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S u m m a r y .  A n  a p p a r a t u s  h a s  b e e n  m a d e  f o r  t h e  a u t o m a t i c  s e l e c t i o n  of  ~osophila f o r  b o d y  s i z e ,  o p e r a t i n g  on  
t h e  p r i n c i p l e  of  a f r a c t i o n a t i n g  s i e v e .  T he  m e a s u r e m e n t s  of  i n d i v i d u a l  f l i e s  b y  t h i s  m e t h o d  w e r e  a p p r o x i m a t e l y  
n o r m a l l y  d i s t r i b u t e d  a n d  t h e  r e p e a t a b i l i t y  of  m e a s u r e m e n t s  o n  s u c c e s s i v e  d a y s  w a s  0 . 5 .  A t w o - w a y  s e l e c t i o n  
e x p e r i m e n t  f o r  t h i s  c h a r a c t e r  w a s  c a r r i e d  ou t  w i t h  two  r e p l i c a t e s  f o r  t e n  g e n e r a t i o n s .  The  r e a l i s e d  h e r i t a b i l -  
i t y  f o r  t h e  m e a s u r e d  s c o r e  w a s  0 . 1 4  *-- 0 . 0 2  f o r  h i g h  s c o r e  a n d  0 . 2 0  + 0 . 0 2  w h e n  i t  w a s  f o r  low s c o r e .  The  c o r -  
r e l a t e d  r e s p o n s e  in  b o d y  w e i g h t  w a s  a s y m m e t r i c a l ,  t h e  c h a n g e  d o w n w a r d s  b e i n g  m u c h  g r e a t e r  t h a n  t h a t  u p -  
w a r d s .  T h e r e  w a s  a c l e a r  d i v e r g e n c e  in  a c t i v i t y  m e a s u r e m e n t s  b e t w e e n  t h e  l i n e s  s e l e c t e d  in  t h e  two  d i r e c t i o n s  
bu t  no  c l e a r  t r e n d s  in  f e r t i l i t y .  E x a m i n a t i o n  of  t h e  s e l e c t e d  l i n e s  a f t e r  e l e v e n  g e n e r a t i o n s  s h o w e d  t h a t  t h e  r e -  
l a t i o n s h i p  b e t w e e n  s c o r e  a n d b o d y  w e i g h t  w a s  c l e a r l y  d i f f e r e n t  in  t h e  l i n e s  s e l e c t e d  in  t h e  two  d i r e c t i o n s  a n d  
w a s  n o n - l i n e a r  in  b o t h .  

I t  i s  s u g g e s t e d  t h a t  t h e  r e s p o n s e  in  a c t i v i t y  o b s e r v e d  a s  a c o n s e q u e n c e  of  s e l e c t i o n  f o r  s c o r e  i s  p a r t l y  d u e  
to  t h e  d i r e c t  r e s p o n s e  f o r  a c t i v i t y  a n d  p a r t l y  to  a c o r r e l a t e d  r e s p o n s e  b e c a u s e  of  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  b e t w e e n  b o d y  s i z e  a n d  a c t i v i t y .  T he  o b s e r v e d  n o n - l i n e a r  r e l a t i o n s h i p  b e t w e e n  s c o r e  a n d  b o d y  w e i g h t  o b -  
s e r v e d  w i t h i n  g e n e r a t i o n s  m a y  b e  a d i r e c t  c a u s e  of  t h e  a s y m m e t r y  of  d i r e c t  a n d  c o r r e l a t e d  r e s p o n s e s  w h i c h  
m a y  a l s o  h a v e  a p a r a l l e l  i n  o t h e r  s i t u a t i o n s .  

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

The  g r e a t  m a j o r i t y  of  s e l e c t i o n  e x p e r i m e n t s  w i t h  / ~ o -  

8ophila h a v e  i n v o l v e d  b r i s t l e  c o u n t s ,  e i t h e r  on  t h e  

a b d o m e n  o r  on  t h e  s t e r n o p l e u r u m .  The  l a b o u r  i n v o l v e d  

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

u p w a r d s .  F o r  t h i s  r e a s o n  t h e r e  h a v e  b e e n  s e v e r a l  a t -  

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

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

T r y o n  ( 1 9 5 6 )  d e v i s e d  a n  a p p a r a t u s  f o r  t h e  a u t o m a t i c  

m e a s u r e m e n t  of  g e o -  a n d  p h o t o t a x i s  in  P~osophila. 
L e r n e r  a n d  I n o u y e  ( 1 9 6 8 )  s e l e c t e d  Tr~bolium f o r  m a z e  

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

a p p l i c a b l e  to  Drosophila. G r a n t  a n d  M e t t l e r  ( 1 9 6 9 )  

w o r k e d  o n  e s c a p e  b e h a v i o u r  in  Drosophila. Al l  t h e s e  

c h a r a c t e r s  h a v e  t h e  a d v a n t a g e  t h a t  v e r y  l a r g e n u m b e r s  

of  f l i e s  c a n  b e  m e a s u r e d .  In  t h e  c a s e o f g e o t a x i s ,  h o w -  

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

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

d i s a d v a n t a g e  of  b e i n g  v e r y  s e n s i t i v e  to  e n v i r o n m e n t a l  

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

s t a n d a r d i s e  f o r  u s e  in  d i f f e r e n t  l a b o r a t o r i e s  a s  w e l l  

a s  h a v i n g  a low h e r i t a b i l i t y .  

A l t h o u g h  m a n y  s e l e c t i o n  e x p e r i m e n t s  h a v e  b e e n  

c a r r i e d  ou t  on  b o d y  s i z e  in  Drosophilaj in  p a r t i c u l a r  

t h e  s e r i e s  b y  R e e v e  a n d  F . W .  R o b e r t s o n  ( 1 9 5 2 ) ,  t h e s e  

h a v e  a l l  i n v o l v e d  i n d i v i d u a l  m e a s u r e m e n t .  In t h i s  p a -  

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

~osophila f o r  b o d y  s i z e  b a s e d  on  a b i l i t y  to  p a s s  

t h r o u g h  a s e r i e s  of  g r a d e d  s l i t s .  W e  h a v e  u s e d  t h e  

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

a t i o n .  The  a u t o m a t i c  m e t h o d  h a s  t h e  a t t r a c t i o n  t h a t  a 

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

t i m e  s o  t h a t  i n t e n s e  s e l e c t i o n  c a n  b e  c a r r i e d  ou t  w i t h -  

ou t  c a u s i n g  a h i g h  r a t e  of  i n b r e e d i n g .  

M a t e r i a l  a n d  M e t h o d s  

The  s e l e c t i o n  p r o c e d u r e  w a s  b a s e d  on  t h e  p r i n c i p l e  of  
t h e  f r a c t i o n a t i n g  s i e v e .  It  p r o v e d  t e c h n i c a l l y  d i f f i c u l t  
to  c o n s t r u c t  g r a d e d  m e s h e s  of  s u f f i c i e n t  a c c u r a c y  in  
t h e  n e c e s s a r y  r a n g e  of  0 . 8  m m  to 1 . 3  m m  a n d  we  t h e r e -  
f o r e  u s e d  a s i n g l e  s l i t ,  t h e  w i d t h  of  w h i c h  c o u l d b e c a -  
l i b r a t e d  a c c u r a t e l y .  The  a p p a r a t u s  c o n s i s t e d  of  a l i n -  
e a r  s e r i e s  of  c o m p a r t m e n t s  w i t h  a c a l i b r a t e d  s l i t  in  
t h e  s e p a r a t i n g  w a l l s .  The  w i d t h  of  t h e  s l i t  b e t w e e n c o m -  
p a r t m e n t s  d e c l i n e d  g r a d u a l l y  o v e r  t h e  w h o l e  a p p a r a t u s .  
T h i s  w a s  m a d e  f r o m  t r a n s p a r e n t  m a t e r i a l  s o  t h a t  t h e  
f l i e s  c o u l d  b e  w a t c h e d  u n d i s t u r b e d .  It  w a s  m o u n t e d  in  
a d a r k  r o o m  a n d  a l i g h t  b e a m  s h o n e  t h r o u g h  a l l  t h e  
c o m p a r t m e n t s  a l o n g  i t s  l e n g t h .  W i t h  i n c r e a s i n g  d i s -  
t a n c e  f r o m  t h e  s o u r c e ,  t h e  s l i t s  c o n n e c t i n g  n e i g h b o u r -  
i ng  c o m p a r t m e n t s  b e c a m e  w i d e r .  A t  t h e  e n d  a w a y f r o m  
t h e  l i g h t  s o u r c e ,  a s t a r t i n g  v i a l  c o u l d  b e  i n s e r t e d  c o n -  
t a i n i n g  f l i e s  to  b e  m e a s u r e d .  In s p i t e  of  t h e  a t t r a c t i o n  
b y  l i g h t ,  no t  a l l  t h e  f l i e s  w e r e  w i l l i n g  to  p a s s  t h r o u g h  
t h e  c o m p a r t m e n t s  a n d  s o ,  to  e n c o u r a g e  t h e m ,  e s c a p e  
b e h a v i o u r  w a s  i n d u c e d  b y  p u t t i n g  s m a l l  c o t t o n  wool  
t i p s  s o a k e d  w i t h  25 % a c e t i c  a c i d  i n to  e a c h  c o m p a r t -  
m e n t .  They  w e r e  l e f t  t h e r e  d u r i n g  t h e  w h o l e  r u n  p r o -  
d u c i n g  a r e p e l l e n t  a t m o s p h e r e  s o  t h a t  t h e  f l i e s  t r y  
to  e s c a p e  t o w a r d s  t h e  l i g h t ,  b e i n g  f o r c e d  to  s q u e e z e  
t h e m s e l v e s  t h r o u g h  a s  m a n y  s l i t s  a s  t h e y  p o s s i b l y  
c o u l d  o r  w o u l d .  The  t o t a l  r u n  l a s t e d  o n e  h o u r  - we o b -  
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F i g . 1 .  The  d i s t r i b u t i o n  of  s c o r e  in  a h i g h  a n d  in  a low r e p l i c a t e  at  g e n e r a t i o n  11 

s e r v e d  t h a t  a f t e r  t h i s  t i m e  t h e  d i s t r i b u t i o n  of  f l i e s  o v e r  
t h e  c o m p a r t m e n t s  h a d  b e c o m e  s t a b l e .  The  b a s e  m a -  
t e r i a l  f o r  t h e  s e l e c t i o n  e x p e r i m e n t  w a s  a p o p u l a t i o n  
d e r i v e d  f r o m  a r e c e n t  c a p t u r e  at  R i u d e v e l l a  in  S p a i n .  
W e  s e l e c t e d  two r e p l i c a t e s  in  e a c h  d i r e c t i o n ,  u s i n g  a s  
a c o n t r o l  a w h i t e - e y e d  s t o c k  w h i c h  c o u l d  e a s i l y  b e  d i s -  
t i n g u i s h e d  f r o m  t h e  f l i e s  in  t h e  s e l e c t i o n  l i n e s .  W e  
w e r e  t h u s  a b l e  to  m e a s u r e  b o t h  c o n t r o l  a n d  s e l e c t e d  
f l i e s  a u t o m a t i c a l l y  a n d  t h e  s a m e  t i m e .  The  f l i e s  s e -  
l e c t e d  f o r  b r e e d i n g  in  e a c h  l i n e  w e r e  m a t e d  in  a s e p -  
a r a t e  b o t t l e  bu t  f r e s h l y  l a i d  e g g s  of  s e l e c t e d  a n d  t h e  
c o r r e s p o n d i n g  c o n t r o l  l i n e s  w e r e  p l a c e d  in  t h e  s a m e  
c u l t u r e .  In  b o t h  s e l e c t i o n  a n d  c o n t r o l  l i n e s ,  40 m a l e s  
a n d  100 f e m a l e s  w e r e  u s e d  a s  p a r e n t s  e a c h  g e n e r a -  
t i o n .  S e l e c t i o n  w a s  c a r r i e d  ou t  o n l y  in  m a l e s ,  t h e  40 
e x t r e m e  m a l e s  b e i n g  s e l e c t e d  f r o m  300 in  t h e  a p p a -  
r a t u s .  100 w h i t e - e y e d c o n t r o l  f l i e s  w e r e  m e a s u r e d  a t  
t h e  s a m e  t i m e .  

T h r e e  o t h e r  m e a s u r e m e n t s  w e r e  m a d e  e a c h  g e n -  
e r a t i o n -  body  w e i g h t ,  m o t o r  a c t i v i t y  a n d  f e r t i l i t y .  F o r  
t h e  m e a s u r e m e n t  of a c t i v i t y  an  a p p a r a t u s  w a s  u s e d  
s i m i l a r  to  t h e  a u t o m a t i c  s e l e c t i o n  a p p a r a t u s  in  a l l  
r e s p e c t s  bu t  w i t h  a c o n s t a n t  w i d t h  of  s l i t ,  w h i c h  w a s  
l a r g e  b e t w e e n  a l l  c o m p a r t m e n t s .  The  r u n n i n g  t i m e  
w a s  a b o u t  25 m i n u t e s  a n d  t h e  f l i e s  h a d  to  e s c a p e  f r o m  
t h e  a c e t i c  a c i d  b y  m o v i n g  t o w a r d s  t h e  l i g h t  s o u r c e .  
B e c a u s e  t h e  s l i t s  w e r e  now  l a r g e  in  r e l a t i o n  to  b o d y  
s i z e  t h e y  c o u l d  b e  t r a v e r s e d  f r e e l y .  F e r t i l i t y  w a s  
m e a s u r e d  a s  t h e  n u m b e r  of  a d u l t  p r o g e n y  p r o d u c e d  
u n d e r  c o n d i t i o n s  of  low l a r v a l  c o m p e t i t i o n  b y  100 f e -  
m a l e s  l a y i n g  e g g s  o v e r  a p e r i o d  of  15 h o u r s .  

Results 

The distribution for two of the selected lines at gen- 

eration 12 gives an indication of the degree of sepa- 

ration both within and between lines produced bythe 

automatic fly scorer. The flies are put in at the right 

hand side of the apparatus, where the slits are widest 

and the light source shines from the left. For clari- 

fication two scales are given on Fig. 1, one in terms 

of slit width and the other in terms of the number of 

cells moved through. If the main interest is in body 

s i z e  of  t h e  f l i e s ,  a c o n v e n i e n t  s c a l e  i s  g i v e n  by  t h e  

w i d t h  of  t h e  s l i t  in  t h e  c o m p a r t m e n t  in  w h i c h  t h e  f ly  

i s  f o u n d  at  t h e  e n d  of  t h e  r u n .  On t h e  o t h e r  h a n d  if  t h e  

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

p r i a t e  s c a l e  wou ld  b e  r e v e r s e d .  S i n c e  o u r  m a i n  o b -  

j e c t i v e  w a s  to m e a s u r e  t h e  b o d y  s i z e  we s h a l l  m a k e  

u s e  of  t h e  s l i t  w i d t h  s c a l e  a n d  t h i s  c h a r a c t e r  wi l l  b e  

called the ' score '. It must be rememberedtherefore, 

that high scores mean, on one hand, large body size 

but on the other that few compartments have been pas- 

sed through from the beginning of the run. The distri- 

bution of scores are satisfyingly normal, although with 

300 flies a smoother distribution would be expected. 

This lack of smoothness comes from unequal increa- 

ses in slit-width from compartment to compartment 

due to difficulties of calibration. The calibration had 

been made under a microscope using a micrometer 

eyepiece. This gave a series of slits differing in width 

between adjacent slits by 0.027 mm but it did so on 

average only. 

Fig.2 shows the generation means for the four 

traits measured for the two replicates of two-way se- 

lection. The direct response given at the top of the fig- 

ure appears to be symmetrical. However, because 

the phenotypic variance was larger in the lines se- 

lectedforhigh body size there was a difference in the 

realised heritability in the two directions. 

The realised heritability for positive selection for 

score was O. 143 + 0.016 and for negative selection 

0.204 -+ 0.018, with standard errors computed by the 

method of Hill (1972). There is a significant differ- 

ence between the two estimates. The correlated res- 

ponses in body weight are cleanly asymmetrical, the 
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Fig.2. Direct response in score and correlated res- 
ponses in body weight (in gms �9 10 -2 ), activity (as 
the deviation from controls in the percentage of flies 
above an arbitrary score in an apparatus with wide 
slits) and fertility (as relative numbers of progeny 
produced by a single female in uncrowded conditions) 

change downwards being much greater than that up- 

wards in both replicates. The response in activity was 

also asymmetrical, the line selected for low score 

altering little with a clear decline in activity in the 

line selected for high score. There was no clear trend 

in the correlated response for fertility - the large flies 

having a higher fertility in the first replicate but not 

in the second. 

Observation of the flies during runs inthe automatic 

fly scorer gave a subjective impression of consider- 

able differences within runs between the behaviour of 

t h o s e  f l i e s  w h i c h  h a d  m o v e d  l i t t l e  and  t h o s e  w h i c h  h a d  

m o v e d  a g r e a t  d e a l .  The  f o r m e r  a p p e a r e d  to  b e  l e s s  

i n s i s t e n t  in  t r y i n g  to  s q u e e z e  t h r o u g h  t h e  s l i t s  t h a n t h e  

l a t t e r .  To l ook  f u r t h e r  in to  t h i s  we  m a d e  a m o r e  d e -  

t a i l e d  a n a l y s i s  at  t h e  l l t h  g e n e r a t i o n  of  s e l e c t i o n .  O n e  

h i g h  a n d  o n e  low r e p l i c a t e  w a s  t a k e n  a n d  1600 n e w l y  

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

f l i e s  w e r e  s e p a r a t e d  in to  4 g r o u p s  a n d  r u n  in  t h e  f ly  

scorer. The flies in the different score classes were 

then weighed, with the results given in Fig. 3. The re- 

lationship between score and body weight is clearly 

curvilinear. There must be flies which stay close to 

their starting point at score 50 even though theirbody 

size would allow them to go further. The separation 

effected by the apparatus in body size is clearly dif- 

ferent in the two lines, being much better for the low 

line than for the high line. After weighing the flies, 

the extreme scoring groups were run for a second 

t i m e  in  t h e  a u t o m a t i c  a p p a r a t u s  to  e s t i m a t e  r e p e a t -  

a b i l i t y .  The  r e g r e s s i o n  of  s c o r e  in  t h e  s e c o n d  r u n  on  

t h a t  in  t h e  f i r s t ,  w h i c h  w a s  u s e d  to e s t i m a t e  t h e  r e -  

p e a t  a b i l i t y  of  t h e  c h a r a c t e r ,  p r o v e d  to b e  0 . 4 1  • 0 . 0 5  

f o r  t h e  h i g h  l i n e  a n d  0 . 7 5  • . 05  f o r  t h e  low l i n e ,  t h e  

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

D i s c u s s i o n  

The  n a t u r e  of  t h e  i n t e r - r e l a t i o n s h i p  b e t w e e n  a c t i v i t y  

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

r e s u l t s .  E v e n  if  t h e r e  w e r e  no  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  t h e  t w o ,  i t  i s  c l e a r  t h a t  in  t h i s  a p p a r a t u s  s e l e c -  

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

On t h e  f l i e s  f o u n d  in  t h e  h i g h  s c o r i n g  s e c t i o n ,  a h i g h e r  

p r o p o r t i o n  w i l l  b e  t h e r e  t h r o u g h  i n a c t i v i t y  t h a n  wi l l  b e  

f o u n d  in  t h e  low s c o r i n g  s e c t i o n .  Bu t  p o s s i b l e  p l e i o -  

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

f u r t h e r  c o m p l i c a t e  m a t t e r s .  W e  a r e  f o r t u n a t e  t h a t  D r .  

van Dijke of the University of Utrecht has recently 

selected Prozophila from a similar strain to ours for 

their activity in a similar apparatus but with wide ap- 

ertures between chambers. He has produced two 

strains very different in activity, which he made avail- 

able to us. The flies of the active strain, when reared 

together with those of the passive strain under good 

conditions, weigh some 20 g less than the latter. Dr. 

van Dijke kindly ran our strains in his apparatus and 

confirmed the difference in activity between them 

which was, however, much less than that between his 
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F i g . 3 .  Phenotypic  r e g r e s s i o n  of body weight  on s c o r e  at gene ra t i on  11. 
A r r o w s  ind ica te  the m e a n s  and s t andard  dev ia t ions  

s t r a i n s .  It t h e r e f o r e  s e e m s  c l e a r  that t h e r e  is  a n e g a -  

t i ve  gene t i c  c o r r e l a t i o n  be tween  body s i z e  and ac t iv i ty  

and that the r e s p o n s e  in ac t iv i ty  in our  s t r a i n s  i s  p a r t -  

ly d i r e c t  and p a r t l y  c o r r e l a t e d .  But we must  r e m e m -  

b e r  that ac t iv i ty  i t s e l f  may  be c o m p l e x .  Ewing (1963) 

s e l e c t e d  D~osophiT.a fo r  r educed  spontaneous  ac t iv i ty  

and concluded that  he had in fact  s e l e c t e d  not fo r  a c t i -  

v i ty  but for  a c l aus t rophob ic  b e h a v i o u r  pa t t e rn  which 

p r e v e n t e d  the f l i e s  f r o m  en te r ing  n a r r o w  p a s s a g e s  

connect ing  the c o m p a r t m e n t s  of his  ac t iv i ty  m a z e .  In 

our  e x p e r i m e n t s  we may  t h e r e f o r e  have  been  se l ec t i ng  

not only for  exp lor ing  behav iou r  but a lso  the wi l l i ng -  

n e s s  of the f ly to s q u e e z e  through s l i t s .  

To look f u r t h e r  into the c o n s e q u e n c e s  of an i n t e r -  

r e l a t i onsh ip  be tween  body s i z e  and ac t iv i ty ,  we con-  

s i d e r e d  as a pos s ib l e  model  of the s i tua t ion  the m a -  

t h e m a t i c a l  r e l a t i o n s h i p  be tween  s c o r e  ( S ) ,  weight  

(w) and ac t iv i ty  (a)  S = 10 t a n - l ( w / a ) .  

The fac to r  10 is  a r b i t r a r y  and s e r v e s  as a c o n v e -  

nient  t r a n s f o r m a t i o n  of s c a l e .  This r e l a t i onsh ip  has  

the d e s i r e d  p r o p e r t y  that the i m p o r t a n c e  of body weight  

in d e t e r m i n i n g  the s c o r e  depends on the m e a n  ac t iv i ty  

in the ind iv iduals  c o n c e r n e d .  If the m e a n  ac t iv i ty  is  

high,  s c o r e  i s  m o s t l y  d e t e r m i n e d  by weight  and if the 

ac t iv i ty  is  low the s c o r e  is  m o s t l y  d e t e r m i n e d  by a c -  

t i v i t y .  Se l ec t ion  fo r  s c o r e ,  ba sed  on such a r e l a t i o n -  

ship be tween  weight  and ac t iv i ty ,  was then s i m u l a t e d  

on a c o m p u t e r .  N o r m a l  genotypic  and e n v i r o n m e n t a l  

componen t s  w e r e  s i m u l a t e d  fo r  the two component  

c h a r a c t e r s ,  a s suming  a gene t i c  c o r r e l a t i o n  of - 0 . 5  

and a phenotypic  r e l a t i onsh ip  of z e r o .  Both c h a r a c -  

ters were assumed to have a phenotypic standard de- 

viation of unity and heritabilities of 0.4 and 0.15 for 

body weight and activity respectively. Selection for 

score was then simulated for I0 generations with ini- 

tial population means of five and three units respecti- 

vely. The results for selection in the two directions 

were quite clear in that there was not only a clear 

asymmetry of response in score but also, in a more 

pronounced way, in body weight. 

These results then indicate that asymmetry of sel- 

ection response may result when a composite trait is 

based on a few component characters which interact 

in a non-linear manner. The importance of this will 

depend on the extent of variation in the two characters. 

In the present instance, the non-linear effects operate 

within the range of variation of a single generation to 

produce a non-linear regression of body weight on 

score. It is then not surprising that non-linear effects 

are also observed when selection responses over se- 

veral generations are considered. As selection pro- 

ceeds the interaction between the components may 

well be altered. An example of this comes from the 

work of Land and Falconer (1969), selecting for spon- 

taneous ovulation rates in the mouse. Selection for 

high ovulation rate produced a response due to an in- 

crease in FSH-activity whereas the response down- 

wards was due to an increased sensitivity of the ovar- 

ies to the hormone. This then provides an alternative 

kind of explanation for the asymmetry of direct and 

correlated responses to that put forward by Bohren 

et al. (1966) which is in terms of pleiotropic effects 
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c o n t r i b u t i n g  in t he  o p p o s i t e  d i r e c t i o n  to t he  g e n e t i c  c o -  

v a r i a n c e  b e t w e e n  the  two c h a r a c t e r s .  Th is  m a y  b e  

a m o r e  g e n e r a l  p h e n o m e n o n  than  h a s  p r e v i o u s l y  b e e n  

realised. 
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