix  t a b l e  78 . 
b W eighted a v e ra g e  number r e c o r d s  pe r  ewe.
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R e p e a t a b i l i t y  e s t i m a t e s  o f  l i t t e r  s i z e  w e a n e d  ( t a b l e  55) w e r e  

a l s o  lo w .  The r e s u l t s  w e r e  .004  a n d  .1 3 ,  r e s p e c t i v e l y ,  u n d e r  v i l l a g e  

and e x p e r im e n t  s t a t i o n  c o n d i t i o n s .  P r e v io u s  s t u d i e s  a l s o  i n d i c a t e d  low 

e s t i m a t e s  o f  r e p e a t a b i l i t y  o f  l i t t e r  s i z e  w e a n e d .  The e s t i m a t e s  

i n c l u d e d  .0 2  i n  s y n t h e t i c  l i n e  s h e e p  ( M a r t i n  e t  a l . ,  1 9 8 1 ) ;  .0 8  i n  

A u s t r a l i a n  M e r in o  a n d  i n  c r o s s b r e d  e w e s  (Young e t  . a l . ,  196 3 ;  C l a r k e  

a n d  H o h e n b o k e n ,  19 8 3 ) ;  .0 7  an d  .1 0  i n  B l a c k f a c e  an d  W e lsh  e w e s  

( P u r s e r ,  1 9 6 5 ) ;  a n d  .0 8 ,  .10  a n d  .04 i n  e w e s  f^om  t h r e e  d i f f e r e n t  

l o c a t i o n s  i n  t h e  U n i te d  Kingdom (Y a lc in  and B ic h a rd ,  1964b).

E s t i m a t e s  o f  r e p e a t a b i l i t y  o f  l i v a b i l i t y  a t  b i r t h  ( t a b l e  56) 

u n d e r  v i l l a g e  c o n d i t i o n s  w e r e  q u i t e  h i g h ,  t h e  e x p e r i m e n t  s t a t i o n  

e s t i m a t e s  w e r e  l o w .  The c o r r e s p o n d i n g  v a l u e s  w e r e  .58  a n d  .0 8 ,  

r e s p e c t i v e l y .  However, u n d e r  e x p e r im e n t  s t a t i o n  c o n d i t i o n s  even  though 

th e  s t a n d a r d  e r r o r  was h ig h  th e  r e s u l t  was t y p i c a l  o f  r e p e a t a b i l i t y  o f  

n e o n a t a l  s u r v i v a l .  F o g a r t y  e t  a l .  ( 1982) f o u n d  t h a t  r e p e a t a b i l i t y  o f  

n e o n a t a l  s u r v i v a l  w a s  .15  a n d  .03  u s i n g  i n t r a c l a s s  c o r r e l a t i o n  a n d  

p o o le d  r e g r e s s i o n  e s t i m a t e s ,  r e s p e c t i v e l y .

R e p e a t a b i l i t i e s  o f  l i v a b i l i t y  a t  30» 60 a n d  90 d u n d e r  v i l l a g e  

c o n d i t i o n s  w e r e  .03» .13  an d  .1 1 ,  r e s p e c t i v e l y .  From  t h e  e x p e r i m e n t  

s t a t i o n  d a t a ,  t h e  c o r r e s p o n d i n g  v a l u e s  w e r e  . 3 2 , .29»  .27»  

r e s p e c t i v e l y .  Under v i l l a g e  c o n d i t i o n s  t h e  e s t i m a t e s  o f  r e p e a t a b i l t y  

w ere  t y p i c a l  o f  p r e v io u s  s t u d i e s ,  w h i l e  unde r  e x p e r im e n t  s t a t i o n  t h e  

e s t i m a t e s  w e r e  h i g h e r .  P r e v i o u s  s t u d i e s  i n c l u d e d  .0 6  a n d  .1 0  i n  tw o  

f l o c k s  o f  R a m b o u i l l e t  i n  T e x a s  ( S h e l t o n  a n d  M e n z i e s ,  19 7 0 ) ;  .11 

and .02 f o r  p o s t n a t a l  s u r v i v a l  e s t i m a t e d  u s in g  i n t r a c l a s s  c o r r e l a t i o n  

and p o o led  r e g r e s s i o n  e s t i m a t e s ,  r e s p e c t i v e l y  (F o g a r ty  e t  a l . ,  1982);
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and .16 and .15 i n  two M erino  f l o c k s  i n  A rm id a le ,  A u s t r a l i a  ( P ip e r  e t  

a l . ,  1982) .

R e p e a t a b i l i t y  o f  l i t t e r  w e ig h t  a t  b i r t h  ( t a b l e  56) u n d e r  v i l l a g e  

c o n d i t i o n  w a s  .1 7 ,  w h i l e  f o r  t h e  e x p e r i m e n t  s t a t i o n  d a t a  t h e  v a l u e  

w a s  .3 5 .  C o m p a re d  t o  t h e  p r e v i o u s  s t u d i e s ,  t h e  r e s u l t s  w e r e  i n  t h e  

r e p o r t e d  r a n g e  o f  r e p e a t a b i l i t y  o f  l i t t e r  w e i g h t .  P r e v i o u s  s t u d i e s  

e s t i m a t e s  w e r e  .2 5  ( M a r t i n  e t  a l . ,  1 9 8 1 ) ;  . 2 0  ( B l a c k w e l l  a n d  

H e n d e r s o n ,  19 5 5 ) ;  .25  ( B u v a n e n d r a n  e t  a l . ,  1 9 8 1 ) ;  .1 8  ( Y a l c i n  an d  

B i c h a r d ,  19 6 4 b ) ;  .3 4  a n d  .2 8  w i t h o u t  c o r r e c t i o n  t o  l i t t e r  s i z e  and  

w i th  c o r r e c t i o n  t o  mean b i r t h  w e ig h t ,  r e s p e c t i v e l y  (Newton and F e n lon, 

1979) .

R e p e a t a b i l i t y  o f  l i t t e r  w e i g h t  a t  3 0 ,  60 an d  90 d u n d e r  v i l l a g e  

c o n d i t i o n s  w a s  .0 8 ,  .1 4 ,  a n d  .0 8 .  The c o r r e s p o n d i n g  v a l u e s  u n d e r  

s t a t i o n  c o n d i t i o n s  w e re  .2 0 ,  .06 and .0 5 ,  r e s p e c t i v e l y .  These r e s u l t s  

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

Compared t o  p r e v io u s  s t u d i e s  t h e  e s t i m a t e s  found  i n  t h i s  s tu d y  w ere  

g e n e r a l l y  l o w e r .  P r e v i o u s  e s t i m a t e s  w e r e :  . 1 7 , . 11 a n d  .0 8  f o r  l i t t e r  

w e i g h t  a t  4 ,  8 ,  a n d  12 wk ( M a r t i n  e t  a l . » 1 9 8 i ) ;  . 1 9 ,  .2 0 ,  .2 1 ,  .1 9 ,  

.19  a n d  .17  f o r  l i t t e r  w e i g h t  a t  4 2 ,  6 3 ,  7 6 ,  84 , 115 d a n d  a t  w e a n in g  

a t  125 d (Y a lc in  and B ic h a rd ,  1964b); .08 f o r  l i t t e r  w e ig h t  a t  w eaning  

( B l a c k w e l l  a n d  H e n d e r s o n ,  19 5 5 ) ;  a n d  .16 f o r  l a m b  w e a n i n g  w e i g h t  

( E i k j e ,  1 9 7 5 ) .

r



TABLE 56. REPEATABILITY OF NEONATAL SURVIVAL (NSURV)1 LIVABILITY AT 30 D (LIV30), LIVABILITY AT 60 D 
(LIV60), LIVABILITY AT 90 D (LIV90), LITTER WEIGHT AT BIRTH (LTWB), LIITER WEIGHT AT 30 D (LTW130), LITTER 
WEIGHT AT 60 D (LTWT60) AND LITTER WEIGHT AT 90 D (LTWT90) UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

NSURV LIV30 LIV60 LIV90 LlWB LlW T30 LlW T60 LlW T90

Y i l l a r e a
No. observa tion 2U9 249 237 233 236 235 223 218
No. ewes 168 168 164 164 164 164 160 160
kb 1.37 1.36 1.32 1.29 1.32 1.27 1.28 1.25

a4 140.26 36.86 187.91 179.44 .12 .68 2.79 2.63
aW2 102.90 1,112.30 1,300.43 1,443.00 .61 7.53 16.61 28.86

R e p ea tab i l i ty .58 .03 .13 .11 .17 .08 .14 .08
Standard Error .08 .15 .16 .17 .15 .18 .17 .19

Exnerlment s t a t i o n 3
No. obse rva tion 108 108 108 105 108 108 108 105
No. ewes 75 75 75 74 75 75 75 74
kb 1.19 1.23 1.23 1.21 1.22 1.23 1.23 1.21

28.42 459-30 426.13 399.69 • 36 2.95 2.29 2.78
0W2 344.76 963.61 1,038.78 1,060.11 .69 11.81 35.56 51.07

R ep e a ta b i l i ty .08 .32 .29 .27 .35 .20 .06 .05
Standard Error .32 .22 .23 .25 .23 .26 .29 .32

a Analysis o f  v a riance  i n  appendix t a b le s  79 and 80. 
k Weighted average number reco rds  per ewe.
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F i n a l l y ,  th e  r e p e a t a b i l i t y  e s t i m a t e  o f  l a m b in g  i n t e r v a l  found i n  

t h i s  s t u d y  w a s  .OH ( t a b l e  57 ) .  Low e s t i m a t e s  o f  r e p e a t a b i l i t y  o f  

l a m b i n g  i n t e r v a l  s u g g e s t e d  t h a t  e n v i r o n m e n t a l  e f f e c t s  s u c h  a s  

m a n a g e m e n t  d e c i s i o n s  p l a y  a n  i m p o r t a n t  r o l e  c o m p a r e d  t o  g e n e t i c  

e f f e c t s .  However, t h i s  r e s u l t  was l o w e r  th a n  th e  e s t i m a t e  o f  K ish o re  

e t  a l .  (1982) who r e p o r t e d  a  r e p e a t a b i l i t y  o f  .18.

TABLE 57 . ANALYSIS OF VARIANCE AND REPEATABILITY OF LAMBING INTERVAL 
(D) UNDER EXPERIMENT STATION CONDITIONS

Source of varia tion df
Lambi n<z in terv a l

Mean squares

Ewe 5H H ,071 .29
Type of b irth  (TB) 3 1 ,3 9 7 .3 5
Year (Y) 2 247 .03
Month 11 7 ,7 7 7 .5 7 +
TB x Y 
Regressions

6 4 ,4 7 3 .7 2

Ewe age lin ea r I 794.51
Ewe age quadratic I 1 5 ,7 2 8 .6 9 "
Residual 21 3 ,8 8 1 .3 3

No. observation 100
No. ewes 55
ka 1.37

138.77
a 2
W 3 ,8 8 1 .3 3

R epeatability .04
Standard error .27

a Weighted average of number records per ewe. 
•  ( p < . 0 5 ) , + ( P < .1 ) .
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H e r i b a b i l i t v  and g e n e t i c  c o r r e l a t i o n s  o f  p re w e a n in g  g ro w th  c h a r a c t e r s

H e r i t a b i l i t v .  The h e r i t a b i l i t y  e s t i m a t e  o f  b i r t h  w e ig h t  ( t a b l e  

58 ) u n d e r  v i l l a g e  c o n d i t i o n s  w a s  h i g h  (h^  = . 63 )» w h i l e  u n d e r  

e x p e r im e n t  s t a t i o n  c o n d i t i o n s  th e  e s t i m a t e s  was low  (h^ = .13). Both a t  

t h e  v i l l a g e s  and e x p e r im e n t  s t a t i o n  th e  e s t i m a t e s  had  h ig h  s t a n d a r d  

e r r o r .  Under v i l l a g e  c o n d i t i o n s  t h e  e s t i m a t e  was h i g h e r  t h a n  m ost o f  

p r e v i o u s  s t u d i e s ,  w h i l e  t h e  e x p e r i m e n t  s t a t i o n  r e s u l t  w as  i n  t h e  

t y p i c a l  r a n g e  o f  h e r i t a b i l i t y  e s t i m a t e s .  P re v io u s  e s t i m a t e s , w ere  .61 

i n  5 A m e r ic a n  b r e e d s  ( N e l s o n  a n d  V e n k a t a c h a l a m ,  1 9 4 9 ) ;  .4 5  i n  I n d i a n  

s h e e p  ( D a s s  a n d  A c h a r y a ,  1 9 7 0 ) ;  .3 4  i n  O s s i m i  s h e e p  ( R agab  e t  a l . ,  

1953); .33 i n  4 b r e e d s  o f  sh e ep  u n d e r  fa rm  f l o c k  c o n d i t i o n s  (B la c k w e l l  

and  H e n d e r s o n ,  19 5 5 ) ;  .16  i n  R ahm an i s h e e p  (K aram , 19 5 9 ) ;  .1 2  i n  

N o r w e g i a n  s h e e p  ( G j e d r e m ,  1 9 6 7 ) ;  .10  i n  I n d i a n  s h e e p  (C h o p ra  an d  

A c h a r y a ,  I 9 7 1 a ) ;  .1 7  an d  .2 4  i n  a  s y n t h e t i c  l i n e  o f  s h e e p  ( M a r t i n  e t  

a l . ,  19 8 0 ) ;  .13  i n  C h io s  s h e e p  ( M a v r o g e n i s  e t  a l . , 1 9 8 0 ) ;  .14  i n  A w a ss i  

s h e e p  ( A l r a w i  e t  a l . , 1 9 8 2 ) ;  .1 2  t o  .31  i n  c r o s s b r e d ,  R a m b o u i l l e t ,  

T a r g h e e  a n d  C o lu m b ia  ( E r c a n b r a c k  a n d  P r i c e ,  19 7 2 ) ;  .4 5  a n d  .19  i n  a 

h ig h  m anagement f l o c k  and a  low m anagement f l o c k ,  r e s p e c t i v e l y .

H igh  h e r i t a b i l i t y  e s t i m a t e s  w e r e  o b t a i n e d  f o r  w e i g h t  a t  3 0 ,  60 

an d  90 d o f  a g e  w e a n i n g .  The e s t i m a t e s  u n d e r  v i l l a g e  c o n d i t i o n s  an d  

e x p e r im e n t  s t a t i o n  c o n d i t i o n s  f o r  c o r r e s p o n d in g  w e ig h t s  w e re  .69, .71» 

an d  1,07 a n d  .4 4 ,  .5 9  a n d  .8 4  ( t a b l e  5 8 ) .  T h i s  s u g g e s t s :  t h a t  w i t h  

a d v a n c i n g  a g e  t h e  w e i g h t  a t  t h e  c o r r e s p o n d i n g  a g e  i s  m o re  h i g h l y  

h e r i t a b l e .  A lthough  th e  r e s u l t s  h e r e  a r e  h i g h e r  th a n  p r e v i o u s  s t u d i e s ,  

a  s i m i l a r  te n d e n c y  was r e p o r t e d  by s e v e r a l  w o rk e rs ,  su ch  a s  Gjedrem
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(1967) who r e p o r t e d  t h e  h e r i t a b i l i t y  o f  w e ig h t  a t  14, 28 , 42 d and a t  

w e a n i n g  w e i g h t  a s  .1 2 ,  .1 2 ,  .1 3 ,  a n d  .1 8 ;  a n d  M a v r o g e n i s  e t  a l t  ( I 980) 

f o u n d  h e r i t a b i l i t y  o f  w e i g h t  i n  C h i o s  s h e e p  a t  5 ,  10 a n d  20 wk t o  

b e  .3 4 ,  .63  a n d  .6 6 .  W ith  r e s p e c t  t o  w e a n i n g  w e i g h t ,  t h e  e s t i m a t e s  o f  

h e r i t a b i l i t y  f ro m  t h e  e x p e r i m e n t  s t a t i o n  d a t a  w as  i n  t h e  r a n g e  o f  

e s t i m a t e s  f r o m  s t u d i e s  o f  t r o p i c a l  s h e e p ,  s u c h  a s  D a s s  a n d  A c h a ry a  

(1 9 7 0 )  -  .6 7  i n  I n d i a n  s h e e p ;  A l r a w i  e t  a l .  (1 9 8 2 )  -  .73  i n  A w a ss i  

s h e e p ;  a n d  Khan a n d  B h a t  (1 9 8 1 )  -  .85  i n  c r o s s b r e d  l a m b s  o f  I n d i a n  

sh e ep  x C o r r i e d a l e.

The h e r i t a b i l i t y  e s t i m a t e s  o f  p r e w e a n i n g  d a i l y  g a i n  ( t a b l e  58) 

w a s  h i g h  u n d e r  b o t h  v i l l a g e  a n d  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s .  The 

e s t i m a t e s  w e r e  1 .12 an d  . 7 3 ,  r e s p e c t i v e l y .  The v a l u e s  r e p o r t e d  h e r e  

a r e  h i g h e r  t h a n  p r e v i o u s  s t u d i e s .  M a v r o g e n i s  e t  a l ,  (1 9 8 0 )  r e p o r t e d  

t h e  e s t i m a t e s  o f  a v e r a g e  d a i l y  g a i n  f r o m  b i r t h  t o  w e a n i n g  a s  .3 5 ;  

T h r i f t  e t  a l .  (1 9 7 3 )  f o u n d  a n  e s t i m a t e s  h e r i t a b i l i t y  o f  g a i n  f r o m  

b i r t h  t o  w e a n i n g  o f  . 0 9 ;  E r c a n b r a c k  a n d  P r i c e  (1 9 7 2 )  e s t i m a t e d  

h e r i t a b i l i t y  o f  a v e r a g e  d a i l y  g a i n  f r o m  b i r t h  t o  w e a n i n g  t o  r a n g e  

f r o m  .14  t o  .39  i n  C r o s s b r e d ,  R a m b o u i l l e t ,  T a r g h e e ,  a n d  C o lu m b ia ;  

A lra w i  e t  a l .  (1982) i n  a  s tu d y  on Awassi sh e ep  found  t h e  h e r i t a b i l i t y  

o f  g a i n  f r o m  b i r t h  t o  w e a n i n g  a s  .2 9 ;  a n d  D a ss  a n d  A c h a r y a  (1970 )  

r e p o r t e d  t h e  h e r i t a b i l i t y  o f  g a i n  o f  t h e  f i r s t ,  s e c o n d ,  t h i r d  aq d  

f o u r t h  m o n th s  t o  be  . 1 2 ,  . 3 3 , 1 .1 1 ,  a n d  . 6 7 ,  r e s p e c t i v e l y .

G e n e t ic  c o r r e l a t i o n __among p re w e a n in g  g ro w th  c h a r a c t e r s .  The

g e n e t i c  c o r r e l a t i o n s  be tw e en  b i r t h  w e ig h t  and o t h e r  p re w e a n in g  g row th  

c h a r a c t e r s  ( 30 and 60 d w e i g h t s ,  w ean in g  w e ig h t  (90 d) and  p rew e an in g  

d a i l y  g a i n )  w e r e  l o w ,  an d  i n  t h e  e x p e r i m e n t  s t a t i o n  d a t a  m o s t  w e r e
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n e g a t i v e  ( t a b l e  59). M avrogen is  e t  a l .  (1980) found  t h a t  b i r t h  w e ig h t  

h a d  l o w  g e n e t i c  c o r r e l a t i o n  w i t h  t h e  s u b s e q u e n t  w e i g h t  

( r _ = . l 6  t o  . 2 1 ) ,  b u t  a l l  w e r e  p o s i t i v e .  Low and  p o s i t i v e  g e n e t i c  

c o r r e l a t i o n  b e t w e e n  b i r t h  w e i g h t  a n d  w e a n i n g  w e i g h t  ( r g = .10 )  w as 

r e p o r t e d  by Chopra and A charya  (1971a).

High and p o s i t i v e  g e n e t i c  c o r r e l a t i o n s  w ere  found  b e tw e e n  30 and 

60 d w e i g h t s ,  w e ig h t  a t  w ean ing  (90 d) and p re w e a n in g  d a i l y  g a in .  The 

e s t i m a t e s  r a n g e d  f r o m  .74  to. .98  a n d  f r o m  .55  t o  .9 8 ,  r e s p e c t i v e l y ,  

u n d e r  v i l l a g e  and e x p e r im e n t  s t a t i o n  c o n d i t i o n s .  The r e s u l t s  h e r e  w ere  

c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  G je d re m  (1 9 6 7 )  a n d  M a r t i n  e t  a l .  

(1980) who r e p o r t e d  e s t i m a t e s  o f  g e n e t i c  c o r r e l a t i o n  among w e ig h t  a t  

d i f f e r e n t  a g e  ( e x c l u d i n g  b i r t h  w e i g h t )  i n  t h e  r a n g e  o f  .4 2  t o  .97  

a n d  .7 3  t o  1 .0 4 ,  r e s p e c t i v e l y .  A l r a w i  e t  a l .  ( 1982) r e p o r t e d  t h a t  t h e  

g e n e t i c  c o r r e l a t i o n  b e tw e en  m a t in g  w e ig h t  and p re w e an in g  g a i n  was .71.



TABLE 58. HERITABILITY AND STANDARD ERRORS OF BIRTO WEIGHT (BW), WEIGHT AT 30-DAY (W30), WEIGHT AT 60-DAY 
(W60), WEIGHT AT 90-DAY (W90) AND PREWEANING DAILY GAIN (PREWG) UNDER VILLAGE AND EXPERIMENT

STATION CONDITIONS

BW W30 W60 W 90 PREWG

No. o bse rva t ion 248
V il la c e a

200 179 163 163
No. s i r e s 32 30 30 30 30
kb 6.15 4.76 4.57 3.94 3.94

.05 .26 .58 1.42 179.04
a W2 .27 1.24 2.70 3.91 461.51

H e r i t a b i l i t y .63 .69 .71 1.07 1.12
Standard E rror .25 • 30 .32 .36 .36

No. o bse rva t ion 280
RxneHment s t a t i o n 3

167 164 164 164
No. s i r e s 11 11 11 11 11
kb 15.40 8.99 8.66 8.80 8.80

.01 .12 .41 1.15 96.93
a W2 .30 .94 2.34 4.26 433.61

H e r i t a b i l i t y .13 .44 .60 .85 .73
Standard E rror .14 .28 .32 .36 • 34

a Analysis o f  va r ian ce  i n  appendix t a b le  81 
b Weighted average number records  per s i r e .



TABLE 59 . GENETIC CORRELATION AND STANDARD ERRORS AMONG BIRTH WEIGHT 
(BW), WEIGHT AT 30 D (W30), WEIGHT AT 60 D (W60), WEANING WEIGHT AT 90 
D (WWT) AND PREWEANING DAILY GAIN (PREWG) UNDER VILLAGE AND EXPERIMENT

STATION CONDITIONS

V i l l a g e E xper im en t  s t a t i o n

No. o b s e r v a t i o n 163 164
No. s i r e s 30 11
ka 3 .9 4 8 .80

aS2
BW ( 1 ) b .07 .04
W30 ( 2 ) b .39 .11
W60 ( 3 ) b .6 8 .37
WWT (H )0 1.42 1 .15
PREWG ( 5 ) c 179.04 96 .93

a 2
BW ( 1 ) b .21 .1 8
W30 ( 2 ) b 1 .20 .95
W60 ( 3 ) b 2 .5 4 2 .3 8
WWT ( 4 ) c 3 .91 4 .2 6
PREWG ( 5 ) c 461.51 433.61

0Sl 2 .033 .004

as13 .028 - . 0 1 7
aSlH .019 - . 0 1 7
° s 1 5 - . 5 2 - . 5 7
as23 .49 .1 9
as24 .5 9 .22
as25 6 .2 0 1 .80
as3H .97 .49
as35 10.47 4 .4 0

asH5 15.60 10.36
G e n e t ic  c o r r e l a t i o n  and
s t a n d a r d  e r r o r  ( r  ±SE)

rg12 .21 ±  .33 .07  ± .5 9
r g13 .13 ± .35 - . 1 5  ±  .54

r glH .06 ± .34 - . 0 9  ±  .50
r g15 - . 1 5  ±  .33 - . 3 1  ±  .49
r®g23 .94  ± .06 .95  ±  .10
r g2H .79 ±  .13 .61 ±  .35

r g25 .74  + .16 .55  ±  .3 9
r K3 H .98  ±  .03 .75  ± .23
r g35 .95  ±  .0 5 .7 3  ±  .24
r gH5 .98  ±  .02 .98  ±  .02

f- W eighted a v e ra g e  number r e c o r d s  pe r  s i r e .  
b A n a ly s i s  o f  v a r i a n c e  i n  ap p e n d ix  t a b l e  82 . 
c A n a ly s i s  v a r i a n c e  i n  a p p e n d ix  t a b l e  81.
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SUMMARY

S u r v i v a b i l i t y  and b i r t h  w e ig h t  o f  r a n g e  sheep  w ere  s t u d i e d  u s in g  

1 5 ,0 0 3  l a m b  r e c o r d s  o f  p u r e b r e d  R a m b o u i l l e t ,  T a r g h e e  a n d  C o lu m b ia  

s h e e p  b o r n  d u r i n g  t h e  y e a r s  I9 6 0  t o  1982 a t  t h e  Red B l u f f  R e s e a r c h  

R an ch ,  M o n ta n a  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  a t  N o r r i s ,  M o n ta n a .  

L e a s t  s q u a r e s  m ethod f o r  u n e q u a l  s u b c l a s s  number was u sed  t o  a n a ly z e  

s u r v i v a b i l i t y  f r o m  b i r t h  t o  60 d (SURV60), b i r t h  t o  120 d (SURV120) 

a n d  f ro m  60 d t o  120 d (SURV60120), d e f i n e d  a s  " a l l - o r - n o n e "  

c h a r a c t e r s ,  and b i r t h  w e ig h t .  The m odel u sed  b o th  f o r  s u r v i v a b i l i t i e s  

and b i r t h  w e ig h t  i n c l u d e d  random e f f e c t s  o f  s i r e s  w i t h i n  b r e e d - y e a r  

a n d  t h e  e f f e c t s  o f  b r e e d - y e a r ,  a g e  o f  dam , t y p e  o f  b i r t h ,  s e x ,  

a p p r o p r i a t e  tw o  way i n t e r a c t i o n s ,  l i n e a r  r e g r e s s i o n s  o f  t r a i t s  on 

b i r t h  d a t e .  D a ta  f o r  e a c h  b r e e d  w e r e  a n a l y z e d  s e p a r a t e l y  a n d  i n  a 

p o o l e d  t h r e e - b r e e d  a n a l y s i s .  S u r v i v a b i l i t y  d a t a  w e r e  a l s o  a n a l y z e d  

u s in g  th e  same m odel,  b u t  i n c l u d i n g  b i r t h  w e ig h t  w i t h i n  ty p e  o f  b i r t h  

a s  an  i n d e p e n d e n t  c o v a r i a t e .  To e v a l u a t e  b r e e d  d i f f e r e n c e s ,  a m o d e l  

t h a t  i n c l u d e d  b r e e d ,  y e a r ,  t y p e  o f  b i r t h ,  a g e  o f  dam , s e x  an d  

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

H e r i t a b i l i t y  o f  s u r v i v a b i l i t i e s  and b i r t h  w e ig h t  w ere  e s t i m a t e d  based  

on p a t e r n a l  h a l f - s i b  c o r r e l a t i o n .

P re w e a n in g  s u r v i v a l  r a t e s  ra n g e d  from  74.1% t o  78.4% w i th  mean o f  

75.8% f o r  t h e  t h r e e  b r e e d s  f ro m  b i r t h  t o  60 d o f  a g e  a n d  r a n g e d  f r o m  

6 8.9% t o  74.8% w i t h  m ean  o f  71.8% f ro m  b i r t h  t o  120 d o f  a g e .  

SURV60120 was r a n g e d  fro m  92.9% t o  95.1% w i t h  mean 94.4%. The T arghees
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showed h i g h e r  s u r v i v a b i l i t y  th a n  R a m b o u i l le t s  o r  C o lum bias .

Year e f f e c t s  w ere  s i g n i f i c a n t  s o u r c e s  o f  v a r i a t i o n  f o r  SURV60 and 

SURVI 20 b u t  t e n d e d  to  be l e s s  i m p o r t a n t  f o r  SURV60120.

Type o f  b i r t h  w as  g e n e r a l l y  f o u n d  t o  be a n  i m p o r t a n t  s o u r c e  o f  

v a r i a t i o n  i n  lam b  s u r v i v a b i l i t y .  When b i r t h  w e ig h t  was i n c l u d e d  i n  t h e  

model a s  a  c o v a r i a t e  t h e  e f f e c t  o f  ty p e  o f  b i r t h  t e n d e d  t o  be s m a l l e r  

th a n  when b i r t h  w e ig h t  was e x c lu d e d  from  t h e  m odel. H ig h e r  m o r t a l i t y  

was g e n e r a l l y  o b s e rv e d  i n  lam b s  b o rn  t w i n s  o r  t r i p l e t s  t h a n  s i n g l e -  

b o rn  lam b s .  However, v a r i a t i o n  among b re e d  was a l s o  found .

The e f f e c t  o f  s e x  w as  a n  u n i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  i n  

SURV60, SURV120 and SURV60120. However, i f  b i r t h  w e ig h t  was i n c lu d e d  

i n  t h e  m o d e l  s e x  a p p e a r e d  t o  a s s u m e  a  g r e a t e r  e f f e c t  on  SURV60 and  

SURV120, e x c e p t  f o r  th e  C olum bias .

Age o f  dam w as  n o t  a n  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  f o r  SURV60 

a n d  SURV120 f o r  R a m b o u i l l e t s  a n d  C o l u m b i a s ,  b u t  w a s  a n  i m p o r t a n t  

s o u rc e  o f  v a r i a t i o n  f o r  t h e  T a rg h ees  and t h r e e  b re e d  com bined  i n  one 

a n a l y s i s .  Again , i f  b i r t h  w e ig h t  was i n c l u d e d  i n  th e  model t h e  e f f e c t  

o f  age o f  dam became l e s s  i m p o r t a n t ,  p a r t i c u l a r l y  f o r  t h e  T a rghees  and 

i n  th e  com bined  t h r e e  b re e d  a n a l y s i s .

B i r t h  d a t e  t e n d  t o  h a v e  no i m p o r t a n t  e f f e c t  on 5URV60, SURV12 0 , 

b u t  s i g n i f i c a n t l y  e f f e c t  SURV60120, e x c e p t  f o r  C o l u m b ia s .  H o w e v er ,  

b i r t h  d a t e  assum ed m ore i m p o r t a n t  l i n e a r  e f f e c t  when b i r t h  w e ig h t  was 

i n c l u d e d  i n  t h e  m o d e l ,  e x c e p t  f o r  t h e  C o lu m b ia s .  T a r g h e e  a n d  

R a m b o u i l l e t  l a m b s  b o r n  l a t e r  i n  t h e  s e a s o n  t e n d e d  t o  s u f f e r  h i g h e r  

m o r t a l i t y  t h a n  th o s e  b o rn  e a r l i e r .  The o p p o s i t e  was t h e  c a s e  f o r  t h e

C olum bias .
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The l i n e a r  a nd  q u a d r a t i c  r e g r e s s i o n s  o f  s u r v i v a b i l i t y  on  b i r t h  

w e i g h t  showed t h a t  b i r t h  w e i g h t  was a n  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  

f o r  SUfiVbO an d  SURV120 ,  b u t  a n  u n i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  f o r  

SURV60120. B i r t h  w e i g h t  i n  t h e  R a m b o u i l l e t s ,  T a rghees  and  Columbias  

a c c o u n t e d  f o r  9.8%, 7.6% a nd  12.2% o f  t h e  v a r i a t i o n ,  r e s p e c t i v e l y ,  

f o r  SURV60, a n d  8.5%, 6.2% a n d  9.9%, r e s p e c t i v e l y  f o r  SURV120. B a s e d  

on t h e  p r e d i c t i o n  e q u a t i o n  d e r i v e d  f r o m  t h e  l i n e a r  a n d  q u a d r a t i c  

r e g r e s s i o n  c o e f f i c i e n t s  a n d  u s i n g  a v e r a g e  b i r t h  w e i g h t s  f r o m  t h i s  

s t u d y  t h e  p r e d i c t e d  SURV60 w e r e  92.7%, 83.6%, 99.8% a n d  88.3%, 

r e s p e c t i v e l y ,  f o r  R a m b o u i l l e t s ,  T a rghees ,  Colum bia s  and t h r e e  b r e e d s  

c o m b i n e d .  The c o r r e s p o n d i n g  v a l u e s  f o r  SURV120 w e r e  85 .3%, 76.2%, 

92.7% a n d  82.6%, r e s p e c t i v e l y .  Maximum s u r v i v a b i l i t y  o c c u r e d  j u s t  

a b o v e  t h e  mean b i r t h  w e i g h t ,  w i t h  t h e  e x c e p t i o n  f o r  SURV120 f o r  t h e  

Targhee which  o c c u re d  s l i g h t l y  below t h e  mean o f  b i r t h  w e i g h t .  With 

r e s p e c t  t o  t h e  e f f e c t  o f  b i r t h  w e i g h t  on s u r v i v a b i l i t y  w i t h i n  t y p e  of  

b i r t h ,  m u l t i p l e  b o r n  l a m b s  had  l o w e r  s u r v i v a b i l i t y  t h a n  s i n g l e  b o rn  

l a m b s  a t  e q u a l  b i r t h  w e i g h t .

I n  t h e  b i r t h  w e i g h t  d a t a ,  y e a r ,  t y p e  o f  b i r t h ,  a g e  o f  dam, s e x  

a n d  l i n e a r  r e g r e s s i o n  o f  b i r t h  w e i g h t  on b i r t h  d a t e  g e n e r a l l y  w e r e  

s i g n i f i c a n t  s o u r c e s  o f  v a r i a t i o n ,  w i t h  e x c e p t i o n  o f  R a m b o u i l l e t  where 

t h e  e f f e c t  a g e  o f  dam w a s  n o t  s i g n i f i c a n t .  The mean b i r t h  w e i g h t  o f  

R a m b o u i l l e t ,  Targhee  and Columbia  o b s e rv e d  were  4.38 kg, 4.41 kg, and 

3 .9 7  k g ,  r e s p e c t i v e l y .  W i t h  r e s p e c t  t o  t y p e  o f  b i r t h ,  m u l t i p l e - b o r n  

l am bs  w e re  u s u a l l y  l i g h t e r  i n  w e i g h t .  R a m b o u i l l e t  t w i n  and  t r i p l e t s  

w e r e  81.2% a n d  73.8% o f  t h e  m ean  b i r t h  w e i g h t  o f  s i n g l e s .  The 

c o r r e s p o n d i n g  v a l u e s  f o r  T a r g h e e s  an d  C o l u m b i a s  w e r e  81.1% a n d  69%,
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an d  80,7% an d  63.5%, r e s p e c t i v e l y ,  f o r  t h r e e  b r e e d s  c o m b i n e d  w e r e  

80.8% a n d  69.7%. B i r t h  w e i g h t  i n c r e a s e d  w i t h  i n c r e a s i n g  a g e  o f  dam. 

Lambs p roduced  by m a t u r e  ewes w e re  2.4%, 10.4% and 19.8% h e a v i e r  t h a n  

l a m b s  p r o d u c e d  by 2 - y r - o l d  e w e s  o f  t h e  R a m b o u i l l e t ,  T a r g h e e  a n d  

C o l u m b i a  b r e e d  r e s p e c t i v e l y .  The o v e r a l l  p e r c e n t a g e  w a s  9.0%. Ram 

l a m b s  a t  b i r t h  were  c o n s i s t e n t l y  h e a v i e r  t h a n  ewe l a m b s ,  apd f o r  t h o s e  

c o r r e s p o n d i n g  b r e e d s '  r am  l a m b s  w e r e  6.8%, 7.2% a n d  5.7% h e a v i e r  t h a n  

ewe l a m b s ,  r e s p e c t i v e l y ,  and  i n  t h e  po o led  a n a l y s i s  ram l a m b s  were  7% 

h e a v i e r  t h a n  ewe lam bs .  The l i n e a r  r e g r e s s i o n  o f  b i r t h  w e i g h t  on b i r t h  

d a t e  i n d i c a t e d  t h a t  l am b s  b o rn  l a t e r  i n  t h e  s e a s o n  w e re  h e a v i e r .

H e r i t a b i l i t y  e s t i m a t e s  o f  SURV60, SURV120 and  SURV60120 w e r e  

c o n s i s t e n t l y  l o w  f o r  R a m b o u i l l e t  a n d  T a r g h e e  b r e e d s ,  b u t  i n  t h e  

Co lum bia s  t h e  e s t i m a t e s  w e r e  r e l a t i v e l y  h ig h .  The p o o le d  e s t i m a t e s  o f  

h e r i t a b i l i t y  o f  s u r v i v a b i l i t i e s  were  low.  The h e r i t a b i l i t y  e s t i m a t e s  

w e r e  . 0 6 ,  .04  an d  . 4 4 ,  r e s p e c t i v e l y  f o r  R a m b o u i l l e t ,  T a r g h e e  and  

C o l u m b i a  b r e e d  f o r  SURV60 a n d  . 0 8 ,  .04 a n d  .31 f o r  SURV120. The 

c o r r e s p o n d i n g  v a l u e  f o r  SURV60 1 2 0  w e r e  . 0 7 ,  - . 0 2  a n d  . 1 4 .  P o o l e d  

h e r i t a b i l i t y  e s t i m a t e s  w e r e  . 1 4 ,  .12  a n d  . 0 6 ,  r e s p e c t i v e l y ,  f o r  

SURV60, SURV120 and SURV60120. H e r i t a b i l i t y  e s t i m a t e s  f o r  b i r t h  w e i g h t  

w e r e  . 2 5 ,  . 2 6  a n d  . 3 9  f o r  R a m b o u i l l e t ,  T a r g h e e  a n d  C o l u m b i a ,  

r e s p e c t i v e l y .  The poo led  h e r i t a b i l i t y  e s t i m a t e  was .29.

P h e n o t y p ic  c o r r e l a t i o n  b e tw e e n  SURV60 and SURV120 was  h i g h ,  b u t  

b e t w e e n  b i r t h  w e i g h t  an d  SURV60 a n d  SURV120 t h e  c o r r e l a t i o n s  w e r e  

r e l a t i v e l y  low.  Very low p h e n o ty p i c  c o r r e l a t i o n  was i d e n t i f i e d  be tw e en  

b i r t h  w e i g h t  and SURV60120.
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H igh  g e n e t i c  c o r r e l a t i o n  w as  a l s o  f o u n d  b e t w e e n  SURV60 an d  

SURVI20. The g e n e t i c  c o r r e l a t i o n  b e tw e en  b i r t h  w e i g h t  and SURV60 and 

SURVI 20 was m o d e r a t e  i n  R a m b o u i l l e t  and Columbia ,  b u t  v e r y  low i n  t h e  

T a rghees.  However ,  i n  t h e  poo led  a n a l y s i s  o f  t h r e e  b r e e d  t h e r e  was a 

m o d e r a t e  c o r r e l a t i o n .  Low g e n e t i c  c o r r e l a t i o n  was a l s o  found  be tw e en  

b i r t h  w e i g h t  and SURV60120.

R e s u l t s  o f  t h i s  s t u d y  c l e a r l y  i n d i c a t e d  t h a t  m o s t l y  n o n - g e n e t i c  

f a c t o r s  a r e  a s s o c i a t e d  w i t h  l a m b  s u r v i v a b i l i t y .  H o w e v e r ,  g e n e t i c  

i m p r o v e m e n t  i n  l a m b  s u r v i v a b i l i t y  t h r o u g h  s e l e c t i o n  m i g h t  be 

a c c o m p l i s h e d  by s e l e c t i o n  f o r  t r a i t s  r e l a t e d  t o  s u r v i v a b i l i t y  suc h  a s  

b i r t h  w e i g h t  w h i c h  i s  m o d e r a t e l y  h e r i t a b l e  a nd  p o s i t i v e l y  r e l a t e d  

g e n e t i c a l l y  t o  s u r v i v a b i l i t y .

Growth c h a r a c t e r i s t i c s  and ewe p e r f o r m a n c e  t r a i t s  o f  I n d o n e s i a n  

sh e ep  were  s t u d i e d  u s i n g  d a t a  f rom two s o u r c e s :  t h e  R e s e a rc h  I n s t i t u t e  

f o r  j l n i m a l  P r o d u c t i o n  s t a t i o n  (RIAP) a t . C i c a d a s ,  B o g o r  a n d  f r o m  t h e  

v i l l a g e s .  B o t h  t h e  s t a t i o n  a n d  v i l l a g e s  a r e  l o c a t e d  i n  W e s t  J a v a  

p r o v i n c e .  V i l l a g e  d a t a  w e r e  f r o m  J a v a n e s e  t h i n - t a i l e d  s h e e p  (JTT) 

o b t a i n e d  f r o m  G a r u t  (GAR),  C i b u r u y  ( C I B )  a n d  C i r e b o n  ( C I R )  

r e p r e s e n t i n g  h i g h ,  m e d iu m ,  an d  l o w  e l e v a t i o n  a r e a s .  D a t a  f r o m  t h e  

s t a t i o n  r e p r e s e n t e d  JTT f r o m  GAR a n d  f a t - t a i l e d  (FT).  L e a s t  s q u a r e s  

m e t h o d  f o r  u n e q u a l  s u b c l a s s  n u m b er  w a s  u s e d  t o  a n a l y z e  b o t h  g r o w t h  

c h a r a c t e r i s t i c s  and ewe p e r f o r m a n c e  t r a i t s .  Growth c h a r a c t e r s  a n a ly z e d  

w e r e  w e i g h t s  a t  b i r t h ,  30 d ,  60 d ,  w e a n i n g  (90 d ) ,  120 d ,  150 d,  1 80 

d ,  2 7 0  d ,  a n d  w e i g h t  a t  y e a r l i n g ,  p r e w e a n i n g  d a i l y  g a i n  a n d  

p o s t w e a n i n g  d a i l y  g a i n  f r o m  90 d t o  180 d o f  a g e .  The d a t a  f o r  ewe 

p e r f o r m a n c e  t r a i t s  a n a l y z e d  w e r e :  l i t t e r  s i z e ,  l i t t e r  s i z e  w e a n e d ,
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n e o n a t a l  s u r v i v a l ,  l i v a b i l i t y  a t  3 0 ,  6 0 ,  a n d  90 d,  l i t t e r  w e i g h t  a t  

b i r t h ,  l i t t e r  w e i g h t  a t  30,  60,  and 90 d, w e i g h t  a t  m a t i n g ,  p o s tp a r tu m  

w e i g h t  and l a m b i n g  i n t e r v a l .  R e p e a t a b i l i t y  o f  ewe p e r f o r m a n c e  t r a i t s  

w a s  e s t i m a t e d  u s i n g  i n t r a c l a s s  c o r r e l a t i o n ,  an d  h e r i t a b i l i t y  o f  

p o s t n a t a l  g r o w t h  w as  e s t i m a t e d  u s i n g  p a t e r n a l  h a l f - s i b  c o r r e l a t i o n .  

D a t a  f r o m  t h e  e x p e r i m e n t  s t a t i o n  a n d  v i l l a g e s  w e r e  a n a l y z e d  

s e p a r a t e l y .

L o c a t i o n  e f f e c t  on g r o w th  c h a r a c t e r s  was a  s i g n i f i c a n t  s o u r c e  o f  

v a r i a t i o n  a t  t h e  v i l l a g e s  i n  m os t  c a s e s .  Sheep f rom  GAR were  u s u a l l y  

h e a v i e r  and grew f a s t e r  t h a n  sh e ep  f rom CIB and CIR. Breed was n o t  an 

i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  a t  t h e  e x p e r i m e n t  s t a t i o n ,  a l t h o u g h  

t h e r e  was a  t en d e n c y  f o r  JTT t o  be h e a v i e r  t h a n  FT.

Sex  e f f e c t  g e n e r a l l y  w as  u n i m p o r t a n t  i n  p r e w e a n i n g  g r o w t h  

c h a r a c t e r s ,  b u t  t h e  e f f e c t  b e c a m e  m o r e  p r o n o u n c e d  f o r  p o s t w e a n i n g  

g r o w t h  and y e a r l i n g  w e i g h t  bo th  u nde r  v i l l a g e  and e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s .  Ram l a m b s  u s u a l l y  w e r e  h e a v i e r  t h a n  ewe  l a m b s .  At b i r t h  

ram l a m b s  we ighed  2% and 756 h e a v i e r  t h a n  ewe l am b s  a t  t h e  v i l l a g e s  and 

e x p e r i m e n t  s t a t i o n ,  r e s p e c t i v e l y ,  w h i l e  a t  180-day  and y e a r l i n g  t h e  

c o r r e s p o n d i n g  v a l u e s  w e r e  1 9.756 an d  22.6%, a n d  11.456 a n d  25.6%, 

r e s p e c t i v e l y .

Type o f  b i r t h  w as  g e n e r a l l y  f o u n d  t o  be an i m p o r t a n t  s o u r c e  o f  

v a r i a t i o n  f o r  g r o w t h  c h a r a c t e r s  b o t h  u n d e r  v i l l a g e  a n d  e x p e r i m e n t  

s t a t i o n  c o n d i t i o n s .  Lambs bo rn  i n  l a r g e r  l i t t e r  w e re  u s u a l l y  l i g h t e r  

t h a n  s i n g l e - b o r n  l a m b s .  At  t h e  v i l l a g e s ,  t h e  w e i g h t s  a n d  g a i n s  o f  

t w i n s  and t r i p l e t s  a s  a p e r c e n t a g e  o f  t h e  v a l u e s  f o r  s i n g l e s  w ere :  f o r  

b i r t h  w e i g h t ,  77.4% a n d  57.1%; w e a n i n g  w e i g h t ,  79.8% a n d  74.7%;
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p r e w e a n i n g  d a i l y  g a i n ,  75.5% an d  70.5%; w e i g h t  a t  180 d ,  85.2% and 

85%; and w e i g h t  a t  270 d,  80.6% and 69.2%. The p e r c e n t a g e  o f  m u l t i p l e -  

b o r n  l a m b  w e i g h t s  t o  t h e  s i n g l e s  a t  y e a r l i n g  a g e  w a s  69.7%. At t h e  

e x p e r i m e n t  s t a t i o n  t h e  c o r r e s p o n d i n g  v a l u e s  f o r  a v e r a g e  w e i g h t  an d  

g a i n s  o f  t w i n s ,  t r i p l e t s  an d  q u a d r u p l e t s  a s  p e r c e n t a g e  o f  s i n g l e s  

w e r e :  74.1%, 60% a n d  43.7%; 84.5%, 83.5% a n d  81.2%; 75.6%, 73.5% a nd  

67.4%; 88.4%, 80.9% an d  88.5%; a n d  84.4%, 84% an d  83.1%. At y e a r l i n g  

a g e  t h e  w e i g h t  o f  t w i n s ,  t r i p l e t s  a n d  q u a d r u p l e t s  a s  p e r c e n t a g e  o f  

s i n g l e s  w e r e :  91.4%, 84.5% a n d  83.5%.

The e f f e c t  o f  a g e  o f  dam on g r o w t h  c h a r a c t e r s  u n d e r  v i l l a g e  

c o n d i t i o n s  was i m p o r t a n t  o n ly  a t  b i r t h ,  w h i l e  u nde r  e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s ,  t h e  e f f e c t  was i m p o r t a n t  f o r  b i r t h  w e i g h t ,  w e i g h t  a t  30 d 

w e i g h t  a t  60 d a nd  p r e w e a n i n g  d a i l y  g a i n .  The r e l a t i o n s h i p  b e t w e e n  

p r e w e a n i n g  g ro w th  and age o f  dam a t  t h e  e x p e r i m e n t  s t a t i o n  t e n d e d  t o  

be c u r v i l i n e a r ,  w i t h  m a t u r e  e w e s  p r o d u c i n g  l a m b s  w i t h  g r e a t e s t  

p r e w e a n i n g  g rowth .

The e f f e c t s  o f  y e a r s  a nd  m o n t h s  o f  b i r t h  w h i c h  r e f l e c t e d  t h e  

management ,  f e e d  s u p p l y  and s e a s o n  v a r i a t i o n  on g r o w th  c h a r a c t e r s  were  

n o t  c o n s i s t e n t  unde r  v i l l a g e  c o n d i t i o n s ,  b u t  w e re  m o s t l y  s i g n i f i c a n t  

u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s .  W i t h  r e g a r d  t o  t h e  e f f e c t  o f  

m o n th  o f  b i r t h  on g r o w t h  c h a r a c t e r s  u n d e r  e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s  no s e a s o n a l  p a t t e r n  was found.

The r e g r e s s i o n  o f  p r e w e a n i n g  a n d  p o s t w e a n i n g  g r o w t h  on b i r t h  

w e i g h t  i n d i c a t e d  t h a t  b i r t h  w e i g h t  was p o s i t i v e l y  and l i n e a r l y  r e l a t e d  

t o  p r e -  an d  p o s t w e a n i n g  w e i g h t s ,  b u t  h a d  no r e l a t i o n  t o  p r e -  and

p o s t w e a n i n g  a v e r a g e  d a i l y  g a i n s .  Under v i l l a g e  c o n d i t i o n s  t h e  r e l a t i o n
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was s i g n i f i c a n t  up t o  w e i g h t  a t  60 -day ,  w h i l e  u nde r  e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s  t h e  r e l a t i o n s h i p  was s i g n i f i c a n t  up t o  w e i g h t  a t  180-day  o f  

a g e .

R e s i d u a l  c o r r e l a t i o n  among p r e w e a n i n g  g row th  c h a r a c t e r s  i n d i c a t e d  

t h a t  a d j a c e n t  w e i g h t s  w e re  h i g h l y  c o r r e l a t e d ,  w h i l e  b i r t h  w e i g h t  was 

l o w l y  c o r r e l a t e d  w i t h  o t h e r  p re w e a n in g  g row th  c h a r a c t e r s .  P rew ean ing  

a v e ra g e  d a i l y  g a i n  was more h i g h l y  c o r r e l a t e d  w i t h  w ean ing  w e i g h t  t h a n  

w i t h  b i r t h  w e i g h t .  S i m i l a r  r e s u l t s  w e r e  a l s o  n o t e d  i n  r e s i d u a l  

c o r r e l a t i o n s  among b i r t h  w e i g h t ,  w e a n ing  w e i g h t ,  p o s t w e a n i n g  g ro w th  

c h a r a c t e r s  and y e a r l i n g  w e i g h t .

G r o w t h  c u r v e s  o f  I n d o n e s i a n  s h e e p  u nde r  v i l l a g e  and e x p e r i m e n t  

s t a t i o n  c o n d i t i o n s  i n d i c a t e d  t h a t  g r o w th  was c u r v i l i n e a r  f rom  b i r t h  t o  

a p p r o x i m a t e l y  48  month,  b u t  l i n e a r  f rom b i r t h  t o  a p p r o x i m a t e l y  3 mo of  

a g e .  The e q u a t i o n s  w e r e  W = 6 . 9 5 9 a0»,,0 5 > w = 6 .4 24A 0 .424  &hd y = 

6 . 1 10A0 , 385 f o r  e x p e r i m e n t  s t a t i o n - J T T ,  e x p e r i m e n t  s t a t i o n - F T  an d  

v i l l a g e  sh e e p ,  r e s p e c t i v e l y .  Sheep a t  t h e  e x p e r i m e n t  s t a t i o n  t e n d e d  to  

grow f a s t e r  t h a n  unde r  v i l l a g e  c o n d i t i o n s ,  and JTT s h e e p  grew f a s t e r  

t h a n  FT.

Under v i l l a g e  c o n d i t i o n s ,  t h e  e f f e c t  o f  l o c a t i o n  was an  i m p o r t a n t  

s o u r c e  o f  v a r i a t i o n .  The m a t i n g  w e i g h t  o f  e w e s  a t  GAR w e r e  t h e  

h e a v i e s t ,  f o l l o w e d  by CIR and CIB. The l a s t  two l o c a t i o n s  changed r a n k  

r e l a t i v e  t o  t h e  p r e v i o u s  w e i g h t  d a t a .  At t h e  e x p e r i m e n t  s t a t i o n ,  b r ee d  

w a s  a n  u n i m p o r t a n t  s o u r c e  o f  v a r i a t i o n .  H o w e v e r ,  JTT t e n d e d  t o  be  

h e a v i e r  t h a n  FT. Ewe age  was an  i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  bo th  a t  

t h e  v i l l a g e s  and e x p e r i m e n t  s t a t i o n .  O lde r  ewes t e n d e d  t o  have  h e a v i e r  

m a t i n g  w e i g h t .  Year  and month o f  m a t i n g  w ere  n o t  an i m p o r t a n t  s o u r c e
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o f  v a r i a t i o n  a t  t h e  v i l l a g e s ,  w h i l e  u n d e r  e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s  month e f f e c t  was an i m p o r t a n t  s o u r c e  o f  v a r i a t i o n .

At t h e  v i l l a g e s ,  l o c a t i o n ,  and ewe age a t  l a m b in g  w e re  i m p o r t a n t  

s o u r c e s  o f  v a r i a t i o n  f o r  p o s t p a r t u m  w e i g h t .  Type o f  b i r t h ,  y e a r  and  

m o n th  o f  l a m b i n g  s h o w e d  u n i m p o r t a n t  e f f e c t s .  At t h e  e x p e r i m e n t  

s t a t i o n ,  b r e e d ,  y e a r  and month o f  l a m b i n g  were  s i g n i f i c a n t  s o u r c e s  o f  

v a r i a t i o n .  Type o f  b i r t h  h a d  no e f f e c t  on p o s t p a r t u m  w e i g h t .  The 

r a n k i n g  o f  p o s t p a r t u m  w e i g h t  was GAR, CIB and CIR a t  t h e  v i l l a g e s ,  and 

JTT a n d  FT a t  t h e  e x p e r i m e n t  s t a t i o n .  O l d e r  e w e s  w e r e  h e a v i e r  t h a n  

y o u n g e r  e w e s .  W i t h  r e g a r d  t o  t h e  r e l a t i o n s h i p  b e t w e e n  p o s t p a r t u m  

w e i g h t  and l i t t e r  w e i g h t  a t  b i r t h ,  i t  was found  t h a t  ewes w i t h  h e a v i e r  

w e i g h t  t e n d e d  t o  have  h e a v i e r  l i t t e r s  a t  b i r t h .

W i t h  r e s p e c t  t o  t h e  l i t t e r  s i z e  b o r n  u n d e r  v i l l a g e  c o n d i t i o n s ,  

l o c a t i o n  a n d  ewe a g e  w e r e  i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n .  Yea r  a n d  

m o n th  o f  l a m b i n g  d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  At t h e  e x p e r i m e n t  

s t a t i o n ,  y e a r  and t h e  l i n e a r  r e g r e s s i o n  o f  l i t t e r  s i z e  on ewe age were  

i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n .  At t h e  v i l l a g e s ,  GAR had t h e  h i g h e s t  

a v e r a g e  l i t t e r  s i z e  ( 1 . 6 7 ) ,  f o l l o w e d  by CIB ( 1 .5 2 )  a n d  CIR ( 1 . 1 5 ) .  At 

t h e  e x p e r i m e n t  s t a t i o n ,  t h e  l i t t e r  s i z e  o f  JTT a n d  FT w e r e  s i m i l a r  

( 2 .0 0  a nd  1 .9 5 ,  r e s p e c t i v e l y ) .  B o t h  a t  t h e  v i l l a g e s  a n d  e x p e r i m e n t  

s t a t i o n ,  t h e r e  w as  a  t e n d e n c y  f o r  l i t t e r  s i z e  t o  i n c r e a s e  w i t h  

a d v a n c in g  age  o f  ewes.

L i t t e r  s i z e  w e a n e d  w a s  a f f e c t e d  by l o c a t i o n  an d  t y p e  o f  b i r t h .  

Ewe a g e ,  y e a r  a n d  m o n th  o f  l a m b i n g  w e r e  n o t  s i g n i f i c a n t  s o u r c e s  o f  

v a r i a t i o n  u n d e r  v i l l a g e  c o n d i t i o n s .  At t h e  e x p e r i m e n t  s t a t i o n ,  l i t t e r  

s i z e  weaned was a f f e c t e d  by ty p e  o f  b i r t h  and y e a r ,  w h i l e  b r e e d ,  ewe
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age ,  and month o f  l a m b in g  w e re  u n i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n .  With 

r e s p e c t  t o  t h e  e f f e c t  o f  t y p e  o f  b i r t h ,  82$ ,  78.5% a n d  59.7% o f  

s i n g l e s ,  t w i n s ,  and t r i p l e t s  w e re  weaned,  r e s p e c t i v e l y  u n d e r  v i l l a g e  

c o n d i t i o n s .  At t h e  e x p e r i m e n t  s t a t i o n  s t a t i o n  t h e  w ean ing  r a t e s  were  

w e r e  68%, 61.5%, 75.3% a nd  42.5% f o r  s i n g l e s ,  t w i n s ,  t r i p l e t s  and  

q u a d r u p l e t s ,  r e s p e c t i v e l y .

Type o f  b i r t h  was  a  m a j o r  f a c t o r  a f f e c t i n g  l a m b  l i v a b i l i t y  a t  

b i r t h  bo th  a t  t h e  v i l l a g e s  and t h e  e x p e r i m e n t  s t a t i o n .  For  l i v a b i l i t y  

a t  3 0 , 60 a nd  90 d,  l o c a t i o n  t e n d e d  t o  be t h e  m a j o r  f a c t o r  a f f e c t i n g  

l am b  l i v a b i l i t y  a t  t h e  v i l l a g e s ,  b u t  a t  t h e  e x p e r i m e n t  s t a t i o n  none o f  

t h e  f a c t o r s  s t u d i e d  s i g n i f i c a n t l y  a f f e c t e d  l a m b  l i v a b i l i t y .  D e a t h  

l o s s e s  o c c u r e d  m o s t l y  d u r i n g  t h e  f i r s t  30 d o f  a g e .  At  t h e  v i l l a g e s  

a n d  e x p e r i m e n t  s t a t i o n  82.9% an d  91.9% o f  t h e  d e a t h  l o s s e s  o c c u r e d  

d u r i n g  t h i s  t i m e .  With  r e g a r d  t o  t h e  e f f e c t  o f  type  o f  b i r t h ,  t r i p i s t ­

a n d  q u a d r u p l e t - b o r n  l a m b s  s u f f e r e d  h i g h e r  m o r t a l i t y  b o t h  a t  t h e  

v i l l a g e s  a nd  e x p e r i m e n t  s t a t i o n ,  a n d  t h e  e f f e c t  p e r s i s t e d  u n t i l  

w ean ing  a t  90 d o f  age.  At wean ing  s i n g l e - ,  t w i n - ,  t r i p l e t - b o r n  lamb 

m o r t a l i t i e s  w e r e  21.7%, 20.8% a n d  34.7%., r e s p e c t i v e l y ,  u n d e r  v i l l a g e  

c o n d i t i o n s ,  w h i l e  unde r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s , s i n g l e - ,  t w i n - ,  

t r i p l e t -  a n d  q u a d r u p l e t - b o r n  l a m b s  m o r t a l i t y  w a s  25.6%, 38.7%, 45.7% 

a n d  58.1%, r e s p e c t i v e l y .  A c r o s s  t h e  l o c a t i o n s ,  d e a t h  l o s s e s  w e r e  

h i g h e r  i n  CIR,  f o l l o w e d  by CIB a n d  GAR. JTT a n d  FT h a d  s i m i l a r  

m o r t a l i t y  u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s .

I n  t h e  v i l l a g e s ,  l o c a t i o n ,  t y p e  o f  b i r t h  a n d  ewe a g e  w e r e  

i m p o r t a n t  s o u r c e  o f  v a r i a t i o n  f o r  l i t t e r  w e i g h t  a t  b i r t h ,  b u t  y e a r  and 

m o n t h  h a d  no s i g n i f i c a n t  e f f e c t .  At  t h e  e x p e r i m e n t  s t a t i o n ,  t y p e  o f
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b i r t h ,  y e a r  o f  l a m b in g  and  t h e  l i n e a r  r e g r e s s i o n  o f  l i t t e r  w e i g h t  a t  

b i r t h  on ewe age  were  i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n ,  w h i l e  b ree d  and 

m o n th  o f  l a m b i n g  h a d  no s i g n i f i c a n t  e f f e c t .  The l o c a t i o n  an d  b r e e d  

e f f e c t s  i n d i c a t e d  t h a t  GAR h a d  t h e  h e a v i e s t  l i t t e r  w e i g h t  a t  b i r t h  

f o l l o w e d  by CIB and CIR, and JTT p roduced  h e a v i e r  l i t t e r s  t h a n  FT. The 

r a t i o  o f  l i t t e r  w e i g h t  a t  b i r t h  o f  s i n g l e s ,  t w i n s  a n d  t r i p l e t s  w as  

100: 139:165 unde r  v i l l a g e  c o n d i t i o n s ,  and 100:152:180:212 f o r  s i n g l e s ,  

t w i n s ,  t r i p l e t s  and q u a d r u p l e t s  unde r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s .

For  l i t t e r  w e i g h t  a t  30 ,  60 and 90 d, l o c a t i o n  and t y p e  o f  b i r t h  

w e re  i m p o r t a n t  s o u r c e s  o f  v a r i a t i o n  u nde r  v i l l a g e  c o n d i t i o n s ,  bu t  ewe 

a g e ,  y e a r  a n d  m o n th  h a d  no s i g n i f i c a n t  e f f e c t s .  H o w e v e r ,  i n  t h e  

e x p e r i m e n t  s t a t i o n  d a t a  t y p e  o f  b i r t h  and  y e a r s  w e re  t h e  i m p o r t a n c e  

s o u r c e s  o f  v a r i a t i o n .  Ewe age and mon th s  o f  l a m b in g  had no s i g n i f i c a n t  

e f f e c t s .  GAR ewes c o n s i s t e n t l y  had h i g h e r  l i t t e r  w e i g h t  a t  l a t e r  a g e s  

t h a n  CIB an d  CIR e w e s .  JTT e w e s  t e n d e d  t o  p r o d u c e  h e a v i e r  l i t t e r  a t  

l a t e r  a g e s  t h a n  FT ewes.

R e s i d u a l  c o r r e l a t i o n s  among ewe p e r f o r m a n c e  t r a i t s  i n d i c a t e d  t h a t  

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

l i t t e r  s i z e  a t  wean ing  and l i t t e r  w e i g h t ,  b u t  n e g a t i v e l y  c o r r e l a t e d  

w i t h  l i v a b i l i t y ,  a l t h o u g h  some c o r r e l a t i o n  d i d  n o t  d i f f e r  f rom  z e ro .  

L i t t e r  s i z e  a t  w ean ing  had h i g h  p o s i t i v e  c o r r e l a t i o n s  w i t h  l i v a b i l i t y  

and l i t t e r  w e i g h t .  P o s i t i v e  c o r r e l a t i o n s ,  some h i g h l y  s i g n i f i c a n t  were  

f o u n d  among  l i v a b i l i t y  an d  l i t t e r  w e i g h t  a t  d i f f e r e n t  a g e .  The 

r e s i d u a l  c o r r e l a t i o n s  i n v o l v i n g  w e i g h t  a t  m a t i n g  and p o s t p a r t u m  w e i g h t  

w i t h  l i t t e r  t r a i t s  w e r e  m o s t l y  low,  some w e re  n e g a t i v e  and some were

n o t  s t a t i s t i c a l l y  d i f f e r e n t  f rom  z e r o .
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At t h e  v i l l a g e s ,  l o c a t i o n ,  t y p e  o f  b i r t h ,  ewe a g e ,  y e a r s  and  

m o n t h s  h a d  no s i g n i f i c a n t  e f f e c t  on  l a m b i n g  i n t e r v a l ,  w h i l e  u n d e r  

e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  l i n e a r  a n d  q u a d r a t i c  r e g r e s s i o n s  o f  

l a m b i n g  i n t e r v a l  on ewe a g e  w e r e  t h e  o n l y  s i g n i f i c a n t  s o u r c e  o f  

v a r i a t i o n .  Breed ,  t y p e  o f  b i r t h ,  y e a r s  and month were  n o t  s i g n i f i c a n t  

s o u r c e s  o f  v a r i a t i o n .  B o t h  a t  t h e  v i l l a g e s  a n d  e x p e r i m e n t  s t a t i o n

l a m b i n g  i n t e r v a l  was  s i m i l a r  (2 5 9 .3  a n d  252 .4  d,  r e s p e c t i v e l y ) .  A 

s t u d y  o f  t h e  e f f e c t  o f  n u m b e r  o f  l a m b s  p r o d u c e d  by e w e s  ( t y p e  o f

b i r t h )  i n d i c a t e d  t h a t  e w e s  w i t h  l a r g e r  l i t t e r  t e n d e d  t o  h a v e  l o n g e r  

l a m b i n g  i n t e r v a l  s u b s e q u e n t l y ,  a l t h o u g h  t h e  e f f e c t  l a c k e d  

s i g n i f i c a n c e .  With r e s p e c t  t o  t h e  e f f e c t  o f  age o f  ewe, p a r t i c u l a r l y  

unde r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s ,  l a m b i n g  i n t e r v a l  became s h o r t e r  

w i t h  a d v a n c in g  age  of  ewe u n t i l  a  c e r t a i n  age was r e a c h e d  t h e n  became 

l o n g e r  a f t e r  t h a t  a g e .  The s h o r t e s t  l a m b i n g  i n t e r v a l  w a s  r e a c h e d  a t  

t h e  age o f  a p p r o x i m a t e l y  32.8 months.

Ewe w e i g h t  a t  m a t i n g  a n d  p o s t p a r t u m  w e i g h t  w e r e  h i g h l y  

r e p e a t a b l e .  At t h e  v i l l a g e s  t h e  e s t i m a t e s  o f  r e p e a t a b i l i t y  o f  m a t i n g -  

and p o s t p a r t u m  w e i g h t  w e re  .78 and .68.  C o r r e s p o n d in g  v a l u e s  f o r  t h e  

e x p e r i m e n t  s t a t i o n  w e re  .61 and .62,  r e s p e c t i v e l y .

L i t t e r  s i z e  and l i t t e r  s i z e  weaned w e re  l o w l y  r e p e a t a b l e .  Under 

v i l l a g e  c o n d i t i o n s  t h e  r e p e a t a b i l i t y  w e r e  .22 and .004,  r e s p e c t i v e l y ,  

w h i l e  u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  t h e  e s t i m a t e s  w e r e  .12  

and .13, r e s p e c t i v e l y .

E s t i m a t e  o f  r e p e a t a b i l i t y  o f  l i v a b i l i t y  a t  b i r t h  u n d e r  v i l l a g e  

c o n d i t i o n s  w a s  q u i t e  h i g h  ( . 5 8 ) ,  w h i l e  u n d e r  e x p e r i m e n t  s t a t i o n  

c o n d i t i o n s  t h e  e s t i m a t e  was low ( .08).  However , f o r  l i v a b i l i t y  a t  30,
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60 and  90 d t h e  r e p e a t a b i l i t y  e s t i m a t e s  w e r e  o p p o s i t e  t o  t h o s e  f o r  

l i v a b i l i t y  a t  b i r t h .  H igh  e s t i m a t e s  w e r e  f o u n d  a t  t h e  e x p e r i m e n t  

s t a t i o n ,  a n d  l o w  e s t i m a t e s  w e r e  f o u n d  a t  t h e  v i l l a g e s .  The  

c o r r e s p o n d i n g  e s t i m a t e s  w e r e  . 0 3 ,  . 1 3  a n d  .1 1  u n d e r  v i l l a g e  

c o n d i t i o n s ,  a n d  . 3 2 ,  .29  an d  . 2 7 ,  r e s p e c t i v e l y  a t  t h e  e x p e r i m e n t  

s t a t i o n .

R e p e a t a b i l i t y  o f  l i t t e r  w e i g h t  a t  b i r t h ,  a t  30,  60 and 90 d found 

i n  t h i s  s t u d y  w a s  . 1 7 ,  . 0 8 ,  .14 a n d  . 0 8 ,  r e s p e c t i v e l y ,  u n d e r  v i l l a g e  

c o n d i t i o n s ,  a n d  . 3 5 ,  . 2 0 ,  . 0 6  a n d  . 0 5 ,  r e s p e c t i v e l y ,  u n d e r  

e x p e r i m e n t  s t a t i o n  c o n d i t i o n s .  T h i s  s u g g e s t s  t h e  p r e s e n c e  o f  r a n d o m  

e n v i r o n m e n t a l  e f f e c t s  f o r  l i t t e r  w e i g h t  a t  3 0 ,  60 a n d  90 d. A low  

e s t i m a t e  o f  r e p e a t a b i l i t y  was found  f o r  l a m b i n g  i n t e r v a l  ( .04).

The h e r i t a b i l i t y  e s t i m a t e s  f o r  p o s t n a t a l  g r o w th  i n d i c a t e d  t h a t  

w e i g h t s  r e c o r d e d  30 d o r  l o n g e r  a f t e r  b i r t h  a n d  p r e w e a n i n g  a v e r a g e  

d a i l y  g a i n  w e r e  more  h e r i t a b l e  t h a n  b i r t h  w e i g h t .  The e s t i m a t e s  found 

i n  t h i s  s t u d y  f o r  b i r t h  w e i g h t ,  w e i g h t s  a t  30 d,  60 d, w e a n in g  w e i g h t  

(90 d)  an d  p r e w e a n i n g  a v e r a g e  d a i l y  g a i n  w e r e  . 6 3 ,  . 6 9 ,  . 7 1 ,  1.07 and  

1 .12 ,  r e s p e c t i v e l y ,  a t  t h e  v i l l a g e s ,  a n d  . 1 3 ,  . 4 4 ,  . 5 9 , . 8 5  a n d  .73  

u n d e r  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s .

G e n e t i c  c o r r e l a t i o n s  b e t w e e n  b i r t h  w e i g h t  and o t h e r  p rew e an in g  

g r o w t h  c h a r a c t e r s  o f  v i l l a g e  s h e e p  ( w e i g h t  a t  30 d,  a t  60  d ,  w e a n i n g  

w e i g h t  a t  90 d a n d  p r e w e a n i n g  a v e r a g e  d a i l y  g a i n )  w e r e  l o w .  I n  t h e  

e x p e r i m e n t  s t a t i o n  d a t a  m os t  g e n e t i c  c o r r e l a t i o n s  w e re  n e g a t i v e .  High 

and p o s i t i v e  g e n e t i c  c o r r e l a t i o n s  w e re  found  among w e i g h t s  a t  30 d, a t  

60 d, w e a n ing  w e i g h t  a t  90 d and p r e w e a n i n g  a v e r a g e  d a i l y  g a i n .
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R e s u l t s  o f  t h e  c h a r a c t e r i z a t i o n  o f  I n d o n e s i a n  s h e e p  i n d i c a t e d  

t h a t  b o th  JTT and FT u n d e r  v i l l a g e  and e x p e r i m e n t  s t a t i o n  c o n d i t i o n s  

a r e  r e l a t i v e l y  p r o l i f i c  b r e e d s ,  c a p a b l e  o f  r e p r o d u c i n g  more  t h a n  once 

a  y e a r .  However ,  h i g h  m o r t a l i t y  was i d e n t i f i e d  a s  a  s e r i o u s  prob lem. 

T h e r e f o r e ,  i n  o r d e r  t o  i m p r o v e  l a m b  p r o d u c t i o n  p e r  y e a r ,  r e d u c i n g  

p r e w e a n i n g  l am b  m o r t a l i t y  t h ro u g h  i m p r o v i n g  management  i s  recommended,  

s i n c e  l i t t e r  l i v a b i l i t y  a s  a  ewe t r a i t s  w a s  l o w l y  r e p e a t a b l e .  I n  

a d d i t i o n  s e l e c t i o n  f o r  w e a n ing  w e i g h t ,  b e i n g  h i g h  h e r i t a b i l i t y ,  s h o u ld  

a l s o  i n c r e a s e  a n n u a l  lamb p r o d u c t i o n .

There  a r e  some s i m i l a r i t i e s  b e tw e e n  t h e  Montana and I n d o n e s i a n  

r e s u l t s  i n  l am b  s u r v i v a b i l i t y ,  a l t h o u g h  t h e r e  were  d i f f e r e n c e s  i n  t h e  

q u a n t i t a t i v e  e s t i m a t e s .  Lamb m o r t a l i t y  up t o  wean ing  was  a p p r o x i m a t e l y  

2856 u n d e r  M o n ta n a  r a n g e  c o n d i t i o n s ,  a n d  26% a n d  4 2 $ ,  r e s p e c t i v e l y ,  

u n d e r  I n d o n e s i a n  v i l l a g e  a n d  e x p e r i m e n t  s t a t i o n  c o n d i t i o n s .  I n  bo th  

e n v i r o n m e n t s  m o s t  d e a t h  l o s s e s  o c c u r e d  a f e w  d a y s  a f t e r  b i r t h .  

M o r t a l i t y  f r o m  b i r t h  t o  60  d w a s  24$ u n d e r  M o n ta n a  r a n g e  c o n d i t i o n s  

a n d  22$ t o  39$ u n d e r  I n d o n e s i a n  e n v i r o n m e n t s .  M u l t i p l e  b o r n  l a m b s  

s u f f e r  more m o r t a l i t y  t h a n  s i n g l e - b o r n  lam bs .  I n d o n e s i a n  sheep  were  

s m a l l e r  a t  b i r t h  £tian t h e  s he ep  r a i s e d  u n d e r  Montana r a n g e  c o n d i t i o n s .  

The a v e r a g e  b i r t h  w e i g h t s  r a n g e d  f r o m  1.8 kg t o  2 .0  k g  i n  I n d o n e s i a  

a n d  f r o m  4 .0  t o  4 .4  k g  i n  M o n ta n a .  M u l t i p l e  b i r t h s  o c c u r e d  m o re  

f r e q u e n t l y  i n  t h e  I n d o n e s i a n  sheep  t h a n  i n  t h e  Montana sheep .
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APPENDIX

APPENDIX TABLE 60 .  ANALYSES OF VARIANCE FOR SURV6 O, 
SURV60120 (BREED IN THE MODEL)

SURV120 AND

Mean s a u a r e s 3 Mean s a u a r e s 3
Source  o f  v a r i a t i o n  df SURV60 SURV120 df  SURV60120

Breed 2 2 4 ,4 2 0 .7 * * 3 7 ,0 3 8 .9 * * 2 4 ,7 2 5 .3 * *
Year 22 16 ,729 .3** 2 1 ,9 4 3 .4 * * 22 2 ,3 9 5 .7 * *
Type o f  b i r t h  (TB) 2 2 5 3 ,0 7 8 .0 * * 28 9 ,0 5 0 .9 * * 2 4 ,6 1 0 .9 * *
Age o f  dam (AD) 4 4 ,0 8 1 .1 * 5 ,8 5 7 .3 * * 4 422.3
Sex I 4 ,3 5 4 .7 + 3 , 3 4 0 . 7 I 34 .4
TB x AD 8 1 2 ,6 7 1 .5 " * 11 ,7 03 .0** 8 124.5
R e s i d u a l  14 ,963 1 ,2 3 5 .2 1 ,4 7 3 .5 12,629 428 .8

a Mean s q u a r e s  x IO1*.
** ( p < . 0 1 ) ,  * ( p < . 0 5 ) ,  + ( p < . 1 ) .
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APPENDIX TABLE 61 .  LEAST SQUARES MEANS AND STANDARD ERRORS FOR SURV60,  
SURV120 AND SURV60120 BY YEARS AND BY BREED (WITHOUT BIRTH WEIGHT IN

THE MODEL)

Year No. SURV60 (it) SURVI20 (5f)a No. SURV60120 (?)

R a m b o u i l l e t
I960 301 72 .5 + 3.1 68 .8 ± 3 .4 241 94 .0 ± 1.9
1961 315 70 .6 ± 3 .2 6 7 .0 ± 3 .6 244 93 .8 ± 2 .0
1962 431 6 9 .7 ± 2 . 9 64 .2 ± 3 .2 328 91.3 ± 1 .8
1963 272 72 .3 ± 3 .5 70 .3 ± 4 . 0 222 96.1 ± 2 . 2
1964 302 67 .3 ± 3 .3 63.1 ± 3 . 8 226 93 .0 ± 2 . 1
1965 189 69.1 ± 4 .4 68.1 ± 5 .0 146 97 .5 ±  2 .7
1966 207 77 .3 ± 3 .7 75 .3 + 4 .2 175 96.2 ± 2 .2
1967 220 83.6 ± 3 .7 82.7 ± 4.1 196 97.9 ± 2 .2
1968 187 83.7 ± 3 . 8 82 .3 ± 4 .2 168 96 .9 ± 2 .3
1969 233 86.4 ± 3 .4 83.3 ± 3 . 9 213 95 .3 ± 2.1
1970 238 82 .7 ± 3 .4 81.1 ± 3 .8 215 96 .8 ± 2.1
1971 294 81.1 ± 3 .2 78 .4 ± 3 .7 257 95 .5 ± 2 .0
1972 286 80.5 ± 3 .2 7 5 .0 ± 3 .6 244 92.1 ± 2 .0
1973 287 84.1 ± 3 .0 80.9 ± 3 .3 258 95 .0 ± 1.8
1974 249 86 .9 ± 3.1 83.1 ± 3 .4 234 94 .5 ± 1.9
1975 289 7 7 .9 ± 3.1 74 .6 ± 3-4 243 94 .7 ± 1-9
1976 227 7 4 .0 ± 3 .2 66.1 ± 3 .6 183 88.7 ± 2 .0
1977 185 81.0 ± 3-3 74 .4 ± 3 .7 165 91 .0 + 2 .0
1978 228 82 .8 ± 3 .2 7 8 .8 ± 3 .5 203 94.1 ± 1.9
1979 279 7 0 .5 ± 3 . 0 62 .9 ± 3 .4 214 88 .5 ± 1-9
1980 265 72 .4 ± 3.1 61 .6 ± 3 .4 208 84 .9 ±  2 .0
1981 249 6 6 .0 ± 3.1 6 4 .3 ± 3 . H 188 96 .3 ± 2 .0
1982 250 7 2 .7 ± 3.1 6 4 .0 ± 3 .4 204 87 .8 ± 2 .0



2 0 5

A P P E N D I X  T A B L E  6 1 .  ( C O N T I N U E D )

Year No. SURV60 (? ) SURV120 ( ? ) a No. SURV60120 (? )

Targhee
I960 246 75 .3 ± 2 . 9 6 8 .8 ± 3 . 2 219 91 .2 ± 1.7
1961 249 7 4 .0 ± 3 .0 7 0 .8 ± 3 .3 211 94 .9 + 1.7
1962 209 72 .6 ± 3-0 6 7 .3 ± 3 .3 180 92.4 ± 1.8
1963 270 69.1 ± 2 . 9 66 .5 ± 3 .2 220 95 .5 ± 1.7
1964 305 72 .9 ± 3 . 0 6 9 .7 ± 3 .3 259 94 .8 ±  1.7
1965 314 76.1 ± 2 . 8 72 .2 ± 3 .0 275 94.2 ± 1.6
1966 292 74 .3 ± 2 . 8 7 0 .9 ± 3 .0 253 94 .6 ± 1.6
1967 349 81.1 ± 2 .6 79 .0 ± 2 . 9 316 96.4 ± 1 .6
1968 340 7 8 .8 + 2 .6 7 6 .6 ± 2 . 9 298 96 .2 ± 1.6
1969 376 80.2 ± 2 .6 76.1 ± 2 .8 340 94.1 ± 1.5
1970 343 74.1 ± 2 .6 72 .2 ± 2 . 9 294 96.4 + 1.6
1971 316 81.3 + 2 .6 77 .8 + 2 . 9 287 94 .8 ± 1.6
1972 275 80 .0 ± 2 .7 7 6 .0 ± 3 .0 241 94 .2 ± 1.6
1973 252 79.1 ± 2 . 9 7 4 .2 ± 3 .2 224 93 .3 ± 1.7
1974 227 80.3 ± 2 . 9 76 .5 ± 3 .2 205 94 .5 ± 1.7
1975 211 78 .2 ± 3 .0 7 3 .2 ± 3 .3 186 93.1 ± 1.8
1976 234 7 0 .3 ± 3 . 0 65 .8 ± 3 .3 188 93.4 ± 1.7
1977 153 80 .9 ± 3 .3 77.1 ± 3 .7 144 94 .4 + 2 . 0
1978 154 80.7 ± 3 .4 78.1 ± 3 .7 137 95 .9 ± 2 .0
1979 167 68 .8 ± 3 .3 64 .6 ± 3 .7 133 93.6 ± 2 .0
1980 192 66 .3 ± 3.1 60.1 ± 3 .4 145 90 .5 ± 2 .0
1981 128 6 7 .8 ± 3 .6 6 2 .9 ± 3 . 9 105 92.5 ± 2 .2
1982 146 69 .3 ± 3 .3 6 4 .2 ± 3 .6 122 92.4 ±  2.1



2 0 6

A P P E N D I X  T A B L E  6 1 .  ( C O N T I N U E D )

Year No. SURV60 (%) SURV120 ( $ ) a No. SURV60120 (50

I960 172 80 .5 ±  7 .5
Columbia

6 9 .5  ± 7 .3 149 87 .0 ± 3 .6
1961 164 82.5 ± 8.3 7 7 .8 ± 8.1 145 94 .5 ± 3 .9
1962 134 81.2 + 8 .0 72 .4 ± 7 . 9 115 89.6 ± 3 .9
1963 150 75.1 ± 7 .5 72 .4 ± 7 .4 126 96.3 ± 3 .7
1964 103 82.1 ±10 .9 78.1 ±10.6 87 95 .2 ± 4 .9
1965 73 72 .3 + 11.0 69 .4 ±10.7 59 96.1 ± 5.1
1967 81 80.5 +10.4 81.3 ±10.1 69 100.8 ± 4 .9
1968 76 75 .3 ±10.5 75 .5 ±10.3 60 100.1 ± 5 .0
1969 156 83.9 ±  8 .3 78 .1 ± 8 . 1 137 93.4 ± 3 . 9
1970 252 82 .7 + 6 .5 80 .8 ± 6 .3 220 97 .7 ± 3 .2
1971 289 86.1 ± 7 .3 84 .0 ± 7.1 257 97.7 ± 3 .4
1972 244 87.4 + 7 .7 84 .5 ± 7 .4 220 96.8 ± 3 .6
1973 233 6 1 .9 ± 7 . 8 58 .9 ± 7 .5 154 94 .9 ± 4.1
1974 161 80.8 + 6 .9 7 4 .0 ±  6 .8 142 92.1 ± 3 .5
1975 158 80 .7 ± 6 .7 77 .6 ± 6 .6 135 96.1 ± 3 .4
1976 176 68 .8 ± 6 . 8 64.1 + 6 .7 130 93 .2 ± 3 .5
1977 140 81.6 ± 6 . 8 7 4 .7 ± 6 .7 124 92.1 ± 3 .5
1978 112 82.2 + 7 .3 77.1 ± 7 .3 96 94 .0 ± 3 .7
1979 124 6 5 .3 ± 7 .4 6 3 .7 ± 7 .3 81 97 .6 ± 3 . 9
1980 139 72.1 + 5 .3 64 .3 ± 5 .5 104 89.3 ± 3 .3
1981 87 69 .9 ± 7 .7 6 8 .8 ± 7 .6 68 98 .2 ± 4 .0
1982 48 64.1 ± 8 .5 54.1 ± 8.6 34 85 .8 ± 5.1

a No. o b s e r v a t i o n  eq u a l  t o  SURV60
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APPENDIX TABLE 62.  ANALYSIS OF VARIANCE FOR SURV6 0,  SU RV120 AND 
SURV60120 BY BREED (BIRTH WEIGHT IN THE MODEL)

Mean s q u a r e s 3 Mean s q u a r e s 5
Source  o f  v a r i a t i o n d f SURV60 SURVI 20 df SURV60120

Year  (Y) 22
R a m b o u i I l e t

5 , 4 5 5 .0 * *  7 ,6 3 6 .9 « * 22 1 ,857 .4 **
S i r e s / Y 257 1 ,5 4 6 .5 " * 1 ,941 .9 ** 253 507.9**
Type o f  b i r t h  (TB) 2 4 ,2 1 5 .2 « * 7 ,4 7 3 .0 * * 2 896.7
Age o f  dam (AD) 4 76 1 .8 1 ,9 2 2 .5 4 1 ,947 .7 **
Sex I 2 4 ,2 6 7 .0 « « 2 3 ,1 6 4 .0 * « I 49.7
TB x AD 8 962.4 1 ,8 8 9 .3 8 969 .5"
R e g r e s s i o n s  
B i r t h  w e i g h t  l i n e a r I 4 5 ,8 8 9 .1 « * 3 5 ,6 0 2 .8 * « I 222.1
TB r e g . l i n . b i r t h  w t . 2 3 ,9 2 7 .8 « « 6 , 1 6 9 .3 * " 2 934.8+
B i r t h  w e i g h t  quad . I 1 8 ,6 1 9 .7 " * 1 9 ,5 5 9 .7 " " I 615 .0
TB r e g . q u a d . b i r t h  w t . 2 2 ,7 5 6 .8 + 4 ,4 8 2 .0 * 2 1 ,004 .3+
B i r t h  d a t e  l i n e a r I 6 ,3 9 6 .0 « 14 ,879 .6*« I 3 , 1 3 7 . 3 " "
R e s i d u a l  5 , 681 1 ,1 8 2 .6 1 ,3 7 5 .9 4 ,677 392 .0

Year  (Y) 22
Ta rchee

3 ,2 3 4 .5 « * 4 ,2 5 4 .4 « * 22 456.4
S i r e s / Y 141 1 ,408 .4** 1 ,7 08 .6** 140 321 .7
Type o f  b i r t h  (TB) 2 9 ,1 2 2 .3 * * 1 2 ,8 9 1 .6 * " 2 637 .3
Age of  dam (AD) 4 1 ,8 5 0 .2 2 ,9 4 2 .1 * 4 726.6
Sex I 1 7 ,272 .9*" 1 5 ,2 8 1 .3 * " I .0
TB x AD 8 3 ,3 1 6 .8 * * 3 , 0 3 8 . 5 " 8 581.3
R e g r e s s i o n s  
B i r t h  w e i g h t  l i n e a r I 2 , 3 8 1 .4 1 ,5 1 7 .9 I 2 .6
TB r e g . l i n . b i r t h  wt . 2 688 .0 1 ,2 3 8 .7 2 8 .8
B i r t h  w e i g h t  quad . I 23 ,8 2 5 .0 * » 2 3 ,9 7 6 .0 * * I 53.1
TB r e g . q u a d . b i r t h  w t . 2 11 ,976 .4** 11 ,921 .6 «* I 243 .4
B i r t h  d a t e  l i n e a r I 6 ,2 7 2 .8 * 16 ,824 .1 *« I 3 ,4 0 9 .8 *
R e s i d u a l  5 , 562 983.4 1 ,2 1 7 .4 4 ,797 374 .3
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A P P E N D I X  T A B L E  6 2 .  ( C O N T I N U E D )

Mean s q u a r e s 3 Mean s q u a r e s 3
S ource  o f  v a r i a t i o n  d f  SURV60 SURV120 d f  SURV60120

Columbia
Year (Y) 21 9 ,3 0 4 .3 * * 9 ,8 0 1 .5 * * 21 1 ,289 .7
S i r e s / Y 95 4 , 3 7 3 . 8 " * 4 ,2 3 2 .7 * * 94 995.4««
Type of  b i r t h  (TB) 2 3 , 1 7 6 .7 * 3 ,2 3 2 .8 + 2 152.0
Age o f  dam (AD) 4 2 , 0 2 6 . 7 1 ,5 3 8 .8 4 149-3
Sex I 4 ,7 3 5 .1 * 4 ,7 3 8 .8 + I .8
TB x AD 8 1 ,7 0 3 .4 1 ,2 3 6 .4 8 239 .8
R e g r e s s i o n s  
B i r t h  w e ig h t  l i n e a r I 1 8 , 4 4 3 . I** 17 ,499 .0 *» I 11.0
TB r e g . l i n . b i r t h  w t . 2 52 7 .8 550.4 2 144.9
B i r t h  w e ig h t  quad. I 2 1 ,7 4 9 .1 « * 2 1 ,5 5 0 .9 » " I 4 .8
TB r e g . q u a d . b i r t h  w t . 2 6 ,6 1 7 .8 * « 6 ,4 2 0 .3 " * 2 377.6
B i r t h  d a t e  l i n e a r I 503.2 3 , 2 5 6 . 9 I 1 ,832 .4+
R e s i d u a l  3» 133 1 ,046 .1 1 ,3 6 5 .2  2 ,574 560.4

B reed -Y ea r  (B-Y) 67
Three b r e e d  combined 

6 ,2 1 6 .5 * *  7 ,2 7 0 .0 * * 67 1 ,293 .9**
S i r e s / B - Y 493 2 ,0 5 4 .5 * * 2 ,3 2 7 .4 * » 487 551.8**
Type o f  b i r t h  (TB) 2 8 ,7 2 5 .9 * * 13 ,764 .3 ** 2 1 ,304 .9*
Age o f  dam (AD) 4 1 ,0 6 1 .9 2 , 3 1 9 . 3 4 715 .5
Sex I 4 4 ,4 0 9 .8 * * 41 ,5 4 1 .7 * * I 17.2
TB x AD 8 3 ,0 3 8 .3 * * 2 ,8 8 3 .8 » 8 224 .9
R e g r e s s i o n s  
B i r t h  w e ig h t  l i n e a r I 4 7 ,8 2 5 .9 * 3 8 ,1 3 8 .5 » " I 96 .8
TB r e g . l i n . b i r t h  wt . 2 2 ,7 3 8 .2 + 4 , 3 0 5 . 8 " 2 578 .9
B i r t h  w e ig h t  quad . I 6 0 ,5 5 2 .0 " * 62 ,7 1 1 .1 * * I 134.0
TB r e g . q u a d . b i r t h  w t . 2 14 ,727 .4*« 17 ,369 .6«* 2 I ,497 .3*
B i r t h  d a t e  l i n e a r I 11 ,197 .3** 31 ,8 1 3 .6 * * I 8 ,297 .3**
R e s i d u a l  14, 420 1 ,0 8 0 .0 1 ,3 1 6 .3  12 O V

O rv 421.4

a Mean s q u a r e s  x IO1*. 
** ( p < . 0 1 ) ,  * (p< .05) , + ( p < . 1 ) .



2 0 9

APPENDIX TABLE 63 . LEAST SQUARES MEANS AND STANDARD ERRORS OF BIRTH 
WEIGHT (BW) BY YEARS AND BY BREED

Year
Rambouillet Tarizhee Columbia

No. BW (kg) No. BW (kg) No. BW (kg)

I960 301 4 .0 6 + .0 8 246 4 . 1 3 ± .10 172 3 .7 0 ± .1 4
1961 315 4 .0 4 ± .0 9 249 4 . 16±. 11 164 3 .6 1 ± .1 6
1962 431 3 .9 9 ± .0 8 209 4 .0 8 ± .0 9 134 3 .6 7 ± .1 6
1963 272 4 . 1 2 ± .10 270 3 .8 0 ± .1 0 150 3 .4 9 + .1 5
1964 302 4 .2 9 ± .0 9 305 4 . 5 1 ± . 11 103 4 .06+ .21
1965 189 4 .6 8 ± .1 3 314 4 .4 4 ± .1 0 73 3 .9 3 + .2 1
1966 207 4 .5 4 ± .1 0 292 4 .3 8 + .0 9 . . .
1967 220 4 .4 6 ± .1 0 349 4 .4 4 + .0 9 81 4 .1 1 + .2 0
1968 187 4 .7 2 + .1 0 340 4 .5 9 ± .0 9 76 4 . 16±.20
1969 233 4 .7 2 + .0 9 376 4 .5 4 ± .0 9 156 4 .0 7 + .1 6
1970 238 4 .4 9 + .0 9 343 4 .4 2 ± .0 9 252 4 . 12±. 12
1971 294 4 .5 2 ± .0 9 316 4 .5 3 + .0 9 289 4 .0 6 ± .1 4
1972 286 4 .5 7 ± .0 8 275 4 .6 7 + .0 9 244 4 . 11± . 15
1973 287 4 .4 6 + .0 7 252 4 .4 3 ± .1 0 233 4 .1 2 + .1 5
1974 249 4 .6 8 + .0 7 227 4 .6 9 ± .0 9 161 4 .2 1 ±,. 13
1975 289 4 .4 6 ± .0 8 211 4 .4 8 + .1 0 158 4 . 1 7 ± .13
1976 227 4 .2 2 + .0 8 234 4 .4 2 + .1 0 176 3 * 9 5 ± .13
1977 185 4 .3 6 ± .0 8 153 4 .5 1 + .1 0 140 3 .9 1 + .1 3
1978 228 4 .4 5 + .0 8 154 4 .6 7 + .11 112 4 .2 0 + .1 4
1979 279 4 .1 8 ± .0 7 167 4 .2 3 + .1 1 124 3 .8 3 + .1 4
1980 265 4 .3 9 + .0 7 192 4 .5 1 + .1 0 139 3 .9 6 ± .1 0
1981 249 4 .3 6 ± .0 7 128 4 .4 6 + .11 87 4 .1 1 + .1 5
1982 250 4 .1 0 ± .0 7 146 4 . 32+.10 48 3 .8 3 ± .1 7



APPENDIX TABLE 64. ANALYSIS OF VARIANCE FOR BIRTH WEIGHT BY BREED EXCLUDING DATA FROM LAMBS DEAD AT 60 D

R^mhouillefc fke) Tarchee (kc) MUBIMB (kc) Three breed3 fke)
Source of variation df Mean squares df Mean squares df Mean squares df Mean squares

B reed-year (B-Y) 22 8.82** 22 8.04** 21 5.00«« 67 10.30”
SireZB-Yb 253 .86«« 140 1.33” 94 1.26** 487 1.09”
Type o f b i r th  (TB) 2 386.76** 2 408.15** 2 210.10** 2 O rv

> S # #

Age o f dam (AD) 4 .59 4 1.11” 4 4.94*« 4 3 .95”
Sex I 109.06** I 117.89*« I 29.72** I 248.82**
TB x AD 8 1.07** 8 .47 8 .48 8 .86*
R egressions 
B ir th  d a te  l in e a r I 19.81«* I 39.99” I 11.31” I 69.27**
R esidual 4,683 .35 4,803 .37 2,580 .42 12,098 .38

Three breed combined in one analysis. 
° Sire/year for each breed analysis.
** (p< .01), •  (p< .05).
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APPENDIX TABLE 6 5 . COMPONENTS OF VARIANCE, HERIT A B IL IT IE S  (h 2 ) AND 
STANDARD ERRORS FOR SURV60, SURVI20 AND SURV60120 BY BREED (BIRTH

WEIGHT IN THE MODEL)

R a m b o u ille t T arghee Colum bia Three b re e d 3

No. o b s e r v a t io n
SURV60a

5 ,983  5 ,7 4 8 3 ,2 7 2 15,003
No. s i r e s 280 164 117 561
kb 20.41 34 .00 26 .16 25 .56

aS2 17.83 12.50 127.21 38 .13
a3 2 1 ,1 8 2 .6 0 983 .40 1 ,0 4 6 .1 0 1 ,0 8 0 .0 0

h2” .06 .05 .43 .14
S .E . .02 .02 .07

CVJO

No. o b s e r v a t io n
SURV120a

5 ,9 8 3  5 ,7 4 8 3 ,2 7 2 15,003
No. s i r e s 280 164 117 561
kb 20.41 3 4 .0 0 2 6 .1 6 25 .56

aS2 27 .73 14 .45 109.61 39 .56

0W2 1 ,3 7 5 .9 0 1 ,2 1 7 .4 0 1 ,3 6 5 .2 0 1 ,3 1 6 .3 0
h2 .08 .05 .30 .12
S .E .

CVJO

.02 .05 .02

No. o b s e r v a t io n
SURV60120a 

4 ,9 7 5  4 ,982 2 ,7 1 2 12,669
No. s i r e s 276 163 116 555
kb 17.21 2 9 .6 5 2 1 .6 9 2 1 .7 8

as? 6 .7 3 - 1 .7 7 20 .0 5 5 .9 9
aW2 392 .0 0 3 7 4 .3 0 560 .40 421 .40

h2W .07 - .0 2 .14 .06
S .E . .02 .002 .04 .01

a A n a ly s is  o f  v a r ia n c e  i n  ap p e n d ix  t a b l e  62.
b W e ig h te d  a v e r a g e  n u m b er r e c o r d s  p e r  s i r e  w i t h i n  y e a r  o r  w i t h i n  
b re e d - y e a r  f o r  th r e e  b re e d  com bined.
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APPENDIX TABLE 6 6 . LEAST SQUARES MEANS AND STANDARD ERRORS OF BIRTH 
WEIGHT (BW) ACCORDING TO YEARS AND MONTHS OF LAMBING UNDER VILLAGE AND

EXPERIMENT STATION CONDITIONS

V il la g e  E x p e rim en t s t a t i o n
V a r ia b le s No. BW (k g ) No. BW (kg)

Year
1979 93 1.80 ± .10
1980 29 2 .1 0 ±  .13 68 2 .0 3 ± .10
1981 181 1.97 ± .06 188 1 .79 ± .09
1982 217 1.84 + .06 i • •

Month
J 53 2 .0 8 ± .10 24 1 .97 ± .14
F 48 2 .2 3 + .10 14 2 .1 9 ± .18
M 26 1.99 ±  .13 32 1.93 ± .12
A 17 1.82 ±  .15 18 1 .80 + .16
M 25 1 .88 ± .13 11 1 .7 0 ± .1 8
J 27 1.79 ± .13 8 1 .37 ±  .21
J 37 1.90 ± .1 2 26 2 .0 0 ± .13
A 48 2 .0 6 ± .11 33 1.95 ± -13
S 42 1.93 + .10 62 2 .0 6 ± .10
0 43 1.95 ±  .10 57 1.81 ± .09
N 34 2 .0 6 ±  .11 41 1 .95 + .10
D 27 1.90 ±  .12 23 1.75 ±  .13



APPENDIX TABLE 6 7 . LEAST SQUARES MEANS AND STANDARD ERRORS OF WEIGHT AT 30 D (WBO), WEIGHT AT 60 D
(W 60), WEANING WEIGHT AT 90 D (WWT), AND PREWEANING DAILY GAIN FROM BIRTH TO 90 D

(PREWG) BY YEARS AND MONTHS UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

V ariab les No. W30 (kg) No. W60 (kg) No. W90 (kg) No. PREWG (G)

Village
Year
1980 23 4.22 ± .28 23 6.16
1981 155 4.54 ± ,.1 6 145 6.29
1982 174 4.60 ± .15 141 6.84
Month

J 43 4.29 ±  .23 37 5.95
F 38 4.22 ±  .23 36 6.07
M 20 4.15 ± .30 20 5.54
A 13 4.80 ±  .33 13 6.58
M 22 4.45 ± .29 17 6.27
J 23 4.46 ±  .27 22 6.43
J 29 4.07 ± .25 29 5.73
A 39 4.74 ± .23 31 7.34
S 33 4.68 ± .23 38 7.26
0 36 4.52 ±  .23 24 6.69
N 32 4.50 ± .24 30 6.51
D 24 4.60 ±  .25 22 6.80

± .46 23 7.92 ±  .59 23 62.9 ±  6.61
± .24 138 8.03 ±  .32 138 64.4 ± 3.46
+ .24 123 9.07 ±  .33 123 75.8 ±  3 .65

± .40 35 7.34 ±  .53 35 56.7 ± 5.89
±  .36 35 7.33 ± .48 35 56.1 ±  5.36
± .47 20 6.66 ± .60 20 49.7 ± 6 .6 2
±  .79 10 8.92 ± .79 10 74.2 ± 8.82
+ .49 12 8.82 ± .72 12 73.7 ± 7.89
± .45 22 9.00 ±  .58 22 75.5 ± 6.43
±  .41 26 7.62 ± .54 26 59.8 ±  5.99
± .40 31 9.70 ± .51 31 82.6 ± 5.71
±  -37 24 9.01 ±  .51 24 75.0 ± 5.70
±  .42 19 8.84 + .59 19 72.9 ± 6.60
± .37 28 8.47 ± .49 28 69.0 ±  5.45
± .42 22 8.34 ± .55 22 67.3 ± 6.11
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APPENDIX TABLE 67» (CONTINUED)

V ariab les No. W30 (kg) No. W60 (kg) No. W90 (kg) No. PREWG (G)

Fbcneriment s ta t io n
Year
1979 28 4.23 + .28 28 6.39
1980 46 5.77 ±  -25 46 9.22
1981 126 4.85 ± .38 123 6.65
Month

J 16 4.94 ± .31 16 7.10
F 10 5.12 ± .38 10 7.39
M 14 5.89 ±  .32 14 9.38
A 5 5.88 ± .46 5 8.68
M 7 4.50 ± .67 7 6.98
J 6 5.12 ± .45 6 7.78
J 19 4.46 + .28 19 6.79
A 19 4.73 ± -32 18 6.74
S 39 4.28 ± .27 38 6.47
0 33 4.75 ± -21 32 7.22
N 18 4.84 ± .28 18 7.46
D 14 4.87 ± .29 14 7.04

±  .57 28 7.82 ± .57 28 60.7 ± 6.36
± .37 46 11.67 ±  .46 46 105.9 ± 5 .16
±  .25 113 9.15 ±  *42 113 75.2 ± 4.54

± .50 9 9.63 ±  .75 9 82.0 ± 8.43
+ .61 10 8.66 ± .76 10 72.6 ± 8.55
± .49 14 13.06 ± .63 14 120.8 ± 7.00
± .91 5 12.57 i  .91 5 115.1 ±10.18
±  .67 7 8.32 ±  .80 7 66.4 i  8.94
±  -71 6 9.45 ± .88 6 76.3 ± 9.63
± .71 19 9.08 ± .56 19 74.7 ±  6.21
± .41 17 8.40 ± .66 17 67.0 ± 7.31
± .41 37 8.16 ± .54 37 66.7 ± 5.99
± .32 31 9.55 + .41 31 80.2 ± 4.50
±  .43 18 8.78 ± .55 18 73.1 ± 6.13
±  -47 14 8.92 ±  .57 14 72.4 ± 6.29

M
B



APPENDIX TABLE 68. LEAST SQUARES MEANS AND STANDARD ERRORS OF WEIGHT AT 120 D (W120), WEIGHT AT 150 D 
(W150), WEIGHT AT 180 D (W180), POSIWEANING DAILY GAIN FROM WEANING AT 90 D TO 180 DAY (POSTWG) BY YEARS 

AND MONTHS OF BIRTH UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

Variables No. WI20 (kg) No. W150 (kg) No. Wl80 (kg) No. POSIWG (g)

Village
Year
1980 19 9.86 ± .76 16 11.17 ± .94 11 13.64 + 1.28 11 63.7 ± 8.62
1981 126 9.43 ± .40 120 10.58 ± .46 105 12.08 + .59 105 47.5 ± 3.94
1982 106 10.63 + .44 69 12.50 ± .87 41 13.67 + .87 41 51.6 ± 5.80
Month

J 35 8.74 ±  .67 32 9.06 ± .81 13 10.85 ± 1.29 13 43.9 ±  8.70
F 35 8.86 + .61 22 9.74 ± .81 19 12.22 ± 1.06 19 54.3 ±  7.14
M 15 8.73 ± .79 9 9.39 ±  I .16 8 11.71 ± 1.44 8 61.5 ±  9.64
A 9 11.08 ± .99 S 13.15 ± I .13 8 15.29 ± 1.39 8 75.2 ± 9.32
M 11 10.47 ± .92 7 13.24 ± I .24 7 15.27 ± 1.47 7 61.1 ±  9.83
J 21 10.79 ± .71 20 12.46 ± .84 16 14.57 ± 1.09 16 62.1 ± 7.33
J 25 9.23 ± .67 14 11.07 ± .98 12 12.97 ± 1.25 12 49.4 + 8.36
A 20 11.24 ± .70 18 12.72 ± .85 14 13.01 ± 1.08 14 49.0 ± 7.20
S 22 10.76 ± .65 19 12.14 ± .80 13 13.94 ± 1.11 13 51.6 ± 7.44
0 17 10.70 ± -73 17 12.08 ± .85 16 13.07 ± 1.00 16 49.1 + 6.74
N 21 9.47 ± .66 21 10.89 ± .78 16 11.68 ± .99 16 41.8 + 6.61
D 20 9.60 + .68 17 11.04 ± .86 15 13.00 ± 1.07 15 52.2 ± 7.14
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APPENDIX TABLE 68. (CONTINUED)

V ariab les No. W120 (kg) No. Wl50 (kg) No. Wl80 (kg) No. POSlWG (g)

Rynprimpnt station
Year
1979 28 8.39 ±  .68 28 9.24 i  .61 28 10.32 ± .66 28 24.9 ±  4.97
1980 45 13.83 ±  .52 43 16.58 ±  .46 41 19.31 ± .49 41 77.7 ± 3.71
1981 100 10.11 ± .41 60 12.63 ± .48 47 14.73 + .56 47 58.8 ±  4.08
Month

J 9 11.17 ± .91 4 11.55 + 1.21 4 14.48 ± 1.28 4 59.3 ±10.02
F 10 10.06

goCO•H 9 12.04 ±  .87 9 14.31 ± • 93 9 62.2 ± 7.16
M 14 14.98 ± .71 14 17.89 ±  .70 14 19.43 ± .74 14 64.1 ± 5.75
A 5 14.57 ±  1.06 5 17.56 ± 1.10 5 18.83 ± 1.17 5 70.1 ± 8.93
M 7 9.73 ±  .96 6 11.73 ± 1.01 6 13.03 ± 1.07 6 38.0 ± 8.22
J 6 10.00 ± 1.02 5 11.83 ± 1.12 4 13.91 ± 1.30 4 50.1 ± 9.73
J 18 9.61 ± .65 14 11.53 ± -74 14 12.78 ± .79 14 36.9 ± 6.08
A 16 9.62 + .76 16 11.15 + .69 15 13-32 ± .77 15 49.8 ± 5.68
S 36 8.90 ± .59 32 10.17 ± .52 23 11.13 ± .62 23 40.0 ± 4.71
0 30 10.37 ± .46 11 11.97 ± .74 9 14.18 ± .89 9 51.8 ± 6.93
N 14 10.55 ± .62 7 14.02 ± .98 7 17.07 ± 1.05 7 63.2 ± 8.30
D 8 9.79 ± .90 8 12.37 ± .90 6 -Cr VO OO ± 1.08 6 60.6 ± 8.07

IX)
CTN



APPENDIX TABLE 69. LEAST SQUARES MEANS AND STANDARD ERRORS OF WEIGHT AT 270 D (W270) AND YEARLING WEIGHT 
(YWT) BY YEARS AND MONTHS UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

YillSKS Experiment s ta t io n
Year No. W270 (kg) No. YWT (kg) No. W270 (kg) No. YWT (kg)

Year
1979 . . . e • e 26 16.28 ± 1.14 23 27.10 ± 1.62
1980 3 11.01 + 2.56 e • • 33 24.10 ± 0.93 24 27.77 ± 1.53
1981 61 12.19 + 1.20 • • e 15 19.77 ±  1.66 7 22.20 + 4.30
Month

J 6 11.08 + 2.29 I 15.90 ± 4.31 4 20.01 ± 1.97 4 25.80 ±  2 .99
F 10 11.74 + 1.92 3 10.77 + 2.45 8 19.93 ± 1.84 4 27.66 ± 3.88
M 2 10.26 ±  3.21 I 12.66 ± 4.13 11 21.30 ± 1.45 10 19.37 ± 2.62
A 3 13.08 ±  2.72 I 14.50 ± 4.31 5 22.37 ± 1.77 4 23.36 ± 3.88
M 2 17.15 ±  3.73 2 15.39 ±  3.07 5 17.55 ± 1.71 I 21.75 ± 4.52
J 9 12.34 ± 1.91 5 15.67 ± 1.98 3 17.39 ± 2.13 I 32.77 ± 4.72
J 8 12.33 ±  2.12 7 13.94 ± 1.73 12 18.81 ± 1.48 8 24.46 ± 2.45
A 6 14.05 + 2.30 3 14.91 + 2 .72 I 17.15 ± 3-92 . . .
S 6 16.54 ± 2.15 5 18.58 + 1.77 6 17.84 ± 1.71 6 25.31 ± 2.44
O 10 13.00 + 1.72 6 14.19 + 1.61 8 22.15 ± 1.45 7 27.13 ± 2.40
N 7 11.94 ± 2.06 5 14.31 ±  1.98 7 25.30 ± 1.67 5 29.35 ± 2.71
D 8 12.69 ± 2.07 2 18.74 ± 3.15 4 20.81 ± 1.95 4 25.62 ± 2.76
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APPENDIX TABLE 70. LEAST SQUARES MEANS AND STANDARD ERRORS OF MATING
WEIGHT (MTWT) BY YEARS AND MONTHS OF MATING UNDER VILLAGE AND

EXPERIMENT STATION CONDITIONS

V a r ia b le s
______V il la g e ______ E x p erim en t s t a t i o n
No. MTWT (kg ) No. MTWT (kg)

Year
1980 18 2 2 .1 2 ± 1 .14 49 2 2 .6 2 ± 1 .14
1981 143 22 .21 ± .45 74 2 5 .1 6 ±  1 .48
1982 51 23 .3 2 ± .7 0
n th

J 13 23 .0 4 ± 1.21 3 2 0 .9 8 ± 2 .7 4
F 17 2 1 .5 8 ± 1.11 11 19 .00 + 1 .54
M 25 23 .7 2 ± 1 .04 16 2 1 .4 8 ± 1 .54
A 17 2 0 .4 3 ± 1 .09 28 23-07 + 1 .32
M 20 21 .57 ± 1.06 22 2 0 .9 0 ± 1 .13
J 19 2 2 .8 7 ± 0 .9 3 12 2 1 .9 4 ± 1 .47
J 11 23.71 ± 1.21 9 2 4 .0 7 ± 1 .59
A 31 22 .4 5 ± 0 .8 4 11 2 6 .6 2 ± 1.74
S 28 21 .8 0 ± 0 .8 0 6 2 7 .3 8 ± 2 .3 5
0 10 23 .14 ± 1 .28 3 2 6 .2 2 ± 2 .7 4
N 6 24 .04 ± 1.61 I 2 3 .9 9 ±  5 .1 3
D 15 2 2 .2 2 ± 1 .05 I 3 1 .0 7 ± 4 .4 9
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APPENDIX TABLE 71. LEAST SQUARES MEANS AND STANDARD ERRORS OF
POSTPARTUM WEIGHT (PPWT) BY YEARS AND MONTHS OF LAMBING UNDER VILLAGE

AND EXPERIMENT STATION CONDITIONS

V il la g e Exoerim enb s t a t i o n
V a r ia b le s No. PPWT (kg) No. PPWT (kg)

Year
1979 6 19 .50 ± 2 .2 0
1980 28 2 5 .1 7 t  .87 35 2 8 .3 5 ± 1.12
1981 132 2 3 .4 0 ± .4 9 106 25 .41 ± .74
1982 145

O
OONmCSJ *  .48

Month
J 31

inCSJ

.=TCSJ ± .81 12 2 4 .7 4 ± 1 .65
F 33 23 .05 ±  .78 6 2 8 .7 8 + 2 .1 6
M 18 2 4 .0 5 ± .93 4 2 7 .4 6 ± 2 .4 9
A 18 23 .95 ±  .9 5 3 18 .25 ± 2 .7 7
M 16 23 .74 ± 1 .00 4 2 3 .8 2 ± 2 .43
J 22 24 .0 5 *  -92 4 2 1 .4 4 ±  2 .3 8
J 26 24 .43 ± .8 9 13 24.41 ± 1 .50
A 33 25 .33 ±  .8 2 17 2 3 .1 5 ± 1 .53
S 28 2 3 .6 5 ± .7 9 32 2 4 .2 8 ± 1 .28
O 32 24 .1 9 ±  .77 25 2 4 .4 9 ± 1 .08
N 26 2 3 .7 8 ± .82 14 2 5 .5 7 ± 1 .29
D 22 25.01 ±  .8 8 13 27 .6 3 ± 1.40
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APPENDIX TABLE 72. LEAST SQUARES MEANS AND STANDARD ERRORS OF LITTER
SIZE BORN (LSIZE) BY YEARS AND MONTHS OF LAMBING UNDER VILLAGE AND

EXPERIMENT STATION CONDITIONS

V lllaK G Exoerimenfc s t a t i o n
V a r ia b le s No. LSIZE No. LSIZE

Year
1979 •  •  • 37 2 .4 5 ±  .21
1980 29 1 .45  ± .13 35 1.72 ±  -19
1981 132 1 .50  ± .07 101 1.73 ± -12
1982

Month
145 1.38  + .06 55 1 .99 ±  .16

J 31 1 .76  ± .13 12 2 .0 7 ± .2 9
F 34 1.46  + .12 6 2 .6 6 ±  .42
M 18 1 .75  ± .15 18 1.77 ± .24
A 18 1.14 ± .15 17 1.50 ±  -24
M 16 1 .50  ± .16 8 1 .99 ±  .3 5
J 22 1 .30  ±  .14 5 1.64 ±  -43
J 26 1 .40  ± .14 31 1 .94 ± .1 9
A 33 1 .50  + .12 22 1.91 + .22
S 28 1 .50  ± .1 2 33 2 .1 7 ±  .21
O 32 1 .47  ± .12 34 1.97 ± .17
N 26 1 .29  ±  .1 2 18 2 .2 3 ± .23
D 22 1.25  ±  .14 24 1.84 ±  .21
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APPENDIX TABLE 7 3 -  LEAST SQUARES MEANS AND STANDARD ERRORS OF LITTER
S IZ E  WEANED (LSWEAN) BY YEARS AND MONTHS OF LAMBING UNDER VILLAGE AND

EXPERIMENT STATION CONDITIONS

V il la g e Exoerimenfc s t a t i o n
V a r ia b le s No. LSWEAN No. LSWEAN

Year
1980 28 1.46 ± .14 35 1 .7 2  ± .22
1981 131 1.46 ± .08 102 1 .22  ±  .14
1982 120 1.26 ± .0 8 • • e

Month
J 30 1.33 ± .14 8 1 .3 6  ±  .28
F 33 1.39 ± .13 6 1 .79  ± .31
M 18 1 .52 ± .1 5 4 1 .26  ± .36
A 16 1.41 + .16 3 1 .12  ± .41
M 11 1 .59 ± .1 9 4 1 .9 8  ± .36
J 22 1.46 ± .15 4 1 .63  ± .36
J 25 1.43 ± .14 13 1.61 ± .22
A 33 1.21 ±  .13 17 1 .15  ± .21
S 23 1.31 ± .1 3 32 1 .4 0  ± .1 8
O 21 1 .28 ±  .14 23 1 .5 7  ±  .17
N 25 1.42 ± .13 12 1 .3 8  ± .22
D 22 1.39 ±  .14 11 1 .4 0  ±  .24



APPENDIX TABLE T2L LEAST SQUARES MEANS AND STANDARD ERRORS OF NEONATAL SURVIVAL (NSURV), LIVABILITY AT 30 D 
(LIV30), LIVABILITY AT 60 D (LIV 60), LIVABILITY AT 90 D (LIV90) UNDER VILLAGE AND EXPERIMENT STATION

CONDITIONS

V ariab les  No. NSURV ($) No. LIV30 (%) No. LIV60 ( I )  No. LIV90 ($)

Village
Year
1980 29 97.1 ± 3 .5 29 77.5
1981 132 95.1 ± 2 .0 132 80.7
1982 145 92.0 ± 2 .0 145 77.6
Month

J 31 98.2 ± 3 .3 31 78.3
F 34 94.2 ± 3.1 34 74.6
M 18 99.3 ± 3 .7 18 76.2
A 18 90.1 ± 3 .9 18 74.1
M 16 98.0 ±  4.1 16 78.4
J 22 91.8 ± 3 .7 22 73.0
J 26 93.5 ± 3 .6 26 76.9
A 33 97.4 ± 3 .3 33 76.6
S 28 92.3 ± 3 .2 28 86.7
0 32 94.5 ± 3.1 32 81.6
N 26 94.8 ±  3 .3 26 84.5
D 22 92.7 ± 3 .6 22 82.6

± 7 .6 29 81.2 ± 8.9 29 79.7  ± 9 .5
± 4 .4 131 80.8 ± 5 .2 131 75.7  ± 5 .6
±  4 .6 130 70.6 ± 5.4 122 67.4 ± 5 .9

±  7 .4 31 65.6 ± 8.6 30 58.9 ± 9.4
± 6 .7 34 76.8 ± 7 .8 34 74.0  ± 8.4
± 8 .3 18 79.2 ± 9.6 18 79.0  ±10.4
± 8.5 18 79.9 ± 9 .9 16 79.1 ±11.1
± 8 .9 13 81.3 ±11.1 12 80.8 ±12.4
+ 8 .2 22 77.1 ± 9 .4 22 77.3 ±10.1
± 7 .9 26 83.4 ± 9.2 25 78.1 ±10.0
± 7 .2 33 63.7 ± 8.3 33 63.1 ± 9 .0
± 7 .0 26 86.6 ± 8.2 24 81.6 ± 9.1
± 6 .9 22 75.4 ± 9 .0 21 67.4 ± 9 .9
±  7 .3 25 84.3 ± 8.5 25 75.1 ± 9.2
± 7 .9 22 77.0 ± 9.1 22 76.8  ± 9 .8
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APPENDIX TABLE 7 1 . (CONTINUED)

V ariab les  No. NSURV (%) No. LHBO (*) No. LH60 (S) No. LH90 (S)

tpent s ta t io n
Year
1980 35 88.1 ±  4 .3 35 58.6
1981 106 88.2 ± 2 .9 106 64.3
Month

J 12 91.1 ± 5 .8 12 56.9
F 6 86.0 ± 7 .9 6 83.4
M H 85.1 ± 9.2 4 61.6
A 3 91.3 ±10.5 3 18.5
M it 67.7 ± 9.1 4 66.1
J it 91.5 ± 9 .1 4 73.8
J 13 92.5 ±  5.1 13 75.7
A 17 88.3 ± 5 .2 17 60.0
S 32 87.5 ±  4 .2 32 61.3
0 23 92.3 ± 4.1 23 67.0
N 12 92.8 ±  5 .5 12 55.1
D 11 91.3 ± 5 .8 11 57.8

± 9 .5 35 58.7 ± 9.6 35 56.1 ± 9.8
± 6 .5 106 63.3 ± 6 .5 102 59.8  ± 6 .8

±13.0 12 57.1 ±13.1 8 42.7 ±15.8
±17.6 6 83.8 ±17.7 6 82.3 ±17.9
+20.4 4 61.6 ±20.6 4 58.9 ±20.7
±23.2 3 17.7 ±23.4 3 14.8 ±23.5
±20.2 4 66.1 ±20.3 4 64.0  ±20.5
±20.2 4 74.0 ±20.3 4 73.2 ±20.4
±11.4 13 74.8 ±11.5 13 70.9  ±11.5
±11.6 17 57.6 ±11.7 17 54.9 ±11.8
± 9.3 32 59.9 ±  9.3 32 57.4 ± 9.4
± 9 .2 23 65.2 ± 9.3 23 61.0  ± 9 .3
±12.2 12 55.9 ±12.3 12 56.8 ±12.4
±12.9 11 58.4 ±12.9 11 58.8  ±13.1
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APPENDIX TABLE 75. LEAST SQUARES MEANS AND STANDARD ERRORS OF LITTER WEIGHT AT BIRTH (LTWB), LITTER WEIGHT 
AT 30 D (LTWT30), LITTER WEIGHT AT 60 D (LTWT60), LITTER WEIGHT AT 90 D (LTWT90) BY YEARS AND MONTHS OF

LAMBING UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

V ariab les  No. LTWB (kg) No. LTWT30 (kg) No. LIWT60 (kg) No. LTWT90 (kg)

ViITage
Year
1980 19 3.79 ±  .24 19 5.29 ±  .77 19 8.40 ± 1.21 19 10.45 ± 1.62
1981 127 3.51 ±  .13 127 6.14 ± .38 126 8.89 + .60 126 10.59 ± .81
1982 145 3.35 ± .12 144 5.75 ± .37 129 8.14 ± .59 118 9.94 ±

a

Month
J 31 3.65 ±  .20 31 6.01 ± .63 31 7.94 ± 1.00 31 12.78 + 1.93
F 33 3.89 ±  .19 33 5.33 ±  .60 32 8.17 ± .96 32 11.25 + 1.51
M 14 3.58 i  .26 14 5.55 ±  .81 14 8.24 ± 1.26 14 10.00 ± 1.47
A 14 3.44 ±  .26 14 5.33 + .82 14 8.32 ± 1.29 12 9.65 ± 1.34
M 16 3.47 ± .24 16 5.92 i  .77 13 9.19 ± 1.29 10 11.16 ± 1.37
J 21 3.35 ±  .23 21 5.47 ±  .72 21 8.51 ± 1.13 21 8.53 ± 1.43
J 25 3.45 ± .22 25 5.03 ± .70 25 8.08 ± 1.09 24 10.74 + 1.32
A 32 3.67 ±  .20 32 5.74 ±  .64 32 7.57 ± 1.00 32 10.21 ± 1.38
S 27 3.67 ± .20 27 6.34 ±  .62 25 9.73 ± .98 22 10.26 ± 1.14
O 31 3.26 ±  .19 30 5.67 + .60 21 8.05 ± 1.05 20 10.65 + .88
N 25 3.67 ± .20 25 6.32 ± -63 24 9.36 ± .99 24 10.35 ± 1.02
D 22 3.49 ± .21 22 6.03 + .66 22 8.59 ± 1.03 22 10.04 ± 1.23

IlE
E



A P P E N D I X  T A B L E  7 5 .  ( C O N T I N U E D )

V ariab les No. LlVIB (kg) No. L1WT30 (kg) No. LTWT60 (kg) No. L1WT90 (kg)

RYnprirnpnh Station
Year
1980 35 JJ.36 ± -25 35 7.58 ±  .92 35 12.13 ± 1.40 35 14.74 + 1.71
1981 106 3.75 + .16 106 5.61 t  .66 106 8.36 ±  .96 106 10.54 ± 1.19
Month

J 12 JJ.32 ± -33 12 6.67 ±  1.20 12 9.99 ±  1.91 6 12.01 + 2.77
F 6 JJ.97 ±  .44 6 8.24 ± 1.63 6 12.22 ± 2 .59 6 14.34 + 3.13
M JJ 3.84 ± .53 4 7.16 ± 1.89 4 11.25 ± 3.00 4 15.59 + 3.64
A 3 2.78 ± .60 3 3.80 ± 2.15 3 6.43 ± 3.41 3 8.85 ± 4.13
M JJ 4.00 ± .51 4 7.67 ±  1.87 4 11.64 ±  2.97 4 14.58 ± 3 .59
J JJ 3-35 ±  .51 4 7.01 ± 1.87 4 10.98 ± 2.97 4 12.91 ± 3 .59
J 13 4.30 ± .29 13

0
02

±  1.06 13 12.10 ±  1.68 13 14.68 ± 2.02
A 17 4.38 ± .29 17 5.85 ± 1.08 17 8.59 ± 1.71 17 10.42 ± 2.08
S 32 4.45 ± .23 32 6.03 i  .86 32 9.14 ±  1.36 32 11.34 ± 1.66
0 23 4.09 ± .23 23 6.88 ±  .85 23 10.52 ± 1.35 22 13-05 ± 1.63
N 12 4.38 ± .32 12 6.14 ± 1.13 12 10.00 ± 1.79 12 11.53 ± 2.17
D 11 3.82 ±  .34 11 6.42 ± 1.19 11 10.11 ± 1.89 11 12.38 + 2 .30
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2 2 6

A P P E N D I X  T A B L E  7 6 .  L E A S T  S Q U A R E S  M E A N S  A N D  S T A N D A R D  E R R O R S  O F  L A M B I N G
I N T E R V A L  ( L I N T )  B Y  Y E A R S  A N D  M O N T H S  O F  L A M B I N G  U N D E R  V I L L A G E  A N D

EXPERIMENT STATION CONDITIONS

V a r ia b le s
V i l la g e E x o erim en t s t a t i o n

No. LINT (d ) No. LINT (d)

Year
1979 35 2 7 9 .3  ± 2 0 .2
1980 15 2 5 7 .3  ± 3 3 .6 20 2 4 1 .7  ± 2 3 .8
1981 56 2 9 5 .6  ± 2 0 .5 58 2 3 6 .2  ± 17.9
1982 12 2 2 5 .0  ± 49.1 *  *  *

Month
J 6 2 0 6 .0  ± 5 8 .8 4 2 7 2 .2  ± 3 6 .6
F 9 2 5 9 .5  ± 3 3 .7 5 199 .5  ± 35 .6
M 6 218 .1  + 40 .2 17 2 6 2 .0  ± 2 2 .7
A 7 2 9 7 .5  ± 4 0 .4 10 2 0 9 .8  ± 2 5 .6
M I 26 8 .2  + 8 8 .8 5 2 5 0 .4  ± 32.2
J 4 2 9 2 .7  ± 4 8 .7 3 2 3 7 .8  + 4 1 .8
J 6 28 7 .4  ± 4 4 .8 12 2 6 9 .0  ± 2 3 .2
A 8 2 1 3 .9  ± 3 6 .2 8 259 .1  ± 3Q.2
S 11 2 9 0 .8  ± 33 .4 16 2 7 9 .9  ± 22 .6
O 8 27 6 .7  ± 3 6 .7 16 3 0 2 .6  + 19 .0
N 8 2 3 1 .2  ± 36 .4 12 2 6 0 .8  + 2 2 .0
D 9 269 .4  ± 36.1 5 2 2 5 .9  ± 3 4 .7
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APPENDIX TABLE 7 7 . ANALYSIS OF VARIANCE OF MATING WEIGHT AND 
POSTPARTUM WEIGHT UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

S ource  o f  v a r i a t i o n d f Mean s q u a re s d f Mean s q u a re s

L o c a tio n  (L) I
V i l la c e
13-70 I 11.09+

Ewe/L 120 16.36** 166 14.18*«
Type o f  b i r t h 2 .1 0
Year 2 5 .3 7 2 6 .5 0
Month 11 2 .3 7 11 3 .9 6
Ewe age 3 14.92** 3 11.42»
R e s id u a l 29 3 .0 7 59 3 .6 4

Ewe 73
E xoerim en t s t a t i o n  

19.55** 74 23 .25**
Type o f  b i r t h 3 9 .6 7
Year I 30 .98* 2 79 .08**
Month 11 19.48+ 11 15.00+
R e g re s s io n s  
Ewe age l i n e a r I .74 I 1 .02
Ewe ag e  q u a d r a t ic I 39 .00* •  •  •

R e s id u a l 10 7 .0 3 22 5 .7 8

• •  ( p < .0 1 ) ,  •  ( p < .0 5 ) ,  + (p < .1 )



2 2 8

APPENDIX TABLE 7 8 . ANALYSIS OF VARIANCE LITTER SIZE BORN (LSIZE) AND 
LITTER SIZE WEANED (LSWEAN) UNDER VILLAGE AND EXPERIMENT STATION

CONDITIONS

LSIZE LSWEAN
Source of varia tion df Mean squares df Mean squares

L o c a tio n  (L) I
V i l la g e

4 .586** I .713
Ewe/L 166 .362+ 162 .325
Type o f  b i r t h •  •  • 2 .844+
Year 2 .278 2 .587
Month 11 .351 11 2 .1 4 0
Ewe age 3 .130 3 .118
L x Ewe age 3 .392
Y ear x Ewe age 6 .628+
R e g re s s io n s  
PPWTa l i n e a r I 3 .380**
PPWT q u a d r a t ic I .046
R e s id u a l 65 .261 38 .324

B reed
E x o erim en t s t a t i o n
I .043

Ewe/Breed 113 .961 73 .441
Type o f  b i r t h  (TB) 3 1.093+
Year 3 1.160 I 4 .026**
Month 11 .217 11 .389
TB x Year 3 .271
R e g re s s io n s  
Ewe age l i n e a r I .218
R e s id u a l 98 • 774 13 • 375

a = p o s tp a r tu m  w e ig h t.
** ( p < .0 1 ) ,  * ( p < .0 5 ) ,  + ( p < .1 ) .



APPENDIX TABLE 7 9 . ANALYSIS OF VARIANCE OF NEONATAL SURVIVAL (NSURV), LIVABILITY AT 30 D (L IV 30),
LIVABILITY AT 60 D (L IV 60), LIVABILITY AT 90 D (LIV90) UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

Source o f v a r ia t io n
NSURV L m o  f t ) LIV60 f t ) LIVQO f t )

df Mean squares df Mean squares df Mean squares df Mean squares

YiliSKS
Location  (L) I 333.4 I 4,320.5+ I 4,411.5+ I 3,810 .7
Ewe/L 166 295.6« 166 1,162.3 162 1,547.6 162 1,674.8
Type of b i r th (TB) 2 434.3« 2 1,218.3 2 2,174.1 2 1,976.9
Year 2 55.1 2 204.5 2 836.7 2 1,855.5
Month 11 46.3 11 739.9 11 2,071 .9 11 2,489.7
Ewe age 3 149.2 3 5,091.6«« 3 5,792.8** 3 4,425.6«
L x Ewe age . . . 3 5 ,627 .3” 3 6,842.4** 3 6 ,8 0 3 .9 ”
R esidual 63 102.9 60 1,112.3 52 1,300.4 48 1,443.0

Ebcneriment s ta t io n
Ewe 74 378.7 74 1,530.3 74 1,564.5 73 1,543.8
Type of b i r th (TB) 3 455.7 3 42.4 3 74.1 3 190.9
Year I 178.1 I 10 ,566.7” I 11,454.5” I 8,237.2*
Month 11 238.3 11 1,121.5 11 1,142.6 11 1,029.5
R esidual 15 344.8 18 963.6 18 1,038.8 16 1,060.1

** (p< .01), * (p< .05 ), + (p<.1)
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APPENDIX TABLE 8 0 . ANALYSIS OF VARIANCE OF LITTER WEIGHT AT BIRTH (LTWB), LITTER WEIGHT AT 30 D (LIWT30),
LITTER WEIGHT AT 60 D (LTWT60), AND LITTER WEIGHT AT 90 D (LTWT90) UNDER VILLAGE AND EXPERIMENT STATION

CONDITIONS

Source of variation
LTWB (kc) LTWT30 fke) LTWT60 fke) LTWTQO (Ick)

df Mean squares df Mean squares df Mean squares df Mean squares

V illag e
Location (L) I 9.376«» I 49.27« I 116.81« I 186.06«
Ewe/L 162 .766 162 8.38 158 20.19 158 32.14
Type of birth (TB) 2 3.248»« 2 17.28 2 30.97 2 34.92
Year (Y) 2 .011 2 11.73 2 6.18 2 3.75
Month 11 .808 11 10.39 11 31.21+ 11 61.69«
Ewe age (EA) 3 .152 3 15.80 3 16.39 3 33.78
L x TB I .773 . . . . . .
L X EA e e • 2 16.54 . . .
Y X EA • • e 6 13-32 . . .
ResidUEil 53 .608 44 7.53 45 16.61 40 28.86

Exneriment station
Ewe 74 1.127 74 15.45 74 38.39 73 54.44
Type of birth 3 9.474«» 3 7.52 3 14.20 3 14.76
Year I .777 I 157.74»« I 525.23«« I 617.14««
Month 11 .304 11 14.59 11 47.24 11 60.83
Regressions
Ewe age linear I .057 . . . . . . . . .
Residual 17 .687 18 11.81 18 35.56 16 51.07

** (p< .01), * (p< .05), + (p< .1 ).
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APPENDIX TABLE 8 1 . ANALYSIS OF VARIANCE OF BIRTH WEIGHT (BW), WEIGHT AT 30 D (W 30), WEIGHT AT 60 D (W60),
WEANIING WEIGHT AT 90 D (WWT)1 AND PREWEANING DAILY GAIN (PREWG) UNDER VILLAGE AND EXPERIMENT STATION

CONDITIONS

Source o f v a r ia t io n
BW (ke) WRO (Iur) W60 fkc) WWT fke) PREWG fc)

df MJT df MSa df MSa df MS“ df MS*

V illage
Location (L) I .338 I .46 I 10.854 I 34.11+ I 3,799.97+
S ire /L 30 .583** 28 2.47** 28 5.34** 28 9.51*« 28 1,166.24«*
Sex I .097 I 6.02* I 9.86+ I 50.15** I 4,374.41«*
Type of b i r th  (TB) 2 7.050«« 2 20.72*« 2 36.49*« 2 53.75** 2 3,593.59«*
Year 2 .394 2 .08 2 3.20 2 4.36 2 266.65
Month 11 .469+ 11 1.74 11 3.41 11 5.83 11 627.06
Age o f dam (AD) 3 .900* 3 .61 3 1.76 3 1.70 3 205.05
Sex x TB 2 .352 • • e • e e
L x TB 2 6.10»* 2 14.41* 2 1,009.13
AD x TB 6 1.44 • e e
L x Sex . . . I 13.08+ I 1,671.89+
Residual 195 .271 143 1.24 130 2.70 111 3.91 111 461.51

ExDerIlJgĝ tit
Breed (B) I .041 I 1.52 I .43 I 13.26 I 1,203.71
S ire /B 9 .451 9 1.99* 9 5.86« 9 14.41«« 9 1,286.99**
Sex I .563 I 4.41« I 18.45*« I 1.97 I 199.15
Type o f b i r th  (TB) 3 X

r
O

O * # 3 41.59»» 3 86.00** 3 126.85** 3 8,220.42**
Year 2 .221 2 19.36»« 2 47.33«* 2 86.32** 2 9,120.28«*
Month 11 .408 11 3.16** 11 7.67»* 11 19.18«* 11 2,178.42**
Sex x TB . . . 3 4.50
Breed x Sex . . . I 39.72** I 4,489.76**
R egressions
Age o f dam l in e a r I .051 I 7.79** I 10.04* I 6.59 I 565.72
Age o f dam q u a d ra tic I .279 I 6.98** I 8.43+ I 20.01* I 1,353.97+
Residual 250 .297 137 .94 131 2.34 133 4.26 133 433.61

a  MS = Mean squares
** (p< .01), • (p < .0 5 ), + (p < .1 ).
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APPENDIX TABLE 8 2 . ANALYSIS OF VARIANCE OF BIRTH WEIGHT (BW), WEIGHT AT 30 D (W30), AND WEIGHT AT 60 D
(W60) UNDER VILLAGE AND EXPERIMENT STATION CONDITIONS

BW fkc) W% fke) W60 tke)
Source o f v a r ia t io n df Mean squares df Mean squares df Mean squares

L ocation (L) I .084
V illa c e

I 6.18 I 18.39+
S ire /L 28 .469** 28 2.73»* 28 5.23**
Sex I 1.370* I 10.50** I 22.49*«
Type of b i r th  (TB) 2 4.504«« 2 17.69** 2 32.68**
Year 2 .410 2 .35 2 2.82
Month 11 .338 11 .97 11 2.34
Age of dam 3 .588* 3 1.38 3 1.06
L x Sex I .004 I .46 I 4.58
L x TB 2 .929* 2 4.85* 2 11.60*
Residual 111 .209 111 1.20 111 2.54

Breed (B) I
Exneriment s ta t io n  

.157 I 2.30 I .75
S ire /B 9 .494«« 9 1.92* 9 5.65*
Sex I .057 I .79 I 3.22
Type of b i r t h  (TB) 3 8.794«* 3 40.60*» 3 85.41**
Year 2 .514+ 2 19.25** 2 54.87**
Month 11 .536«« 11 2.95«« 11 8.43**
B x Sex I .005 I .67 I 2.66
R egressions 
Age of dam l in e a r I .377 I 6.12« I 11.26*
Age o f dam q u a d ra tic I 1.088« I 5.21» I 11.67*
Residual 133 .184 133 .95 133 2.38

• •  (pC.O I), * (p < .0 5 )f + (p<.1)
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