




s i z e ,  m i l k  p r o d u c t io n ,  and o t h e r  c h a r a c t e r i s t i c s  i n  o r d e r  to  a v o id  c a l v i n g  
d i f f i c u l t y  and to  s t a b i l i z e  n u t r i t i o n a l  and m a n a g e r i a l  r e q u i r e m e n t s  i n  th e  cow 
h e r d .  In  r o t a t i o n a l  s y s t e m s ,  c o m p le m e n ta r i t y  cannot be e x p l o i t e d  because  on th e  
a v e ra g e  each b re e d  c o n t r i b u t e s  i t s  s t r e n g t h s  and w e a k n e sse s  e q u a l l y  to  th e  
p r o d u c t io n  s y s t e m .

R o t a t i o n a l - t e r m i n a l  s i r e  sy s tem s  combine th e  a d va n ta g e  o f  use o f  complemen
t a r i t y ,  p r o v id e d  f o r  by s t a t i c - t e r m i n a l - s i r e  s y s t e m s ,  w i t h  t h e  ad van tag e  o f  h ig h  
l e v e l s  o f  h e t e r o s i s ,  p ro v id e d  f o r  by r o t a t i o n a l  s y s t e m s ,  to  m ax im ize  e f f i c i e n c y  
o f  p r o d u c t io n  i n  h e rd s  where th e y  a re  o p e r a t i o n a l l y  f e a s i b l e .  R o t a t i o n a l -  
t e r m i n a l  s i r e  sy s te m s  can  re d u ce  b r e a k - e v e n  c o s t s  o f  p r o d u c t io n  4 to  5 p e rc e n t  
r e l a t i v e  to  r o t a t i o n a l  c r o s s b r e e d in g  a lo n e  and 8  to  1 0  p e rc e n t  r e l a t i v e  to 
s t r a i g h t b r e e d i n g  (N o t t e r  e t  a l . ,  1 9 7 9 ) .

C om posite  b reed  developm ent based on i n t e r  se  m ating  i n  a p o p u la t io n  
founded by c r o s s i n g  two o r  more b reed s  i s  an a l t e r n a t i v e  to  more complex sy s tem s 
o f c r o s s b r e e d i n g .  A f t e r  f o r m a t io n ,  c o m p o s i te  p o p u la t io n s  have th e  same manage
ment r e q u i r e m e n t s  as s t r a i g h t b r e e d i n g .  By c a r e f u l  s e l e c t i o n  o f  f o u n d a t io n  
b r e e d s ,  c o m p o s i te  p o p u la t io n s  can be d e ve lo p ed  t h a t  meet m arket r e q u i r e m e n t s  and 
t h a t  a r e  adap ted  to  a v a r i e t y  o f  c l i m a t i c  and n u t r i t i v e  e n v i r o n m e n t s .  In  many 
e n v i r o n m e n t s ,  n e i t h e r  maximum nor  minimum l e v e l s  o f  p e r fo rm a n ce  b ra c k e te d  by th e  
ran g e  found among a v a i l a b l e  b reed s  ( T a b l e  8 ) a r e  optimum f o r  many t r a i t s  such as 
b i r t h  w e i g h t s ,  m ature  s i z e ,  age at p u b e r ty  and m i l k  p r o d u c t io n .  N e a r ly  optimum 
p e r fo rm a n c e  l e v e l s  fo r  th e  most h i g h l y  h e r i t a b l e  t r a i t s  can be a c h ie v e d  q u i c k l y  
by o p t im a l  use ( e . g . ,  1 / 4 ,  3 / 8 ,  1 / 2 ,  e t c . )  o f  p r o p e r l y  chosen  b r e e d s .  Once 
n e a r l y  o p t im a l  l e v e l s  o f  p r o d u c t io n  f o r  t h e s e  t r a i t s  a r e  a c h i e v e d ,  th e  
p o p u la t io n  can  be f in e - t u n e d  by i n t r a p o p u l a t i o n  s e l e c t i o n  fo c u se d  on o th e r  
c h a r a c t e r i s t i c s  such  as r e p r o d u c t io n ,  s u r v i v a b i l i t y  and g e n e t i c  r e s i s t a n c e  to  
e c o n o m ic a l l y  im p o r ta n t  d i s e a s e .

C om p os ite  p o p u la t io n s  p r o b a b ly  o f f e r  th e  g r e a t e s t  o p p o r t u n i t y  to e x p l o i t  
a d d i t i v e  g e n e t i c  v a r i a t i o n  among b r e e d s ,  b u t  some o f  th e  o p p o r t u n i t y  to  e x p l o i t  
h e t e r o s i s  may be s a c r i f i c e d  r e l a t i v e  to  t h a t  p r o v id e d  f o r  by r o t a t i o n a l  
s y s te m s  o f c r o s s b r e e d in g  ( D i c k e r s o n ,  1 9 7 3 ) .  R e l a t i v e l y  h ig h  l e v e l s  o f  
h e t e r o z y g o s i t y  can be a c h ie v e d  by u s in g  f o u r  o r  more b re e d s  w i t h  a p p r o x im a t e l y  
e q u a l  c o n t r i b u t i o n s  in  th e  fo r m a t io n  o f  c o m p o s i te s  b e cau se  i n i t i a l

n 2
h e t e r o z y g o s i t y  i s  expected  to be r e t a in e d  p r o p o r t i o n a l  to  1 -£p^ where p j  i s

th e  f r a c t i o n  each  o f  th e  n b reed s  c o n t r i b u t e  to  th e  c o m p o s i te  p o p u la t i o n .
One q u e s t io n  d e s e r v in g  a more co m p le te  an sw er  from r e s e a r c h  i s  to  what e x t e n t  i s  
r e t e n t i o n  o f  h e t e r o s i s  p r o p o r t i o n a l  to  r e t e n t i o n  o f  h e t e r o z y g o s i t y .  A r e c e n t  
s t u d y  o f  p u r e b r e d ,  F 1 , b a c k c r o s s ,  and F 2  and F 3  i n t e r  se  c o m b in a t io n s  o f  
Angus and H e re fo r d  i n d ic a t e d  t h a t  s i g n i f i c a n t  h e t e r o s i s  i s  r e t a in e d  in  F 3  

i n t e r  se  v s .  F-j c r o s s e s  f o r  d a te  o f  c a l v i n g ,  b i r t h  w e i g h t ,  weaning g a in  and 
f a t  c o v e r  (Koch e t  a l . , 1985) bu t t h a t  h e t e r o s i s  r e d u c t i o n  was g r e a t e r  than 
e x p e c te d  from dominance a lo n e  f o r  s u r v i v a l ,  p re g n a n c y  and m a rb l in g  s c o r e .  
A d d i t i o n a l  r e s e a r c h  i s  i n  p r o g r e s s  to  d e te r m in e  th e  l e v e l  o f  i n i t i a l  h e t e r o s i s  
t h a t  can  be m a in ta in e d  in  c o m p o s i te  p o p u l a t i o n s .
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