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F i s h  a n d  A q u a c u l t u r e  R e s e a r c h  S t a t i o n ,  D o r ( I s r a e l )  

S u m m a r y .  The  n u m b e r  of i n t e r m u s c u l a r  b o n e s ,  v e r t e b r a e ,  r i b s ,  d o r s a l  f in  r a y s  a n d  a n  i n d e x  of  b o n e  
d i s o r d e r s  w e r e  d e t e r m i n e d  f r o m  x - r a y  p h o t o g r a p h s  of  o v e r  1000 c o m m o n  c a r p .  T h e s e  c a r p  r e p r e s e n t e d  
a b r o a d  g e n e t i c  r a n g e ,  i n c l u d i n g  f i v e  d i s t i n c t  l i n e s  of  t h e  d o m e s t i c a t e d  E u r o p e a n  c a r p ,  o n e  g r o u p  of  t h e  
C h i n e s e  r a c e  Big-Belly a n d  12 c r o s s b r e d s .  The  g e n e t i c ,  a n d  e v e n  t h e  p h e n o t y p i c ,  v a r i a t i o n  in  i n t e r m u s -  
c u l a r  b o n e s  w e r e  m u c h  s m a l l e r  t h a n  t h o s e  found  in  e a r l i e r  e x p e r i m e n t s .  V a r i a t i o n  of  o t h e r  b o n e  c h a r -  
a c t e r s  w a s  a l s o  a n a l y z e d  and  t he  r e l a t i o n s h i p  of i n t e r m u s c u l a r  b o n e s  a n d  r i b s  to  v e r t e b r a e  w a s  d e t e r -  
m i n e d .  

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

The  n u m b e r  of  i n t e r m u s c u l a r  b o n e s  h a s  b e e n  c o u n t e d  in  

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

t i ng  ou t  t h e  i n t e r m u s c u l a r  ( h e n c e f o r t h  IM)  b o n e s  ( L i e d e r  

1 9 6 1 a , b ;  A n w a n d ,  1962;  K a n d l e r , 1 9 7 i ;  J a h n i c h e n ,  1971;  

J a h n i c h e n  a n d  B a l l ,  1 9 7 2 ) ,  o r  b y  c o u n t i n g  t h e  IM b o n e s  

f r o m  x - r a y  p h o t o g r a p h s  ( v .  S e n g b u s c h ,  1963;  v .  S e n g -  

b u s c h  a n d  M e s k e ,  1967;  M e s k e ,  1968;  K o s s m a n n ,  1 9 7 2 ) .  

A c c o r d i n g  to  L i e d e r  ( 1961 a , b ) ,  who e x a m i n e d  11 s p e -  

c i m e n s ,  t h e  n u m b e r  of  IM b o n e s  in  t h e  c o m m o n  c a r p  i s  

99 ,  w i th  a r a n g e  of  95 to  104.  L i e d e r  w a s  a p p a r e n t l y  t h e  

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

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

bu t  h e  w a s  no t  o p t i m i s t i c  b e c a u s e  of  t h e  s m a l l  p h e n o t y p i c  

v a r i a t i o n  t h a t  h e  f o u n d .  He  a l s o  s t a t e d  t h e  n e e d  f o r  x - r a y  

p h o t o g r a p h s  of  l i v e  f i s h  f o r  w o r k  of  t h i s  t y p e .  K a n d l e r  ( i 971  ) 

f o u n d  a m e a n  n u m b e r  of  80 IM b o n e s  ( r a n g e :  7 6 - 8 4 ) ,  in  

f o u r  c a r p  f r o m  H o l s t e i n ,  w h i l e  in  t h r e e  w i l d  c a r p  ( o n e  

f r o m  t h e  r i v e r  E l b e  a n d  two f r o m  a l a k e  in  T u r k e y )  t h e  

n u m b e r  of  IM b o n e s  r a n g e d  f r o m  100 to  102.  

The  f i r s t  w o r k e r  to  u s e  l a r g e  s a m p l e s  w i th  t h e  o b j e c t  

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

v .  S e n g b u s c h  ( 1 9 6 3 ) .  He a n d  h i s  c o w o r k e r s  t o o k  x - r a y  

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

a n d  f o u n d  a r e l a t i v e l y  w ide  p h e n o t y p i c  v a r i a t i o n  ( v .  S e n g -  

c o m p o n e n t  f o r  IM b o n e s  b y  s t u d y i n g  8 f u l l - s i b  f a m i l i e s  b e -  

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

n a r r o w  g e n e t i c  b a s i s  of  h i s  p o p u l a t i o n ,  h e  found, r e l a t i v e l y  

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

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

in  IM b o n e s  of  c a r p ,  s t a r t i n g  f r o m  a b r o a d  g e n e t i c  ba@is 

i n c l u d i n g  f i ve  l i n e s  of  t h e  E u r o p e a n  d o m e s t i c a t e d  c a r p ,  

a s t r a i n  of  t h e  C h i n e s e  r a c e  (Big-Belly), t h r e e  i n t e r - r a c e  

F 1 c r o s s b r e d s  a n d  n i n e  c r o s s b r e d s  a m o n g  t h e  E u r o p e a n  

l i n e s .  W e  e x p e c t e d  to  f i n d  i n  o u r  p o p u l a t i o n s  at  l e a s t  a s  

w i d e  a r a n g e  of IM b o n e s  a s  t h a t  f ound  b y  K o s s m a n n .  

The  x - r a y  p h o t o g r a p h s  s e r v e d  to s t u d y  s e v e r a l  o t h e r  

b o n e s ,  i . e . ,  v e r t e b r a e ,  r i b s ,  d o r s a l  f in  r a y s  a n d  v i s i b l e  

b o n e  d i s o r d e r s .  O v e r  1000 f i s h  w e r e  p h o t o g r a p h e d ,  b u t ,  

c o n t r a r y t o  e x p e c t a t i o n s ,  t h e  r a n g e  of v a r i a t i o n  in  IM b o n e s  

was far to narrow to permit a selection program. 

The  F i s h  S t o c k s  

A l t o g e t h e r  18 g r o u p s  w e r e  s t u d i e d .  T h e s e  i n c l u d e d  s i x  

c l o s e d  l i n e s  a n d  12 c r o s s b r e d s  ( T a b l e  1 ) .  The  l i n e s  w e r e  

t h e  f o l l o w i n g  ( H u l a t a  e t  a l . ,  1974;  M o a v  e t  a l . ,  1964)  : 

( a )  Gold;, a n  i n b r e d  l i n e  c a l l e d  Gold w a s  i n i t i a t e d  w i t h  

m u t a n t  Gold i n d i v i d u a l s  ( h o m o z y g o u s  r e c e s s i v e s )  f o u n d  

in  a f i s h  f a r m  in  I s r a e l  in  1963 .  

( b )  Blue-Grey; a s e c o n d  i n b r e d  l i n e  c a l l e d  Blue-Gr~y 

b u s c h ,  1967,  v .  S e n g b u s c h  a n d  M e s k e ,  1967,  M e s k e , 1 9 6 8 ) .  w a s  f o u n d e d  b y  i n d i v i d u a l s  h o m o z y g o u s  f o r  t h e  two r e c e s -  

F o r  e x a m p l e ,  in  o n e  p o p u l a t i o n  t h e y  f o u n d  a r a n g e  of  70 

to 135 IM b o n e s .  K o s s m a n n  ( 1 9 7 2 )  s e p a r a t e d  a g e n e t i c  

* This research was supported by a grant from the Na- 
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s i v e  b o d y  c o l o u r a t i o n  m u t a t i o n s ,  Blue and Grey!. T h e s e  

w e r e  found  in  a n o t h e r  f i s h  f a r m  in  I s r a e l  in  1960 .  

( c )  Na~ice; a s e l e c t e d  s t r a i n  d e v e l o p e d  in  t h e  f i s h  f a r m  

N a ~ i c e  in  Y u g o s l a v i a ,  a n d  i n t r o d u c e d  to  I s r a e l  in  1970 

( F i j a n ,  p e r s o n a l  c o m m u n i c a t i o n ) .  

(d )  Holland-B; t h i s  s t r a i n  w a s  i n t r o d u c e d  to  I s r a e l  
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T a b l e  1. The  g e n e t i c  g r o u p s ,  t h e i r  p a r e n t s  a n d  n u m b e r s  of f i s h  s t u d i e d  

T e s t e d  g r o u p  Parents strains and numbers 

1971 1972 

f e m a l e  m a l e  f e m a l e  m a l e  

No .  of f i s h  
s t u d i e d  in  

1971 1972 

Big-Belly (BB) BB (16)  
B B  x N a s  BB (16)  
B B  x Gold  Gold  (4 )  
B B  x D o r  D o r  (19 )  

Na~ice ( N a s )  N a s  (16)  
N a s  • Go ld  Gold  (4)  
N a s  • D o r  D o r  (14)  
N a s  • B l u e  
N a s  • H o l - B  

Gold Gold  (4)  
Go ld  X D o r  D o r  (15 
Go ld  x B l u e  B l u e  (5 

Do t -70  ( D o r )  D o r  (15 
D o r  x B l u e  

Blue-Grey (Blue) 
B l u e  • H o l - B  

Holland-B ( H o l - B )  
H o l - B  x T T (29)  

Tota l  157 

BB (16) 
N a s  (5)  
B B  (16)  
BB (18) 
N a s  (4) 
N a s  (4 )  
N a s  (5) 

Gold  (10)  
Gold  (7 )  
Gold  (9 )  

D o r  (18)  

H o l - B  (12) 

124 

BB (6 )  BB (6 )  7 114 
9 
9 
9 

N a s  (17)  N a s  (17)  15 73 
N a s  (15)  Gold  (7)  26 58 
N a s  (16)  D o r  (15)  13 17 
N a s  (6)  B l u e  (7)  43 
N a s  (14)  H o l - B  (10)  113 

Gold  (11)  Gold  (10)  15 48 
13 
13 

D o r  (38)  Dor  (37)  16 39 
Dor  (21)  B l u e  (4)  60 

B l u e  (13)  B l u e  (4 )  59 
H o l - B  (34)  B l u e  (18)  93 

H o l - B  (10)  H o l - B  (9)  103 
T (31)  H o l - B  (64)  17 32 

232 208 162 852 

f r o m  t h e  N e t h e r l a n d s  t e n  y e a r s  ago a n d  kep t  s i n c e  t h e n  

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

(e) Dot-70; t h i s  I s r a e l i  l i n e  i s  a p r o d u c t  of  a s e l e c t i o n  

e x p e r i m e n t  f o r  h i g h e r  g r o w t h  r a t e  ( u n p u b l i s h e d ) .  It h a s  

b e e n  k e p t  a s  a c l o s e d  l i n e  s i n c e  1965 .  

( f )  Big-Belly; t h i s  r a c e  of  C h i n e s e  c o m m o n  c a r p  w a s  

i n t r o d u c e d  to  I s r a e l  f r o m  T a i w a n  in  1970 (L in ,  p e r s o n a l  

c o m m u n i c a t i o n ) .  

A l l  t h e  t e s t e d  g r o u p s  a r e  l i s t e d  in  T a b l e  1 a c c o r d i n g  

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

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

( M o a v  a n d  W o h l f a r t h ,  1973) a n d  n u m b e r  of  f i s h  s t u d i e d  

i n  1971 a n d  i n  1972 .  

M e t h o d s  

E a c h  g r o u p  w a s  s p a w n e d  in  a s e p a r a t e  p o n d  in  t h e  l a s t  

w e e k  of  A p r i l .  N u r s i n g  to m e a n  w e i g h t s  of  25 g ( W o h l -  

f a r t h  e t  a l . ,  1965) w a s  a l s o  c a r r i e d  out  in  s e p a r a t e  p o n d s .  

The  n u r s e d  f i n g e r l i n g s  w e r e  b r a n d - m a r k e d  ( M o a v  e t  a l . ,  

1 9 6 0 a , b ) ,  a n d  s t o c k e d  i n to  c o m m u n a l  ( m i x e d )  p o n d s  s e r v -  

ing  p a r t  of  o u r  e x p e r i m e n t s  f o r  s t u d y i n g  g e n e t i c  d i f f e r e n -  

c e s  in  g r o w t h  r a t e  ( W o h l f a r t h  a n d  M o a v ,  1972 ; M o a v  a n d  

W o h l f a r t h ,  1 9 7 3 ) .  W h e n  t h e s e  e x p e r i m e n t s  t e r m i n a t e d  in  

m i d  N o v e m b e r ,  s a m p l e s  of f i s h  w e r e  x - r a y  p h o t o g r a p h e d  

f o r  t h e  p r e s e n t  s t u d y .  

The  x - r a y  p h o t o g r a p h s .  C o u n t s  of IM ( i n t e r m u s c u l a r )  and  
o t h e r  b o n e s  w e r e  m a d e  on  n e g a t i v e s  of  x - r a y  p h o t o -  
g r a p h s .  In 1971 t he  c a m e r a  u s e d  w a s  Sof tex  E - 3 ,  a n d  in  
1972 it  w a s  Sof tex  E - 2 .  The  p h o t o g r a p h i c  p l a t e s  w e r e  A g f a  
s t r u c t u r i x  D7p F W .  S m a l l  s h e e t s  of  20 x 10 c m  w e r e  cu t  
a n d  i n s e r t e d  in to  b l a c k  e n v e l o p e s .  D u r i n g  e x p o s u r e  t h e  
f i s h  w e r e  l a i d  on  t h e  e n v e l o p e s  a n d  w e r e  m a r k e d  b y  m e -  
t a l  n u m b e r s .  In 1971 t h e  n e g a t i v e s  w e r e  d e v e l o p e d  w i th  
a n  a u t o m a t i c  E x o m a t  i n s t r u m e n t  a t  t h e  H a d a s s a  H o s p i t a l  
in  J e r u s a l e m ,  and  i n  1972 t h e y  w e r e  d e v e l o p e d  w i th  s i -  
m i l a r  e q u i p m e n t  a t  t he  R a m b a m  H o s p i t a l  in  H a i f a .  The  
d e v e l o p e d  n e g a t i v e s  w e r e  f i x e d ,  w a s h e d  and  d r i e d .  F o r  
b o n e  c o u n t i n g  t h e  n e g a t i v e s  w e r e  m a g n i f i e d  and  i l l u m i n -  
a t e d  b y  a H e l i o g r a p h  i n s t r u m e n t .  

D u r i n g  e x p o s u r e  t h e  f i s h  w e r e  l a i d  2 0 - 3 0  c m  f r o m  
t h e  s o u r c e  of r a d i a t i o n  ( 185-200  KV at  9 m A m p ) ,  f o r  
b e t w e e n  5 and  60 s e c o n d s  d e p e n d i n g  on  t h e  s i z e  of t h e  f i s h .  
To s top  t h e  f i s h  m o v i n g  d u r i n g  e x p o s u r e ,  t h e y  w e r e  c o l d -  
s h o c k e d  in  a c o n t a i n e r  f i l l e d  wi th  a m i x t u r e  of  i c e  and  
w a t e r .  

The  t h i c k  f r o n t  p a r t  of  t h e  c a r p  body  r e q u i r e d  l o n g e r  
e x p o s u r e  t h a n  t h e  t h i n n e r  t a i l .  L a r g e  f i s h  ( o v e r  400 g) 
r e q u i r e d  t h r e e  e x p o s u r e  d u r a t i o n s  - l o n g e s t  a t  t h e  f r o n t  
(up  to 60 s e c o n d s ) ,  s h o r t e r  in  t h e  m i d - b o d y ,  a n d  s h o r -  
t e s t  f o r  t h e  t a i l  r e g i o n .  The  IM b o n e s  of  t h e  t h i c k  f r o n t  
w e r e  t h e  m o s t  d i f f i cu l t  to  c o u n t .  O c c a s i o n a l l y  t h e  e n d  
of  t h e  t a i l  w a s  s l i g h t l y  o v e r - e x p o s e d ,  s o  t h a t  t h e  p o s t e r -  
i o r  IM b o n e s  w e r e  a l s o  not  c o m p l e t e l y  c l e a r .  

E x p e r i m e n t a l  R e s u l t s  

The  n u m b e r s  of v e r t e b r a e ,  r i b s ,  d o r s a l  IM b o n e s ,  v e n -  

t r a l  IM b o n e s ,  d o r s a l  f in  r a y s  and  i n d e x  of b o n e  d i s o r -  

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

b e r  of IM b o n e s  ( d o r s a l  p l u s  v e n t r a l ) ,  t o t a l  n u m b e r  of 
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Table 2. Measurements on the studied characters (R=range ; M=mean; SE=Standard error  ; OF=Coefficient of 
v a r i a t i o n ) .  

A .  N u m b e r  o f  v e r t e b r a e ,  r i b s  a n d  v e n t r a l  ( r i b s  p l u s  v e n t r a l  i n t e r m u s c u l a r )  b o n e s  

35 

Group 

V e r t e b r a e  R i b s  V e n t r a l  b o n e s  

1971  1972  1972  1972  

R M - 3 0  SE C V R M - 3 0  SE C V  R M - 2 9  SE C V  R M - 5 5  Se  C V  
% % % % 

Big-Belly ( B B )  
BB • Nas 
BB • Gold 
BB • Dor 

Na~ice ( N a s )  
N a s  • G o l d  
N a s  • D o r  
N a s  • B l u e  
N a ~  • H o l - B  

GoLd 
G o l d  • D o r  
G o l d  • B l u e  

Dot-70 ( D o r )  
D o r  x B l u e  

B$ue-Grey (Blue) 
B l u e  x H o l - B  

Holland-B ( H o l - B )  
H o l - B  • T 

M e a n  ( t o t a l )  

2 4 . 1  0 . 4  3 . 1  6 3 . 6  
2 4 . 1  0 . 2  1 . 8  
0 4 . 0  0 . 0  0 . 0  
1 4 . 4  0 . 2  1 . 8  

2 5 . 5  0 . 2  1 . 9  5 5 . 3  
1 5 . 0  0 . 0  0 . 6  2 5 . 3  
1 4 . 9  0 . 1  1 . 1  3 5 . 5  

3 4 . 4  
3 5 . 2  

1 5 . 1  0 . 1  1 . 0  2 5 . 1  
1 5 . 5  0 . 1  1 . 4  
2 5 . 1  0 . 2  1 . 6  

3 4 . 4  0 . 2  2 . 3  2 4 . 7  
3 4 . 6  

2 4 . 7  
3 5 . 5  

3 5 . 5  
1 5 . 3  0 . 1  1 . 3  2 5 . 2  

3 4 . 9  0 . 1  2 . 2  8 4 . 9  

0 . 1  2 . 3  4 0 . 0  

0 . 1  2 . 0  4 1 . 2  
0 . 1  1 . 4  4 2 . 5  
0 . 2  2 . 3  4 2 . 4  
0 . 1  1 . 9  4 1 . 0  
0 . 1  1 . 8  6 2 . 3  

0 . 1  1 . 3  4 1 . 8  

0 . I  1 . 6  2 1 . 5  
0 .  I 1 . 6  4 1 . 5  

0 . 1  0 . 1  4 1 . 1  
0 . 1  1 . 7  6 2 . 1  

0 . 1  1 . 6  4 2 . 0  
0 . 1  1 . 6  2 1 . 9  

0.0 2 . 5  6 1.6 

0 . 1  3 . 8  11 3 . 6  

0 . 1  3 . 6  11 5 . 6  
0 . 1  3 . 1  9 7 . 8  
0 . 3  3 . 8  8 5 . 9  
0 . 1  3 . 3  8 4 . 7  
0 . 1  3 . 7  12 5 . 3  

0 . 2  4 . 2  8 5 . 7  

0 . 1  2 . 8  7 5 . 1  
0 . 1  3 . 0  13 4 . 8  

0 . 1  2 , 6  8 5 , 5  
0 . 1  3 . 5  11 6 . 7  

0 . 1  3 . 5  12 4 . 4  
0 . 2  3 . 3  13 4 . 7  

0 . 1  4 . 3  16 5 . 3  

0 . 2  3 . 8  

0 . 3  3 . 8  
0 . 3  3 . 0  
0 . 6  3 . 8  
0 . 2  3 . 4  
0 . 3  3 . 5  

0 . 3  3 . 3  

0 . 3  2 . 9  
0 . 3  4 . 1  

0 . 3  3 . 4  
0 . 2  3 . 4  

0 . 2  3 . 8  
0 . 2  3 . 9  

0 . 1  4 . 0  

B .  N u m b e r  o f  d o r s a l  a n d  v e n t r a l  i n t e r m u s o u l a r  b o n e s  

G r o u p  

D o r s a l  I n t e r M  b o n e s  V e n t r a l  I n t e r M  b o n e s  

1971 1972  1971  197 2  

R M - 6 3  SE C V R M - 6 3  SE CV R M - 2 6  SE CV R M - 2 6  SE CV 

Big-Be I ly ( B B  ) 
B B  • Nas  
B B  • G o l d  
BB • D o t  

Na~ice ( N a s )  
N a s  • G o l d  
N a s  • D o r  
N a s  • B l u e  
N a s  • H o l - B  

GoLd 
G o l d  • D o r  
G o l d  • B l u e  

Dot-70 ( D o r )  
D o r  • B l u e  

Blue-Grey ( B l u e )  
B l u e  • H o l - B  

Holland-B ( H o l - B )  
H o l - B  • T 

M e a n  ( t o t a l )  

5 1 . 1  0 . 7  3 . 1  13 0 . 7  
4 3 . 0  0 . 4  2 . 1  
4 1 . 6  0 . 4  1 . 8  
6 2 . 0  0 . 7  3 , 2  

8 3 . 6  0 . 6  3 . 4  13 3 . 6  
8 3 . 6  0 . 3  2 . 9  8 4 . 1  
7 3 . 2  0 . 6  3 . 1  9 3 . 3  

7 2 . 4  
1 4 3 . 2  

0 . 3  1 . 9  7 2 . 9  
0 . 7  3 . 4  
0.5 2 . 5  

0 . 5  3 . 3  8 2 . 8  
2 0 2 . 8  

9 3 . 0  
1 1 3 . 9  

4 2 . 7  
9 5 . 1  
6 3 . 5  

7 2 . 8  

7 3 . 5  

10 3 . 2  

0 . 2  3 . 4  5 0 . 7  
5 1 . 6  
4 1 . 2  
5 1 . 3  

0 . 3  3 . 4  7 1 . 1  
0 . 2  2 . 6  8 1 . 7  
0 . 5  3 . 4  7 1 . 8  
0 . 3  2 . 5  
0 . 2  2 . 9  

0 . 2  2 . 5  9 1 . 1  
7 1 . 3  
4 1 . 6  

0 . 3  3 . 0  13 0 . 5  
0 . 3  4 . 0  

0 . 2  2 . 8  
0 . 2  2 . 7  

11 3 . 3  0 . 2  2 . 8  
0 . 5  3 . 1  12 3 . 7  0 . 5  4 . 1  r 1 . 8  

0 . 2  _ 3 . 1  20 2 . 9  0 . 1  3 . 4  14 1 . 3  

0 . 7  7 . 4  12 3 . 6  0 . 2  6 . 8  
0 . 5  5 . 8  
0 . 4  4 . 7  
0 . 5  5 . 5  

0 . 5  6 . 4  11 4 . 4  0 . 3  7 . 7  
0 . 4  6 . 6  7 5 . 2  0 . 2  5 . 2  
0 . 5  6 . 5  6 3 . 5  0 . 5  7 . 1  

7 3 . 7  0 . 3  5 . 8  
11 3 . 0  0 . 2  6 , 5  

0 . 6  8 . 6  8 4 . 0  0 . 3  5 . 6  
0 . 5  6 . 2  
0.4 5 . 2  

0 . 8  1 1 . 9  8 3 . 7  0 . 3  5 . 4  
12 3 . 3  0 . 3  7 . 7  

7 4 . 4  0 . 3  6 . 3  
10 4 . 5  0 . 2  6 . 4  

9 2 . 4  0 . 2  6 . 6  
0 . 4  6 . 5  13 2 . 8  0 . 4  7 . 7  

0 . 2  7 . 0  16 3 . 7  0 . 1  7 . 1  



36 R o m  M o a v  et  a l .  : V a r i a b i l i t y  of  I n t e r m u s c u l a r  B o n e s  in  t h e  C o m m o n  C a r p  

C .  N u m b e r  of  t o t a l  i n t e r m u s c u l a r  b o n e s ,  d o r s a l  f in  r a y s  a n d  to ta l  i n t e r m u s c u l a r  b o n e s  d i v i d e d  by n u m b e r  of  
v e r t e b r a e  

Total InterM bones InterM/Vertebrae Dorsal fin rays 

1971 1972 1971 1972 1972 

G r o u p  R M - 9 0  SE CV R M - 9 0  SE CV M e a n  M e a n  R M-18  SE CV 

Big-Belly ( B B )  7 0 . 9  1 . 0  2 . 9  16 3 . 4  0 . 3  3 . 3  2 . 6 6  2 . 7 8  6 0 . 6  0 . 1  5 . 7  
BB x N a s  5 3 . 7  0 . 5  1 .6  2 . 7 5  
BB •  4 1 .8  0 . 5  1 .6  2 . 7 0  
BB x D o r  10 2 . 3  1 . 0  3 . 2  2 . 6 8  

Na~ioe ( N a s )  9 3 . 8  0 . 7  3 . 0  22 7 . 0  0 . 4  3 . 8  2 . 6 4  2 . 7 5  5 2 .1  0 . 1  5 .1  
N a s  •  14 4 .2  0 . 6  3 . 3  12 8 . 4  0 . 4  2 . 9  2 . 6 9  2 . 7 9  4 2 . 1  0 . 1  4 .3  
N a s  •  8 3 . 8  0 . 6  2 . 2  13 5 .8  0 . 9  3 . 8  2 . 6 9  2 . 7 0  5 0 . 8  0 . 3  7 . 6  
N a s  •  11 5 . 0  0 . 4  2 . 7  2 . 7 7  4 2 . 4  0 . 1  4 . 3  
N a s  •  15 5 . 2  0 . 3  2 . 9  2 . 7 1  5 2 . 0  0 . 1  5 . 0  

Gold 12 2 . 7  0 . 9  3 . 4  12 5 .8  0 . 4  2 . 7  2 . 6 4  2 . 7 3  6 1 . 9  0 . 1  5 . 3  
G o l d x D e r  12 5 . 3  0 . 9  3 . 5  2 . 6 9  
Gold  •  8 4 . 3  0 . 6  2 . 3  2 . 6 8  

Dor-70 ( D o r )  16 2 . 3  1 . 2  5 .1  11 5 . 5  0 . 5  3 . 3  2 . 6 8  2 . 7 5  5 1 . 2  0 . 1  4 .2  
D o r  •  29 5 . 0  0 . 5  4 .3  2 . 7 5  

Blue-Grey ( B l u e )  12 6 . 4  0 . 3  2 . 7  2 . 7 8  
B l u e  x H o l - B  13 7 . 4  0 . 3  2 . 6  2 . 7 5  

Holland-B ( H o l - B )  14 4 . 7  0 . 3  2 . 9  2 . 6 7  
H o l - B  NT 12 4 . 2  0 . 8  3 . 4  14 5 .1  0 . 7  3 . 9  2 . 6 7  2 . 7 1  4 2 . 7  0 . 2  5 .6  

M e a n  ( t o t a l )  20 3 . 5  0 . 3  3 . 4  29 5 .6  0 . 1  3 . 5  2 . 6 8  2 . 7 4  9 1 .8  0 . 0  5 .8  

D.  B o n e  d i s o r d e r s  and  a x  2 t e s t  f o r  i n d e p e n d e n c e  of l i gh t  a nd  s e v e r e  d i s o r d e r s  (100P% = p e r c e n t a g e  of 
f i s h  s h o w i n g  b o n e  d i s o r d e r s ;  t h e  f o u r  c l a s s e s  of d i s o r d e r s  w e r e  d e f i n e d  in  t he  t e x t )  

Proportion and Index of bone disorders 

1971 1972 

No .  of  f i s h  at  f o u r  c l a s s e s  

of  d i s o r d e r s  (1972)  

G r o u p  100P ~ M SE 100P ~ M SE 0 1 -4  5 6 - 9  X ~ 

Big-Belly (BB) 57 1.6 0.9 22 0.8 
BB xNas 78 1.6 0.5 
BB xGold 78 2.1 0.9 
BB • 67 0.7 0.2 

Na~ioe ( N a s )  100 5 . 2  0.5 63 2.0 
N a s  •  96 2 . 1  0 . 4  41 1 .1  
N a s  •  100 2 . 9  0 . 5  65 2 . 1  
N a s  • Blue 61 1 . 4  
N a s  x H o l - B  86 2 . 2  

Gold 87 1 . 9  0 . 5  60 2 . 3  
Gold  • D o r  92 2 . 3  0 . 4  
G o l d  y B l u e  62 0 . 9  0 . 3  

Dot-Y0 ( D o r )  88 2 . 9  0 . 7  33 0 . 7  
D o r  x B l u e  57 2 . 1  

Blue-Grey ( B l u e )  46 1 . 7  
B l u e  • H o l - B  40 0 . 9  

Holland B ( H o I - B )  89 2 . 0  
H o I - B  •  84 1 . 5  0 . 3  63 2 . 3  

M e a n  ( t o t a l )  85 2 . 2  0 . 2  57 1 .6  

0 . 2  89 16 3 5 1 1 . 9 ~  

0 . 3  27 33 3 10 2 . 1  
0 . 3  34 18 3 3 0 . 5  
0 . 5  6 8 0 3 2 . 0  
0 . 3  17 20 5 1 2 . 9  
0 . 2  16 88 4 5 4 . 8 ~  

0 . 4  19 16 5 8 6 . 9 ~  

0 . 3  26 11 1 1 0 . 4  
0 . 4  26 21 3 9 3 . 5  

0 . 3  32 16 2 9 8 . 6  ~ 
0 . 2  56 31 2 4 2 . 3  

0 . 1  11 85 2 5 1 .2  
0 . 5  12 12 2 6 3 . 4  

0 . 1  371 375 35 69 9 , 5  ~ 

S i g n i f i c a n t  at  t h e  5 ~ l e v e l  

~ S i g n i f i c a n t  a t  t h e  1 ~ l e v e l  
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F i g .  1. The  f r e q u e n c y  d i s t r i b u t i o n s  of s e v e r a l  b o n e  c h a r -  
a c t e r s  in the two groups Big,Bel~y (BB) and Na~J~ee • 
C-old (BB) (n = 114) is presented by the left hand columns 
and Ea~oex Go~d (n = 58) by the right hand columns 

ventral bones (ribs plus ventral IM bones), and the 

ratio: total number of IM bones to number of vertebrae, 

were computed. The means (M), ranges (B) , Standard 

errors (SE) and Coefficients of variation (CV-Standard 

deviation divided by the mean) of the above characters 

are presented in Tables 2A, 2B, 2C, and 2D. For the in- 

dex of bone disorders the proportion of fish having any 

kind of disorder was computed (Table 2D, the • 

of this table will be discussed later). The intra-group 

frequency distributions of the 1972 samples of the two 

extreme groups B4g-BeZZy and Na4~1;ee x ~oZd are pre- 

sented in Fig. I. 

D o m i n a n c e  r e l a t i o n s h i p s .  The  d o m i n a n c e  r a t i o  w a s  m e a s -  

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

of a n  F 1 c r o s s b r e d  and  t h e  m i d - p o i n t  ( u n w e i g h e d  m e a n )  

of  i t s  two p a r e n t s  a n d  a i s  h a l f  t h e  d i f f e r e n c e  b e t w e e n  

t h e  m e a n  of  t h e  two p a r e n t s .  The  r a t i o  d / a  s e r v e s  a s  a 

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

n a n c e  ( F a l c o n e r ,  1 9 6 0 ) .  Ten  F t c r o s s b r e d s  w e r e  t e s -  

t e d  s i m u l t a n e o u s l y  w i t h  t h e i r  two p a r e n t s .  T h r e e  of 

t h e s e  t e n  w e r e  i n t e r - r a c i a l  c r o s s b r e d s  of  t h e  C h i n e s e  

B's a n d  a E u r o p e a n  l i n e ,  a n d  t h e  r e m a i n i n g  s e v e n  

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

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

t e d  f o r  e a c h  c r o s s b r e d  p o p u l a t i o n  ( T a b l e  3 ) .  

F o r  m o s t  of  t h e  s t u d i e d  c h a r a c t e r s  a n d  c r o s s b r e d s  

t h e  i n t e r - p a r e n t a l  r a n g e  (2 a ) w a s  r e l a t i v e l y  s m a l l ,  s o  

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

r a t i o  w a s  l a r g e .  

V a r i a t i o n  b e t w e e n  i n d i v i d u a l s  w i t h i n  ~ r o u p s  and  b e t w e e n  

t h e  ~ r o u p s  m e a n s .  T a b l e  4 s h o w s ,  f o r  a l l  t h e  s t u d i e d  

c h a r a c t e r s ,  t h e  m e a n s  ( o v e r  a l l  t h e  t e s t e d  g r o u p s ) ,  t h e  

w i t h i n  g r o u p s  S t a n d a r d  d e v i a t i o n s ,  t h e  b e t w e e n  g r o u p s  

S t a n d a r d  d e v i a t i o n s  a n d  t h e  i n t r a - c l a s s  c o r r e l a t i o n  c o -  

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

t h e  s u m  of t h e  w i t h i n  p l u s  b e t w e e n  v a r i a n c e  c o m p o n e n t s ) .  

T h i s  c o e f f i c i e n t  i s  s i m i l a r  to  h e r i t a b i l i t y ,  a n d  in  t h e  

p r e s e n t  c a s e  i t  e s t i m a t e d  t h e  p r o p o r t i o n  of i n t e r g r o u p  

g e n e t i c  v a r i a n c e  i n  t h e  t o t a l  v a r i a n c e .  T a b l e  4 a l s o  

s h o w s  a r e a s o n a b l y  good  a g r e e m e n t  b e t w e e n  t h e  y e a r s  

1971 a n d  1972.  The b e t w e e n  g r o u p  v a r i a n c e s  ( o r  SD) of 

a l l  t h e  t r a i t s ,  t h o u g h  s m a l l  in  a b s o l u t e  t e r m s  a n d  in  r e -  

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

f r o m  z e r o .  H o w e v e r ,  s t a t i s t i c a l  s i g n i f i c a n c e  d o e s  not  

n e c e s s a r i l y  m e a n  u s e f u l n e s s  to  t h e  b r e e d e r ,  i . e . ,  a l -  

t h o u g h  t h e  b e t w e e n  g r o u p s  SD of t o t a l  IM b o n e s  i s  h i g h -  

ly  s i g n i f i c a n t ,  i t  i s  n e g l i g i b l y  s m a l l  ( 1 . 3 )  a n d  p r a c t i c a l l y  

u s e l e s s  in  a b r e e d i n g  s c h e m e  a i m e d  a t  r e d u c i n g  t h e  n u m -  

b e r  of  IM b o n e s .  

C o r r e l a t i o n  b e t w e e n  t h e  r e s u l t s  of  i 971  a n d  1972 ~ a n d  

b e t w e e n  c r o s s b r e d s  a n d  t h e i r  p a r e n t s  m e a n s .  D i f f e r e n -  

c e s  b e t w e e n  m e a n s  of  g e n e t i c  g r o u p s  ( l i n e s ,  s t r a i n s ,  

f a m i l i e s ,  e t c .  ) m a y  s e r v e  f o r  e s t i m a t i n g  g e n e t i c  v a r i a n c e  

p r o v i d e d  t h a t  t h e  c o n t r i b u t i o n  of  t h e  i ' c o m m o n  e n v i r o n -  

m e n t "  c o m p o n e n t  to  t h e  i n t r a - c l a s s  c o r r e l a t i o n  ( i . e . ,  to  

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

O u r  d a t a  c o n t a i n  two l i n e s  of  e v i d e n c e  tO t h i s  e f f e c t :  

( a )  t h e  c o r r e l a t i o n  b e t w e e n  p e r f o r m a n c e  of  t h e  s a m e  

g r o u p s  in t h e  two y e a r s  1971 a n d  1972,  a n d  ( b )  t h e  

c o r r e l a t i o n  b e t w e e n  c r o s s b r e d s  a n d  t h e i r  p a r e n t s .  In 

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

r i a t i o n .  Two of  t h e  f o u r  p r i m a r y  c h a r a c t e r s  m e a s u r e d  

in  i 9 7 i  a n d  i 972  s h o w e d  a h i g h  b e t w e e n ~ y e a r s  c o r r e ! a -  

t i o n .  T h e s e  w e r e  : ( i )  n u m b e r  of  v e r t e b r a e ,  w i th  a c o r -  
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r e l a t i o n  c o e f f i c i e n t  of O. 8 ; and  ( i i )  d o r s a l  IM b o n e s  wi th  

an e x t r e m e l y  h igh  c o r r e l a t i o n  of  0 . 9 8 .  F o r  t he  r e -  

m a i n i n g  two c h a r a c t e r s  - v e n t r a l  IM b o n e s  and  index  of 

b o n e  d i s o r d e r s  - t he  c o r r e l a t i o n s  w e r e  c l o s e  to  n i l .  The 

z e r o  c o r r e l a t i o n  of v e n t r a l  IM b o n e s  r e d u c e d  the  i n t e r -  

y e a r s  c o r r e l a t i o n  of  to ta l  IM ( d o r s a l  p lus  v e n t r a l )  b o n e s  

to 0 . 7 4 .  

The c o r r e l a t i o n  c o e f f i c i e n t s  of c r o s s b r e d s  wi th  t h e i r  

p a r e n t s  m e a n s  f o r  t h e  1972 r e s u l t s  w e r e  al l  p o s i t i v e ,  

r a n g i n g  b e t w e e n  O. 15 f o r  t h e  i ndex  of b o n e  d i s o r d e r s  to 

o v e r  0 . 5  f o r  v e r t e b r a e ,  r i b s  and  d o r s a l  IM b o n e s  ( r i g h t -  

h a n d  c o l u m n ,  Table  4 ) .  T h u s ,  t h e  e v i d e n c e  of  t he  two 

c o r r e l a t i o n s  ( b e t w e e n  y e a r s ,  a n d b e t w e e n  c r o s s b r e d s  and 

t h e i r  p a r e n t s )  l e a d s  to t h e  c o n c l u s i o n  tha t  g e n e t i c  d i f f e -  

r e n c e s  c o n s t i t u t e  t h e  m a j o r  s o u r c e  of i n t e r - g r o u p  v a r i a -  

t i o n  in  n u m b e r  of v e r t e b r a e ,  n u m b e r  of d o r s a l  IM b o n e s ,  

and to ta l  IM b o n e s .  

C o r r e l a t i o n s  b e t w e e n  c h a r a c t e r s .  Two k i n d s  of c o r r e l a -  

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

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

t w e e n  g r o u p  m e a n s .  T h e s e  c o r r e l a t i o n s ,  b a s e d  on the  

1972 r e s u l t s  o n l y ,  and  e x c l u d i n g  the  C h i n e s e  Big-Br 
g r o u p ,  a r e  p r e s e n t e d  i n T a b l e  5 .  The w i t h i n - g r o u p  c o r r e -  

l a t i o n s  ( m e a n s  o v e r  al l  t he  g r o u p s )  a r e  l o c a t e d  a b o v e ,  

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

a g o n a l .  

The s o u r c e s  of w i t h i n - ,  and  b e t w e e n - g r o u p s  c o v a r i -  

a t i on  a r e  i d e n t i c a l  to  t h o s e  of t he  w i t h i n - ,  and b e t w e e n -  

g r o u p s  v a r i a n c e s .  Thus ,  t h e  b e t w e e n - g r o u p  c o r r e l a t i o n  

a r e  l a r g e l y  due  to g e n e t i c  c o v a r i a t i o n ,  w h i l e  t he  w i t h i n -  

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

m e n t a l  f a c t o r s .  Table  5 s h o w s  tha t  f o r  m o s t  c h a r a c t e r  

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

than  t h e  w i t h i n : g r o u p  c o r r e l a t i o n .  This  f i t s  t he  c o m m o n  

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

r a t h e r  t h a n  to e n h a n c e ,  i n t e r - c h a r a c t e r  c o r r e l a t i o n s .  

Tab le  5 a l s o  s h o w s  tha t  p r a c t i c a l l y  all  t h e  h i g h  c o r r e l a -  

t ion  v a l u e s  a r e  r e s t r i c t e d  to c h a r a c t e r s  tha t  a r e ,  by d e -  

f i n i t i o n ,  p a r t - w h o l e  p a i r s ,  1 . e ; ,  t o ta l  IM b o n e s  ( w h o l e )  

and  v e n t r a l  IM b o n e s  ( p a r t ) ,  a s  we l l  a s  to c h a r a c t e r s  

tha t  a r e  s t r o n g l y  a s s o c i a t e d  wi th  n u m b e r  of  v e r t e b r a e ,  

i . e . ,  v e r t e b r a e  and r i b s  a r e  h igh ly  c o r r e l a t e d  ( 0 . 7 )  

and so  a r e  v e r t e b r a e  and d o r s a l  IM b o n e s  ( 0 . 8 ) .  C o n -  

s e q u e n t l y ,  r i b s  a r e  a l s o  c o r r e l a t e d  wi th  d o r s a l  IM b o n e s  

( 0 . 6 ) .  

N u m b e r  of  v e r t e b r a e .  The C h i n e s e  B'Lg-BeT.7.y had  s i g n i -  

f i c a n t l y  f e w e r  v e r t e b r a e  than  the  E u r o p e a n  c a r p  and the  

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

e n t .  W i th in  t h e  E u r o p e a n  r a c e ,  t he  i n t e r - g r o u p  ( g e n e t -  

i c )  r a n g e  w a s  l e s s  t han  one  v e r t e b r a e  ( w h e n  m e a n s  o v e r  

t he  two y e a r s  a r e  c o n s i d e r e d ) .  One f i s h  of  t he  Na~iee 
g r o u p  had  the  h i g h e s t  n u m b e r  of  v e r t e b r a e  ( 3 8 ) ,  and one  

Big-Belly had  the  l o w e s t  n u m b e r  ( 30 ) .  The a v e r a g e  d o m i -  

n a n c e  r a t i o ,  o v e r  the  two y e a r s ,  of t h i s  c h a r a c t e r  w a s  

z e r o  (Table  3 ) .  

N u m b e r  of r i b s .  R ibs  w e r e  c o u n t e d  only  on one  s i d e  of 

t he  body  and the  c o u n t e d  n u m b e r  w a s  m u l t i p l i e d  by  t w o .  

H e n c e  the  e x c l u s i v e l y  e v e n  n u m b e r s  ( F i g .  l b ) .  The 

C h i n e s e  Bi.g-BeZZy had  two r i b s  l e s s  t han  t h e  E u r o p e a n ,  

and the  i n t r a - E u r o p e a n  r a n g e  w a s  r a t h e r  s m a l l .  

N u m b e r  of I n t e r m u s c u l a r  b o n e s .  D o r s a l  and  v e n t r a l  IM 

b o n e s  a p p e a r  to b e h a v e  l ike  two d i f f e r e n t  c h a r a c t e r s  

(T ab l e s  2B and 2C, and F i g .  l c  and  l a ) .  The c o e f f i c i e n t  

of v a r i a t i o n  (CV)  of n u m b e r  of v e n t r a l  IM b o n e s  w a s  m o r e  

than  t w i c e  tha t  of d o r s a l  IM b o n e s  ( 7 . 1 % v e r s u s  3.4%, 

Table  2 B ) ,  but i t s  r e l a t i v e  g e n e t i c  ( b e t w e e n - g r o u p s )  v a r i -  

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

t h i s  d i f f e r e n C e  m a y  be  the  h i g h e r  e r r o r  in  coun t ing  v e n -  

t r a l  IM b o n e s .  The s i g n i f i c a n t  d i f f e r e n c e  of a l m o s t  2 .5  

v e n t r a l  IM b o n e s  b e t w e e n  the  m e a n s  of 1971 and 1972 

( 2 7 . 3  -+ 0 . 1  in  1971 and 29 .1  +- 0 . 1  in 1972) m a y b e  p a r -  

t i a l l y  due  to  t he  s a m e  r e a s o n .  The d o r s a l  IM b o n e s ,  on 

the  o t h e r  h a n d ,  s h o w e d  a l m o s t  i d e n t i c a l  m e a n s  in t he  

two y e a r s  ( 6 6 . 2  -+ 0 . 2  in 1971 and 65 .9  + 0 . 1  in 1972, 

Table  2 C ) .  

The c o r r e l a t i o n  b e t w e e n  d o r s a l  IM b o n e s  in t he  two 

y e a r s  w a s  0498,  but p r a c t i c a l l y  z e r o  ( - 0 . 0 1 ) ,  f o r  v e n -  

t r a l  IM b o n e s .  The l a t t e r  low v a l u e  m a y  be  a n o t h e r  r e -  

f l e c t i o n  of the  g r e a t e r  d i f f i cu l ty  in coun t ing  v e n t r a l  IM 

b o n e s ,  but it m a y  a l so  be due  to h i g h e r  s e n s i t i v i t y  of 

t h e s e  b o n e s  to e n v i r o n m e n t a l  v a r i a t i o n .  

Total  n u m b e r  of v e n t r a l  b o n e s .  R ibs  a n d v e n t r a l  IM b o n e s  

w e r e  d e f i n e d  as  v e n t r a l  b o n e s .  S ince  v e n t r a l  IM b o n e s  a r e  

l o c a t e d  only  p o s t e r i o r  to t he  r i b s ,  " c o m p e t i t i o n "  b e t w e e n  

t h e  two t y p e s  of b o n e s  in  t he  b o r d e r  r e g i o n  s h o u l d  c a u s e  

n e g a t i v e  c o r r e l a t i o n  b e t w e e n  the  two t y p e s  of b o n e s .  

H o w e v e r ,  o u r  r e s u l t s  show z e r o  c o r r e l a t i o n  b e t w e e n  t h e  

two (Table  5) ; t h e r e f o r e ,  t he  h y p o t h e s i s  of " c o m p e t i t i o n "  

s h o u l d  be  r e j e c t e d ,  and we m u s t  c o n c l u d e  tha t  t h e  b o r -  

d e r l i n e  b e t w e e n  the  two i s  f i r m l y  d e t e r m i n e d .  

The m e a n  n u m b e r  of v e n t r a l  b o n e s  w a s  6 0 . 3  • O. 1 

(Table  2A) c o m p a r e d  wi th  65 .9  • 0 .1 :  d o r s a l  IM b o n e s .  

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

c o n t a i n i n g  d o r s a l  IM b o n e s  h a v e  n e i t h e r  ~ r i b s  n o r  v e n -  

t r a l  tM b o n e s ,  
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Table  4. The b e t w e e n -  and  w i t h i n - g r o u p s  s t a n d a r d  d e v i a t i o n s ,  i n t r a - c l a s s  c o r r e l a t i o n s  and p a r e n t s - c r o s s b r e d s  
c o r r e l a t i o n s  

Mid-parents- 
SD between Intraclass crossbreds 

SD between individuals correlation correlation 
groups means within groups coefficient coefficient 

(SD b)  (SD w) 

1971 1972 1971 1972 1972 1972 

A) P r e s e n t  R e s u l t s  

V e r t e b r a e  0 . 5 5  0 . 5 5  0 .51  0 . 6 0  0 . 4 4  0 . 5 5  
R i b s  0 . 7 0  1 .12  0 .27  0 .51  
Total  IM b o n e s  1 .28 1.31 2 .78  3 .30  0 .12  0 . 3 9  
D o r s a l  IM b o n e s  1 .06 0 . 8 3  1 .86 2 . 0 2  0 .12  0 .51  
V e n t r a l  IM b o n e s  0 .41  0 . 7 9  1 .85  1 .94  0 .12  0 . 3 5  
Total ventral bones 1.05 2.14 0.17 0.17 
Dorsal fin rays 0.62 1.01 0.25 0.22 
Index of disorders 1.39 0.61 1.81 2.23 0.05 0.15 

B ) Kossmann ' s Results 

Vertebrae 0.32 0.55 0.23 
Total IM bones 4.48 4.90 0.44 
Dorsal IM bones 2.32 2.91 0.32 
Ventral IM bones 2.54 2.94 0.41 

Table  5. B e t w e e n -  and w i t h i n - g r o u p s  c o r r e l a t i o n  c o e f f i c i e n t s  of t he  s t u d i e d  c h a r a c t e r s  (on ly  1972 r e s u l t s .  The 
wi th in  and  b e t w e e n  c o r r e l a t i o n s  a r e  l o c a t e d ,  r e s p e c t i v e l y ,  above  and be low the  m a i n  d i agona l )  

Vertebrae Ribs 

Total D o r s a l  V e n t r a l  Total D o r s a l  Index of 
IM IM IM v e n t r a l  f in b o n e  
b o n e s  b o n e s  b o n e s  b o n e s  r a y s  d i s o r d e r s  

V e r t e b r a e  
R i b s  0 . 7  
Total  IM b o n e s  0 . 4  
D o r s a l  IM b o n e s  0 . 8  
V e n t r a l  IM b o n e s  0 . 4  
Total  v e n t r a l  b o n e s  0 . 4  
D o r s a l  f in  r a y s  - 0 . 4  
Index  of d i s o r d e r s  0 .1  

0 . 4  0 . 3  0 . 2  0 . 0  0 . 4  - 0 . 1  - 0 . 1  
0 .1  0 . 2  0 . 0  0 . 4  0 . 0  0 . 0  

0 . 3  0 .8  0 . 8  0 . 7  0 .1  - 0 . 2  
0.6 0.8 0.2 0.3 0.0 -0. I 
0 . 0  0 . 9  0 . 5  0 . 9  0 . 1  - 0 . 2  
0 . 5  0 . 5  0 .7  0 . 8  0 . 0  - 0 . 2  

- 0 . 1  - 0 . 1  0 . 3  - 0 . 2  - 0 . 3  - 0 . 1  
0.4 -0.5 -0.2 -0.5 -0.4 0.3 

Dorsal fin rays. Dorsal fin rays were countedbecausewe 

thought that they might be correlated with IM bones. 

Table 5 shows that this was not the case. The range of 

variation of dorsal fin rays was very small, the Chinese 

Big'Belly b e i n g  at t he  l o w e r  end  of t he  r a n g e  wi th  a l m o s t  

two r a y s  l e s s  t han  t h e  E u r o p e a n  m e a n .  

Skeletal disorders. Inspection of the x-ray photographs 

revealed a high incidence of bone disorders of varying 

types and severity. The most common disorder was curl- 

ing of ribs and IM bones. Less frequent were misshaped, 

misplaced, undersized, or fused vertebrae. In the latter 

case, the number of neural spines emerging from the mass 

of fused vertebrae was used to determine the number of 

vertebrae. The most severe disorder which affected two 

of the studied fish was twisted spinal columns (hunch- 

backs). The skeletal disorders were quantified by the 

following index : 

zero : normal (no disorders). 

1 to 4: increasing degrees of disorders not including 

vertebrae fusion or twisted spinal column. 

5 : vertebrae fusion. 

6 to 9: vertebrae fusion plus disorders of category 

Ito4. 

I0: twisted vertebral column. 

Within the context of the present study skeletal disorders 

are of interest for two reasons: (i) possible correlations 

with IM bones; (ii) correlation with degree of inbreeding. 

The index of disorders was considerably higher in 

1971 (mean = 2.2) than in 1972 (mean = 1.6). This discre- 

pancy might be a result of environmental differences 

during embryonic development in the two years, or to 



R o m  M o a v  e t  a l .  : V a r i a b i l i t y  of I n t e r m u s c u l a r  B o n e s  in  t h e  C o m m o n  C a r p  

T a b l e  6.  O r g a n i z a t i o n  of t h e  r i b s  a n d  i n t e r m u s c u l a r  b o n e s  a l o n g  t h e  v e r t e b r a l  c o l u m n  (1972  r e s u l t s )  

41 

D o r s a l  I n t e r M  b o n e s  V e n t r a l  ( r i b s  o r  I n t e r M )  b o n e s  

With With ribs 
Group of Total With ventral or ventral 
fish no. With Without ribs InterM Int erM W i t h o u t  

Big-Belly  ( B B )  3 3 . 6  3 1 . 9  1 .7  1 4 . 5  1 4 . 8  2 9 . 3  4 . 3  
V o  

Nasvce ( N a s )  3 5 . 3  3 3 . 3  2 , 0  1 5 . 1  1 5 . 2  2 0 . 3  5 . 0  
N a s  •  3 5 . 3  3 3 . 6  1 . 7  1 5 . 7  1 5 . 6  3 1 . 3  4 . 0  
N a s  •  3 5 . 5  3 3 . 2  2 . 3  1 5 . 7  14 .7  3 0 . 4  5 .1  
N a s  •  3 4 . 4  3 2 . 7  1 . 7  1 5 . 0  14 .8  2 9 . 8  4 .6  
N a s  • H o l - B  3 5 . 2  3 3 . 1  2 . 1  1 5 . 7  1 4 . 5  3 0 . 2  5 . 0  

Gold 3 5 . 1  3 2 . 9  2 . 2  1 5 . 4  1 5 . 0  3 0 . 4  4 . 7  

Doz--70 ( D o r )  3 4 . 7  3 2 . 9  1 .8  1 5 . 2  14 .8  3 0 . 0  4 . 7  
D o r  X B l u e  3 4 . 6  3 2 . 9  1 . 7  1 5 . 3  1 4 . 6  2 9 . 9  4 . 7  

Blue-Grey ( B l u e )  3 4 . 7  3 3 . 0  1 . 7  1 5 . 1  1 5 . 2  3 0 . 3  4 . 4  
B l u e  • H o l - B  3 5 . 5  3 3 . 4  2 . 1  1 5 . 6  1 5 . 3  3 0 . 9  4 . 6  

Holland-B (HoI-B) 3 5 . 5  3 3 . 1  2.4 1 5 . 5  1 4 . 2  29.7 5 .8  
H o l - B  •  3 5 . 2  3 3 . 1  2 . 1  1 5 . 4  1 4 . 4  2 9 . 8  5 . 4  

M e a n  ( W i t h o u t  B B )  3 5 . 1  3 3 . 3  2 . 0  1 5 . 4  1 4 . 9  3 0 . 3  4 .8  

d i f f e r e n c e s  in  t h e  i n t e n s i t y  of n a t u r a l  s e l e c t i o n  and  m o r t -  

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

b r e d  w i t h  p a r e n t s  c o r r e l a t i o n s  of t h i s  c h a r a c t e r  d o e s  not  

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

g e n e t i c  f a c t o r s .  The  h y p o t h e s i s  t h a t  l i gh t  and  s e v e r e  d i s -  

o r d e r s  w e r e  d e t e r m i n e d  by  i n d e p e n d e n t  g e n e t i c  o r  e n v i -  

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

f o l l o w i n g  f o u r  c l a s s e s :  ( a )  no d i s o r d e r s  of e i t h e r  k ind  

( i n d e x  0)  ; (b )  on ly  l i gh t  d i s o r d e r s  ( i n d e x  1 to 4)  ; 

( c )  o n l y  s e v e r e  d i s o r d e r s  ( i n d e x  5) ; ( d )  b o t h  l igh t  a n d  

s e v e r e  d i s o r d e r s  ( i n d e x  6 to  9) ; two f i s h  h a d  i n d e x  10 

a n d  t h e y  w e r e  not  i n c l u d e d  in  t h e  t e s t .  

• for independence of the two kinds of disor- 

der were performed on the 1972 results (Table 2D). Of 

the 13 groups, three had a significant (at the 1~ level) 

excess of fish with the two kinds of disorder. One group 

(Nas • Hol-B) h a d  a s i g n i f i c a n t  ( a t  t he  5% l e v e l )  e x c e s s  

of t h e  z e r o  c l a s s ,  a n d  t h e  t o t a l  of  a l l  t h e  g r o u p s  a l s o  h a d  

a s m a l l  bu t  h i g h l y  s i g n i f i c a n t  e x c e s s  of t h e  c l a s s  w i th  t h e  

two d i s o r d e r s  (69  i n s t e a d  of  t h e  e x p e c t e d  5 4 ) .  T h e s e  X 2 

t e s t s  s u g g e s t  t h a t  t h e  two k i n d s  of d i s o r d e r  a r e  o n l y p a r t i -  

a l l y  c o r r e l a t e d ,  a n d  a r e  p a r t i a l l y  d e t e r m i n e d  b y  i n d e -  

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

two a r e  c a u s e d  b y  t he  s a m e  f a c t o r s ,  bu t  h i g h e r  m o r t a l -  

i ty  of  i n d i v i d u a l s  w i th  t h e  two k i n d s  of  d i s o r d e r  c r e a t e d  

t h e  i m p r e s s i o n  of  p a r t i a l  i n d e p e n d e n c e .  

I n b r e e d i n g  d id  not  a p p e a r  to  i n c r e a s e  t h e  r a t e  a n d  

s e v e r i t y  of b o n e  d i s o r d e r s  ( T a b l e  3 ) .  F o u r  c r o s s b r e d s  

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

m o r e  d i s o r d e r s  t h a n  t h e i r  p a r e n t s ,  and  t h e  a v e r a g e  d o m i n -  

a n c e  r a t i o  w a s  c l o s e  to z e r o  ( T a b l e  3 ) .  

The relationshil~ of intermuscular bones and 

ribs to vertebrae. Both ribs and IM bones are arranged 

in pairs, each dorsal and ventral pair being associated 

with a vertebral segment (Kandler, 197 I). The number 

of vertebrae associatedwith ribs, dorsal, and ventral IM 

bones was determined by dividing these auxiliary bones 

by two, and inspection of the x-ray photographs helped 

to determine their arrangement according to vertebrae. 

Approximately two vertebrae have neither ribs nor IM 

bones ( group means, Table 6, fourth row from left ). One 

of these is locatednext tothe head andthe second may be 

the last tail vertebrae. Approximately 33 vertebrae have 

dorsal IM bones (31.9 in the Big-Belly to 33.6 in NaB 

X Gold). Of these, 15 also have ribs and 15 have ventral 

IM bones. Thus, about 30 vertebrae have dorsal IM bones 

and ventral bones ( ribs or ventral IM bones). This leaves 

around 3 vertebrae with dorsal, but without ventral bones. 

One of these is the second from the head, and the remai- 

ning two are either at the end of the tail, or in midbody 

between the ribs and the ventral IM bones. 

Table 6 helped to determine that the vertebra missing 

in the Chinese Big-Belly belongs to the group of vertebrae 

having both dorsal IM bones and ribs. 

Discussion 

The present study shewed a low genetic, as well as pheno- 

typic, range of IM bones. On these results~ the chances 

of reducing the number of IM bones by means of a con- 

ventional selection program are nil. The wide genetic 

basis coveredby the experiment strengthens this conclu- 

sion, since it reduces the likelihood of broadening the 
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Table  7 .  A s u m m a r y  of K o s s m a n n ' s  r e s u l t s  

V e r t e b r a e  Dorsal Inter-M bones V e n t r a l  I n t e r - M  b o n e s  Total I n t e r - M  b o n e s  

Group of No. of R M-30 SE CV R M-60 SE: CV R M-22 SE CV R M-85 SE CV 
f i s h  f i s h  ~ ~ ~ 

9013 18 2 3 .1  0 .1  1 . 4  9 6 . 9  0 . 4  2 .8  8 6 . 9  0 . 6  8 . 2  13 10.7  0 . 8  3 .5  
9012 15 1 3 . 9  0 . 1  1 .0  5 7 . 2  0 . 3  1 .9  7 7 . 5  0 . 6  8 . 0  11 11.7  0 . 7  3 .1  
9010 15 3 2 . 9  0 . 2  2~ 16 1.1 1 .3  7 . 9  16 4 .1  1 ,2  17.6  31 2 .5  2 . 8  10 .5  
9009 37 2 3 .2  0 .1  1 .9  14 2 .2  0 . 5  5 .3  11 1 .5  0 . 4  11 .0  19 0 . 7  0 . 8  5 .7  
9006 21 1 3 .5  0 . 1  1 .5  7 6~ 0 . 5  3 .3  7 3 .7  0 . 3  6 .3  10 7 .1  0 . 6  3~ 
0059 26 2 3 .6  0 .1  1 .9  15 3 .2  0 . 7  5 .9  10 1 .2  0 . 6  12 .5  21 1 .2  1.1 6 . 4  
0040 14 1 3 . 4  0 .1  1 .5  9 2 . 9  0 . 7  3 . 9  12 0 .8  1 .0  16.2  15 0~ 1 .4  6 . 0  
0034 11 1 3 .6  0 .1  1 .5  10 4 .4  1 .1  5 .7  12 4.7 1 .0  12~ 17 6 .1  1 . 4  6 . 0  

Mean  
( t o t a l )  157 4 3 .5  0 .1  2 . 0  20 4 .1  0 . 3  5 .8  20 3 .3  0 . 3  14 .6  36 4 . 4  0 . 5  7 . 3  

P r e s e n t  r e s u l t s  

Mean  1971 162 3 4 . 9  0 . 1  2 .2  10 6 . 2  0 . 2  3 .1  14 5 .3  0 .1  7 . 0  20 8 . 5  0 . 3  3 . 4  
Mean  1972 852 8 4 .9  0 . 0  2 . 5  20 5 .9  0 .1  3 . 4  16 7 .7  0 .1  7 .1  29 10.6  0 .1  3 .5  

r a n g e  wi th  new c a r p  s t o c k s .  H o w e v e r ,  K o s s m a n n  ' s ( 1972 ) 

r e s u l t s ,  s u m m a r i z e d  in Tab le  7 and in t he  l a s t  p a r t  of  

Tab le  4 ,  s h o w  an a v e r a g e  w i t h i n - g r o u p  SD of  to ta l  IM 

b o n e s  1.5 t i m e s  h i g h e r  t han  tha t  of t h e  p r e s e n t  c o u n t s  

( 4 . 9  v e r s u s  3 . 3 ) ,  and  i n t e r - g r o u p  SD o v e r  3 .3  t i m e s  

h i g h e r  t h a n  the  p r e s e n t  c o u n t s  ( 4 . 4 8  v e r s u s  1 . 3 1 ) .  This  

l a s t  d i f f e r e n c e  in wha t  we  a s s u m e  to  be  g e n e t i c  v a r i a -  

b i l i t y  i s  t h e  m o s t  s t r i k i n g  d i f f e r e n c e  b e t w e e n  the  two 

s t u d i e s .  K o s s m a n n ' s  r e s u l t s  j u s t i fy  s e l e c t i o n  f o r  r e -  

duc ing  IM b o n e s  in  c a r p ,  w h e r e a s  t he  p r e s e n t  r e s u l t s  

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

d i c t i o n  b e t w e e n  the  r e s u l t s  of  t he  two e x p e r i m e n t s  r e -  

q u i r e s  an e x p l a n a t i o n .  D i f f e r e n c e s  in c o m p e t e n c e  l e v e l ,  

in m e t h o d s  and  t e c h n i q u e s ,  canno t  a ccoun t  f o r  t he  d i f -  

f e r e n t  r e s u l t s  b e c a u s e ,  wi th  t h e  e x c e p t i o n  of the  v a r i -  

a n c e  m a g n i t u d e s ,  t he  two s e t s  of  r e s u l t s  a r e  v e r y  s i m i -  

l a r  and bo th  a p p e a r  to  h a v e  s t r o n g  i n t e r n a l  c o n s i s t e n -  

c i e s .  The e igh t  g r o u p s  t e s t e d  by K o s s m a n n  w e r e  f u l l -  

s i b  o f f s p r i n g s  of s i n g l e - p a i r  m a t i n g s ,  a l l  o r i g i n a t i n g  

f r o m  what  a p p e a r s  to be  a s i n g l e  b r e e d  of c a r p .  On the  

o t h e r  h a n d ,  a l l  t h e  g r o u p s  of  t he  p r e s e n t  e x p e r i m e n t  w e r e  

r e p r o d u c e d  by  m a s s - s p a w n s  (Table  1 ) ,  and  t h e y  c o n s i s t -  

ed  of s e p a r a t e  l i n e s  ( b r e e d s  o r  r a c e s )  and  t h e i r  c r o s s -  

b r e d s .  T h e r e f o r e ,  a w i d e r  t o t a l  r a n g e  of  v a r i a t i o n  and  

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

s e n t  e x p e r i m e n t  c o m p a r e d  wi th  K o s s m a n n '  s .  

W e  m a y  c o n s i d e r  t h e  h y p o t h e s i s  tha t  K o s s m a n n '  s p o -  

p u l a t i o n  s e g r e g a t e d  in  one  o r  two loc i  wi th  a r e l a t i v e l y  

s t r o n g  e f f e c t  on IM b o n e s ,  so  tha t  h i s  g e n e t i c  d i f f e r e n -  

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

This  h y p o t h e s i s  h a s  s o m e  s u p p o r t  in  K a n d l e r '  s ( 1971) 

f i nd ing  of on ly  80 IM b o n e s  in f o u r  H o l s t e i n  d o m e s t i c a t -  

ed  c a r p ,  and a r o u n d  100 IM b o n e s  in o t h e r  G e r m a n  c a r p .  

If K o s s m a n n ' s  c a r p  popu la t i on  o r i g i n a t e d  f r o m  a c r o s s  

b e t w e e n  a H o l s t e i n - l i k e  l ine  and a n o t h e r  l i ne  wi th  a h igh 

n u m b e r  of IM b o n e s ,  K o s s m a n n '  s o b s e r v e d  s e g r e g a t i o n  

c o u l d  be  the  r e s u l t .  O t h e r w i s e ,  it  i s  d i f f i cu l t  to c o n c e i v e  

of s u c h  a w ide  s e g r e g a t i o n  a m o n g  t h e  o f f s p r i n g  of 

K o s s m a n n ' s  16 p a r e n t s  when  it w a s  c o m p l e t e l y  a b s e n t  

a m o n g  t h e  o f f s p r i n g  of t he  h u n d r e d s  of p a r e n t s  of  t he  p r e -  

s e n t  e x p e r i m e n t .  The above  h y p o t h e s i s  a l s o  r e q u i r e s  tha t  

s o m e  of K o s s m a n n ' s  p r o g e n i e s  h a v e  c l e a r  b i - m o d a l  d i s -  

t r i b u t i o n  and o t h e r s  v e r y  s m a l l  v a r i a n c e .  This  d o e s  not  

a p p e a r  to be  the  c a s e  (Table  7 ) .  

A n o t h e r  h y p o t h e s i s  i s  tha t  IM b o n e s  h a v e  g e n e t i c  s e n -  

s i t i v i t y  to s o m e  e n v i r o n m e n t a l  f a c t o r s .  In o t h e r  w o r d s ,  

w ide  g e n o t y p e - e n v i r o n m e n t  i n t e r a c t i o n s  m a y  c a u s e  an 

i n c r e a s e  in the  g e n e t i c  v a r i a n c e  in s o m e  e n v i r o n m e n t s  

but  not  in o t h e r s .  This  h y p o t h e s i s  i s  b a s e d  on the  fac t  

tha t  d i f f e r e n t  s e t s  of e n v i r o n m e n t s  i m p o s e  d i f f e r e n t  

l i m i t i n g  f a c t o r s ,  so  tha t  one  e n v i r o n m e n t  m a y  r e v e a l  

g e n e t i c  v a r i a t i o n  wh ich  r e m a i n s  h i d d e n  in a n o t h e r .  F o r  

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

f o r  IM bone  d e v e l o p m e n t  m i g h t  i n f l u e n c e  t h e  v a r i a n c e  of 

IM b o n e s .  The d e g r e e  of s c a l i n e s s  ( p r o p o r t i o n  o f  body  

c o v e r e d  wi th  s c a l e s )  of m i r r o r  c a r p  h a s ,  a s  a r u l e ,  a 

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

d r a s t i c a l l y  due  to unknown e n v i r o n m e n t a l  r e a s o n s  (unpu-  

b l i s h e d  r e s u l t s ) .  It i s  p o s s i b l e  tha t  IM b o n e s  b e h a v e  in 

a s i m i l a r  w a y .  The l a s t  h y p o t h e s i s  m a y  be  t e s t e d  by  

h a t c h i n g  r a n d o m  s a m p l e s  of  t he  s a m e  s p a w n  u n d e r  v a r y -  

ing c o n t r o l l e d  c o n d i t i o n s .  E x p e r i m e n t s  a long  t h i s  l i ne  

cou ld  be  a f i r s t  s t e p  in f u r t h e r  a t t e m p t s  to i n v e s t i g a t e  

t he  g e n e t i c  v a r i a t i o n  in  IM b o n e s .  
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v .  S e n g b u s c h  ( 1 9 6 7 )  s u g g e s t e d  i n s p e c t i o n  on  a t e l e v i -  

s i o n  s c r e e n  of t e n s  of  t h o u s e n d s  of  l i v e  f i s h  in  o r d e r  t o  

p i c k  up v e r y  r a r e  " b o n e l e s s "  m u t a n t s .  Th i s  m e t h o d  r e -  

q u i r e s  e x p e n s i v e  i n s t r u m e n t s ,  a n d  t h e  p r o b a b i l i t y  of 

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

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

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

c o r r e c t ) .  

A n o t h e r  a p p r o a c h  c o u l d  b e  to i n d u c e  g e n e t i c  v a r i a -  

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

requires preliminary research to establish mutagenic 

procedures that are effective in inducing point mutations 

in carp. In either case, the search for carp with a re- 

duced number of IM bones should be carried out on pop- 

ulations having a wide genetic basis and parents that 

underwent at least one generation of inbreeding (brother- 

sister mating) to increase to proportional expression of 

rare recessive mutants. 

The apparent negligible variation in IM bones in wild 

as well as domesticated carp suggests that this charac- 

ter is strongly correlated with reproductive fitness, that 

the optimal number is between 90 to 100 IM bones, and 

that attempts to reduce the number drastically would be 

counteracted by the opposing force of natural selection. 
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