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S u m m a r y .  O p t i m u m  p r o p o r t i o n s  s e l e c t e d  f o r  e a c h  s e x ,  g i v i n g  t h e  m a x i m u m  s e l e c t i o n  r e s p o n s e  up  to  s o m e  
s p e c i f i e d  t i m e ,  h a v e  b e e n  i n v e s t i g a t e d .  S e l e c t i o n  was  c a r r i e d  ou t  f r o m  a c o n s t a n t  n u m b e r  of  i n d i v i d u a l s  s c o r e d  
p e r  g e n e r a t i o n .  It h a s  b e e n  s h o w n  t h a t  t h e  m a x i m u m  r e s p o n s e  a f t e r  t g e n e r a t i o n s  of  s e l e c t i o n  i s  o b t a i n e d  w h e n  
t h e  n u m b e r  of  i n d i v i d u a l s  s c o r e d  a n d  t h e  p r o p o r t i o n  s e l e c t e d  i s  t h e  s a m e  f o r  m a l e s  a n d  f e m a l e s  e v e r y  g e n e r a -  
t i o n .  S p e c i f i c  s i t u a t i o n s ,  w h e r e  t h e  s e x - r a t i o  a m o n g  s c o r e d  o r  b r e e d i n g  i n d i v i d u a l s  o r  t h e  s e l e c t e d  p r o p o r t i o n  
of  m a l e s  o r  f e m a l e s  i s  t a k e n  a s  g i v e n  t h r o u g h o u t  t h e  w h o l e  s e l e c t i o n  p r o c e s s ,  h a v e  b e e n  s t u d i e d ,  o p t i m u m  s t r a t -  
e g i e s  b e i n g  d e s c r i b e d  in  e a c h  c a s e .  The  p r o c e d u r e s  l e a d i n g  to  m a x i m u m  a d v a n c e  a t  t h e  s e l e c t i o n  l i m i t  h a v e  a l -  
so  b e e n  c o n s i d e r e d  in a l l  t h e s e  s i t u a t i o n s .  

Key  w o r d s :  S e x - R a t i o  - M a x i m u m  S e l e c t i o n  R e s p o n s e  - U n e q u a l  Sex  N u m b e r s  

I n t r o d u c t i o n  

In a m o d e l  of  m a n y  u n l i n k e d  a d d i t i v e  l o c i ,  a l l  w i t h  

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

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

g e n e r a t i o n ,  i t  h a s  b e e n  s h o w n  by R o b e r t s o n  ( 1 9 7 0 )  

t h a t  t h e  p r o p o r t i o n  s e l e c t e d  g i v i n g  t h e  m a x i m u m  s e -  

l e c t i o n  r e s p o n s e  a f t e r  t g e n e r a t i o n s  i s  a f u n c t i o n  of  

t / T .  The  m a x i m u m  a d v a n c e  a t  t h e  s e l e c t i o n  l i m i t  i s  

a c h i e v e d  w h e n  s e l e c t i n g  t h e  b e s t  T / 2  i n d i v i d u a l s  

e v e r y  g e n e r a t i o n  ( D e m p s t e r  1955 ;  R o b e r t s o n  1960 ) .  

T h e s e  r e s u l t s  a s s u m e  e q u a l  n u m b e r s  of  m a l e s  a n d  

f e m a l e s  in  t h e  s c o r e d  a n d  t h e  s e l e c t e d  g r o u p s .  In 

t h i s  p a p e r ,  we s h a l l  b e  c o n c e r n e d  w i t h  e x t e n d i n g  R o -  

b e r t s o n ' s  r e s u l t s  to  p o p u l a t i o n s  w i th  u n e q u a l  s e x  n u m -  

b e r s .  T h i s  p r o b l e m  h a s  b e e n  c o n s i d e r e d  by  S m i t h  

( 1 9 6 9 )  r e g a r d i n g  i m m e d i a t e  r e s p o n s e  to s e l e c t i o n .  

An e x p e r i m e n t a l  c h e c k  of  t h e  t h e o r y  h a s  b e e n  r e -  

p o r t e d  by  R u a n o ,  O r o z c o  a n d  L 6 p e z - F a n j u l  ( 1 9 7 5 ) .  

R e s u l t s  

C o n s i d e r  t h a t  M m a l e s  a n d  F f e m a l e s  ( F  = c M )  a r e  

s c o r e d  e v e r y  g e n e r a t i o n  (M + F = T = c o n s t a n t )  a n d  

f r o m  t h o s e  m m a l e s  a n d  f f e m a l e s  ( f  = k m )  a r e  

s e l e c t e d .  The  p r o p o r t i o n s  s e l e c t e d  in  e a c h  s e x  a r e  

t h e n  P m  ~" m / M  a n d  p f  = f / F  a n d  t h e  i n t e n s i t i e s  of  

s e l e c t i o n  f o r  e a c h  s e x  a r e  i m = Z m / P m  a n d  i f  = 

z f / p f ,  w h e r e  z m a n d  zf  a r e  t h e  o r d i n a t e s  a t  t h e  

p o i n t  of  t r u n c a t i o n  of  t h e  d i s t r i b u t i o n  of  t h e  t r a i t ,  

a s s u m e d  to b e  n o r m a l ,  f o r  e a c h  s e x  r e s p e c t i v e l y .  

In t h e  p o p u l a t i o n  s o  d e f i n e d ,  t h e  e f f e c t i v e  p o p u l a t i o n  

s i z e  N e i s  g i v e n  by  N e = 4 m f / ( m + f )  a n d  t h e  t o t a l  

s e l e c t i o n  i n t e n s i t y  i = ( i  m + i f ) / 2 .  

F o r  a t r a i t  w i t h  g e n e t i c  a n d  p h e n o t y p i c  v a r i a n c e s  
2 2 

c; A a n d  v , r e s p e c t i v e l y ,  t h e  g a i n  AG( t )  a f t e r  t g e n -  

e r a t i o n s  of  s e l e c t i o n ,  a l l  w i t h  a s e l e c t e d  p r o p o r t i o n  

p,  i s  g i v e n  a p p r o x i m a t e l y  ( R o b e r t s o n  1970 by  

AG( t )  = 2N e i (~2A(I - e - t / 2 T p ) / c ~ .  

In our case, this expression becomes 

a G ( t )  = U V ( 1  - e - t w / T )  

w h e r e  

2 
U = 4T CA/C~ 

V = ( c z f  + k Z m ) / ( 1  + c ) ( 1  + k )  

W : (1 + c ) ( 1  + k ) / 8 k P m  . 

S i n c e  P f / P m  = k / c ,  o n l y  f o u r  v a r i a b l e s  m 

t i o n  ( 1 )  ( e . g .  c ,  k ,  P m  

( i )  

e q u a -  

and t/T) are independent. 
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C o n s i d e r i n g  t/T a s  a c o n s t a n t  a n d  d i f f e r e n t i a t i n g  e x -  

p r e s s i o n  ( 1 )  w i t h  r e s p e c t  to  t h e  t h r e e  r e m a i n i n g  

v a r i a b l e s  a n d  s e t t i n g  t h e s e  t h r e e  e q u a t i o n s  e q u a l  to  

z e r o ,  a f t e r  s o m e  r e a r r a n g e m e n t  we h a v e  

k = ( z f  - xf  p f ) / ( z  m - x m p m  ) ( 2 )  

p~-mm/(Z m - x m pm ) = ~ - " f f / ( z f  - xf p f )  ( 3 )  

x m + xf = (x  m + xf  + 8 V W 2 t / T )  e - w t / T  ( 4 )  

w h e r e  x m a n d  xf  a r e  t h e  a b s c i s s a e  c o r r e s p o n d i n g  

to  t h e  v a l u e s  of  z m a n d  zf  in  t h e  n o r m a l  c u r v e .  

The  f u n c t i o n  V'p-/(z - xp )  c a n  b e  s h o w n  to b e  m o n o -  

t o n i c a l l y  d e c r e a s i n g  f o r  i n c r e a s i n g  v a l u e s  of  p .  A c -  

c o r d i n g l y ,  e q u a t i o n  ( 3 )  n e c e s s a r i l y  i m p l i e s  P m  = P f '  

i n v o l v i n g  k = 1 f r o m  e q u a t i o n  (2 )  a n d  a s  a c o n s e -  

q u e n c e  c = 1. T h e r e f o r e ,  t h e  g e n e r a l  s o l u t i o n  of  t h e  

s y s t e m  g i v i n g  t h e  a b s o l u t e  m a x i m u m  i s  e q u a t i o n  (4 )  

f o r  k = c = 1 a n d  P m =  Pf = p '  w h i c h  t h e n  b e c o m e s  

2x = (2x  + z t /p2W) e - t / 2 p T  . ( 5 )  

E q u a t i o n  (5 )  i s  a l s o  t h e  a l g e b r a i c  e x p r e s s i o n  of  t h e  

p a r t i c u l a r  s o l u t i o n  g i v e n  g r a p h i c a l l y  by  R o b e r t s o n  

( 1 9 7 0 )  in  h i s  f i g u r e  1. In o t h e r  w o r d s ,  t h e  m a x i m u m  

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

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

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

The  s e x - r a t i o  a m o n g  s c o r e d  ( c )  o r  b r e e d i n g  (k )  

i n d i v i d u a l s  m a y  not  b e  e q u a l  to  o n e  u n d e r  a s p e c i f i c  

t y p e  of  m a n a g e m e n t  o r  in  a g i v e n  d o m e s t i c  s p e c i e s .  

In t h e s e  c a s e s ,  t h e  p r o p o r t i o n  s e l e c t e d  in  a s e l e c -  

t i o n  p r o g r a m m e  m a y  no t  b e  t h e  o p t i m a l .  We  s h a l l  

t h e n  p r o c e e d  to s t u d y  t h e  l o c a l  m a x i m a  w h e n  c ,  k 

o r  P m  t a k e  a c o n s t a n t  v a l u e  but  no t  n e c e s s a r i l y  t h e  

o n e s  l e a d i n g  to t h e  s o l u t i o n  of  a b s o l u t e  m a x i m u m .  

In a l l  c a s e s  t / T  i s  a s s u m e d  to b e  a c o n s t a n t .  

C a s e  1; c o r  k c o n s t a n t :  

D i f f e r e n t i a t i n g  e x p r e s s i o n  ( 1 )  w i th  r e s p e c t  to  k a n d  

P m  a n d  s e t t i n g  t h e  two e q u a t i o n s  e q u a l  to  z e r o ,  we 

o b t a i n  a f t e r  s o m e  r e a r r a n g e m e n t  e q u a t i o n  ( 4 )  a n d  

c = ( z  m - x m p m ) / ( z f  - xf  pf )  . ( 6 )  

F o r  t h e  l i m i t i n g  c a s e  of  t / T  -~ c o ,  c o r r e s p o n d i n g  

to  t h e  m a x i m u m  a d v a n c e  a t  t h e  s e l e c t i o n  l i m i t ,  e q u a -  

1.0 

0.8 

I 0.6 

E 
0 -  

0.4- 

0.2 

0 I I I I I I 

0.01 0.1 1 10 100 
C ,,' 

F i g .  1.  R e l a t i o n  b e t w e e n  t h e  s e x - r a t i o  a m o n g  s c o r e d  
i n d i v i d u a l s  ( c )  a n d  t h e  p r o p o r t i o n  of  m a l e s  ( p . )  s e -  
l e c t e d  e v e r y  g e n e r a t i o n  w h i c h  g i v e s  t h e  m a x i m u m  
a d v a n c e  a t  t h e  s e l e c t i o n  l i m i t  w h e n  T i n d i v i d u a l s  a r e  
m e a s u r e d  e v e r y  g e n e r a t i o n  ( C a s e  1;  c c o n s t a n t  a n d  
t / T  -~ co) 

t i o n  (4 )  r e d u c e s  to  t h e  s o m e w h a t  s u r p r i s i n g  r e s u l t  of  

P m  = 1 - p f .  U n d e r  t h i s  c o n d i t i o n ,  t h e  v a l u e s  of  e q u a -  

t i o n  (6 )  w e r e  a r i t h m e t i c a l l y  d e t e r m i n e d  a n d  a r e  g r a -  

p h i c a l l y  s h o w n  in F i g .  1. Of c o u r s e ,  f o r  c = 1, i t  

g i v e s  k = 1 a n d  P m  = Pf  = 0 . 5  in  a g r e e m e n t  w i t h  

t h e o r y .  

The  f u n c t i o n  z - xp c a n  b e  s h o w n  to b e  m o n o t o n i -  

c a l l y  i n c r e a s i n g  f o r  i n c r e a s i n g  v a l u e s  of  p .  F o r  a 

c o n s t a n t  v a l u e  of  t / T ,  s o l u t i o n s  of  t h e  s y s t e m  f o r m e d  

by  e q u a t i o n s  (4 )  a n d  (6 )  w e r e  d e t e r m i n e d  a r i t h m e t i -  

c a l l y  a n d  t h e y  a r e  r e p r e s e n t e d  g r a p h i c a l l y  in  F i g .  2 

f o r  d i f f e r e n t  v a l u e s  of  c .  The  l i m i t i n g  v a l u e s  f o u n d  

f o r  t / T - + c o  t a k e n  f r o m  F i g . 1  a r e  s h o w n  on  t h e  

r i g h t - h a n d  s i d e  of  t h e  g r a p h  f o r  e a c h  of  t h e  v a l u e s  

of  c c o n s i d e r e d .  V a l u e s  of  t / T  a r o u n d  two a p p r o a c h  

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

Due  to t h e  s y m m e t r y  of  t h e  e q u a t i o n s ,  t h e  s o l u -  

t i o n s  a l r e a d y  r e p r e s e n t e d  in  F i g s .  1 a n d  2 h a v e  t h e  

s a m e  f o r m  f o r  t h e  c a s e  of  k c o n s t a n t .  The  v a l u e s  of  

t h e  o r d i n a t e  a r e  n o w  t h o s e  of  pf  a n d  t h e  c u r v e s  r e -  

p r e s e n t  s o l u t i o n s  of  t h e  s y s t e m  f o r  t h e  d i f f e r e n t  v a l -  

u e s  of  k e q u a l  to t h e  v a l u e s  of  c s t a t e d  on  t h e  f i g -  

u r e .  
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F i g .  2. P r o p o r t i o n  of m a l e s  (p,)  s e l e c t e d  e v e r y  gen -  
e r a t i on  f r o m  T indiv iduals  m e a s u r e d  which g ives  the 
m a x i m u m  advance  in t gene ra t i ons  for  d i f fe ren t  v a l -  
ues  of  the s e x - r a t i o  among s c o r e d  indiv iduals  (c)  
(Case  1; c cons tan t )  

C a s e  2; Pm cons tant  : 

D i f fe ren t i a t ing  e x p r e s s i o n  (1) with r e s p e c t  to k and 

c and se t t ing  these  two equat ions  equal  to z e r o ,  we 

have  

k c  = 1 ( 7 )  

Y = (Y  - U W t / T )  e - w t / T  (8) 

where  

Y = { ( z f - x f p f ) - k ( Z m + X f P m ) t / ( l + c ) ( l + k )  . 

F o r  the l imi t ing  c a s e  of t /T  -* oo,  the  s y s t e m  r e -  

duces  to equat ion (7) and Y = 0. Solut ions have  been 

obta ined  a r i t h m e t i c a l l y  and they a r e  shown g r a p h i c a l -  

ly in F i g . 3 :  pf i n c r e a s e s  fo r  va lues  of Pm l o w e r t h a n  

0 .25  and d e c r e a s e s  o t h e r w i s e .  

The gene ra l  so lu t ions  fo r  a constant  va lue  of  t /T  

a r e  those  of the s y s t e m  f o r m e d  by equat ions  (7) and 

( 8 ) .  These  so lu t ions  have been r e p r e s e n t e d  g r a p h i c a l -  

ly in F i g .  4 for  d i f fe ren t  va lues  of Pm" The l imi t ing  

va lues  found fo r  t /T  ~ co taken f r o m  F i g .  3 a r e  a l so  

shown on the r i gh t -hand  s ide  of the graph  for  each 
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F i g .  3. R e l a t i o n  between the s e x - r a t i o  among b r e e d -  
ing indiv iduals  (k) and the p r o p o r t i o n s  s e l e c t e d  of 
m a l e s  (Pro) and f e m a l e s  (p~) e v e r y  gene ra t i on  which 
g ive  the m a x i m u m  advance  at the s e l e c t i o n  l imi t  when 
T indiv iduals  a r e  m e a s u r e d  e v e r y  gene ra t i on  (Case  2; 
p, constant  and t /T -* co) 
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F i g . 4 .  S e x - r a t i o  among  b reed ing  ind iv idua ls  (k) 
which g ives  the m a x i m u m  s e l e c t i o n  advance  in t gen-  
e r a t i o n s  f r o m  T indiv iduals  m e a s u r e d  e v e r y  g e n e r a -  
tion fo r  d i f fe ren t  s e l e c t e d  p ropo r t i ons  of  m a l e s  (p,)  
( C a s e  2; p, cons tan t )  

va lue  of Pm c o n s i d e r e d .  Values  of t /T  of about one 

approach  v e r y  c l o s e l y  t he se  l im i t i ng  v a l u e s .  It is  a l -  

so apparen t  f r o m  the g raphs  that  un l e s s  the p r o p o r -  

t ion Pm is  v e r y  low, the c o r r e s p o n d i n g  va lues  of k 

d e t e r m i n i n g  the m a x i m u m  s e l e c t i o n  advance  in t 

g e n e r a t i o n s  will  not be l a r g e .  Although the whole 

r ange  of va lues  of Pm have been c o n s i d e r e d  in F i g s .  

3 and 4, p ropo r t i ons  Pm l a r g e r  than 0 .5  imply  v a l -  
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ues  of k l o w e r  than one and t h e r e f o r e ,  a m a t e  s u r -  

p lus .  

C a s e  3; c = l  and k cons tan t :  

This p a r t i c u l a r  c a s e  has  been  s tudied  in deta i l  as  it  

may be m o r e  r e p r e s e n t a t i v e  of  p r a c t i c a l  s i t ua t i ons .  

The condi t ions  of  m a x i m u m  a r e  now r e p r e s e n t e d  by 

the equat ion 

(x m + xf){x  m +  x f +  ( z f + k z  m) x 

( I  + k)t /4ph} e -(l+k)t/4pfT = 0 . (9) 

This equat ion r e d u c e s  to Pm = 1 / (1  + k) when 

t /T  -* ~ .  In both c a s e s  pf = kPm, showing that i n -  

t e n s e  s e l e c t i o n  in both s e x e s  when k is  l a r g e  will  

not g e n e r a l l y  l ead  to m a x i m u m  s e l e c t i o n  a d v a n c e s .  

The so lu t ions  of equat ion (9) a r e  g raph ica l ly  shown 

in F i g .  5 fo r  d i f fe ren t  va lues  of k.  The l im i t i ng  v a l -  

ues  found fo r  t /T  -~ co a r e  shown on the r i gh t -hand  

s ide  of  the graph  fo r  each va lue  of k c o n s i d e r e d .  Of 

c o u r s e ,  for  k = 1 the c u r v e  c o r r e s p o n d s  to the one 

given by Robe r t son  (1970) in his  f i gu re  1. 
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F i g .  5. P r o p o r t i o n  of  f e m a l e s  (pf) s e l e c t e d  e v e r y  
gene ra t i on  f r o m  T ind iv idua ls  m e a s u r e d  which g ives  
the m a x i m u m  advance  in t g e n e r a t i o n s  fo r  d i f fe ren t  
va lues  of the s e x - r a t i o  among  b r e e d i n g  indiv iduals  
(k) (Case 3; c = I and k constant) 

D i s c u s s i o n  

A gene ra l  so lu t ion  has  r e s u l t e d  f r o m  the ana lys i s  of 

the mode l ,  n a m e l y  that the m a x i m u m  r e s p o n s e  a f te r  

t gene ra t i ons  of s e l e c t i o n  is  obtained when the n u m -  

b e r  of  ind iv idua ls  m e a s u r e d  and the p ropor t ion  s e -  

l e c t ed  a r e  the s a m e  for  both s exes  e v e r y  g e n e r a t i o n .  

This i s  a s i tua t ion  s e l d o m  encoun te red  in p r a c t i c a l  

an imal  b reed ing  although it i s  c o m m o n l y  found in l a -  

b o r a t o r y  s e l e c t i o n  e x p e r i m e n t s .  

In a b r e e d i n g  p r o g r a m m e ,  the in tens i ty  of  s e l e c -  

t ion a t t a inab le  in p r a c t i c e  will  depend on f e m a l e  f e -  

cundity and on the n u m b e r  of  f e m a l e s  which can  be 

s e r v e d  by one ma le .  The cons ide r a t i on  of these  two 

f a c t o r s  will  d e t e r m i n e  the va lue  of the s e x - r a t i o  

among  b reed ing  indiv iduals  ( k ) .  This s i tua t ion  has  

been  s tudied in C a s e  1 (k c o n s t a n t ) ,  the  main  c o n -  

c lus ion  being that l a r g e  va lues  of k a r e  r a r e l y  c o m -  

pat ib le  with s t rong  se l ec t i on  p r e s s u r e s  on f e m a l e s  

(pf)  e i t h e r  in the s h o r t -  o r  in the l o n g - t e r m .  In the 

s h o r t - t e r m ,  the v a l u e s  of Pm and c d e t e r m i n i n g  

the  op t imum s t r a t e g i e s  a r e  v e r y  i n s e n s i t i v e  to l a r g e  

changes  in the va lue  of the r e m a i n i n g  v a r i a b l e s  in the 

mode l .  F o r  example ,  fo r  va lues  of pf ranging f rom 

5% to 60~ and va lues  of k f r o m  5 to 100, Pm and 

c take  v a l u e s  be tween 1 .5  7~ and 2 .5  ~ and 1.3 and 

2 .5 ,  r e s p e c t i v e l y ,  t /T  being 1/32. 
On the o the r  hand, the t o l e r a b l e  r a t e  of i n b r e e d -  

ing will a lso  l imi t  the in tens i ty  of s e l ec t i on  a t t a in -  

ab le .  In p r a c t i c e ,  the b r e e d e r  will usual ly  choose  an 

e m p i r i c a l  l eve l  of  inbreed ing  a i m e d  at ba lancing  

s h o r t -  and l o n g - t e r m  s e l e c t i o n  ga ins .  In our  mode l ,  

the e f f ec t i ve  populat ion s i z e  N e is  given by 

N e = 4TkPm/(l + c)(1 + k) 

and t h e r e f o r e ,  once  a g iven s t r a t e g y  is  chosen  (k,  c 

o r  Pm cons tan t )  the r a t e  of inbreed ing  leading to 

m a x i m u m  r e s p o n s e  up to t gene ra t i ons  of s e l e c t i o n  

i s  a l r e ady  def ined .  It may then be of  s o m e  i n t e r e s t  

to c o m p a r e  t h e o r e t i c a l  and e m p i r i c a l  r a t e s  of i n -  

b r eed ing  in spec i f i c  s e l e c t i o n  p r o g r a m m e s ,  as  f i x -  

ing k and N e will  not in gene ra l  l ead  to op t imum 

responses. 

In a l l  s i t ua t ions ,  the d i s t r i bu t ion  of  t e s t i ng  f a c i l i -  

t i e s  among  the s e x e s  (c)  can  be c r i t i c a l .  At the op -  

t i m u m ,  when s e l e c t i o n  i s  c a r r i e d  out at a cons tan t  c 
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va lue ,  s m a l l  va lues  of Pm will not be compa t ib l e  

with l a r g e  va lues  of c .  

In the c a s e s  s tudied ,  the op t imum p r o p o r t i o n s  

s e l e c t e d  can exceed  50 %. It will  then be p r e f e r a b l e  

to s e l e c t  50 % f rom the s c o r e d  indiv iduals  taking the 

r e s t  at r andom f r o m  the u n s c o r e d  populat ion,  as  s u g -  

g e s t e d  by Smi th  (1969) .  A c o m p a r i s o n  between s h o r t -  

and l o n g - t e r m  s e l e c t i o n  ga ins  will  a l so  depend on the 

s i z e  of the s c o r e d  populat ion T. The p r o b l e m  of how 

l a r g e  T should be in a b reed ing  p r o g r a m m e  has been 

d i s c u s s e d  by J a m e s  ( 1972).  

In ou r  mode l ,  individual  s e l e c t i o n  has been a s -  

s u m e d  al though va lues  of k l a r g e r  than one will ob-  

v ious ly  imply  the e x i s t e n c e  of i n fo rma t ion  on the in-  

dividual  genotype o the r  than i ts  own phenotype.  The 

use  of  th is  addi t ional  i n fo rma t ion  has not been con-  

s i d e r e d  in th is  pape r .  
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