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o r i g i n a l l y  s u b t e l o c e n t r i c s  p a i r  no .  1. A l t h o u g h  f a t e  of  t h e  
d e l e t e d  p iece  of  t h e  s h o r t  a r m  is s t i l l  u n c e r t a i n ,  i t  m i g h t  
h a v e  b e e n  e l i m i n a t e d  f r o m  t h e  c h r o m o s o m e  c o m p l e m e n t .  
A n o t h e r  e x p l a n a t i o n  of  t h e  f a t e  of  t h e  a r m ,  h o w e v e r ,  is 
t h a t  t h e  d e l e t e d  a r m  t r a n s l o c a t e d  to  t h e  p a i r  no ,  3, a n d  
t h e n  t h e  s u b t e l o c e n t r i c  no .  3 c h r o m o s o m e  d e v e l o p e d .  To  
d e t e r m i n e  w h e t h e r  t h e  s u b t e l o c e n t r i c  no .  3 h a s  o c c u r r e d  

b y  p e r i c e n t r i c  i n v e r s i o n  o r  b y  t r a n s l o c a t i o n  is d i f f i cu l t  
a t  p r e s e n t .  B a s e d  on  t h e  m e a s u r e m e n t  of  l e n g t h  of  
c h r o m o s o m e s  a n d  t h e  G - b a n d  ana lys i s ,  t h e  f o r m e r  e v e n t  
s e e m s  to  be  m o r e  l ike ly  t h a n  t h e  l a t t e r .  
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Summary. H e r i t a b i l i t y  is we l l  k n o w n  to  be  a p o o r  i n d i c a t o r  o f  g e n e t i c a l  v a r i a t i o n  in  f i tness .  W e  s h o w  h e r e  t h a t  i t  is 
a lso  a n  i n a d e q u a t e  m e a s u r e  of  g e n e t i c a l  v a r i a t i o n  in  f e c u n d i t y .  

E w e n s  a n d  T h o m s o n  3 h a v e  r e c e n t l y  s h o w n ,  for  a g e n e r a l  
m u l t i l o c u s  s y s t e m ,  t h a t  t h e  a d d i t i v e  g e n e t i c  v a r i a n c e  in  
f i t n e s s  is zero  a t  e q u i l i b r i u m .  T h e y  p o i n t  Out t h a t  t h i s  
imp l i e s  ( f rom t h e  d e f i n i t i o n  of  h e r i t a b i l i t y )  t h a t  t h e  
h e r i t a b i l i t y  of  f i t n e s s  in  s u c h  a s y s t e m  wil l  a lso be  zero.  
H a l d a n e  * s h o w e d ,  fo r  a s ing le  a u t o s o m a l  locus,  t h a t  
p a r e n t - o f f s p r i n g  c o r r e l a t i o n  in  f i t nes s  (and  h e n c e  i t s  
h e r i t a b i l i t y )  w o u l d  b e  zero,  b u t  n o t  t h e  s ib c o r r e l a t i o n .  
H e  e m p h a s i z e d  t h e  s t r o n g  c o n t r a s t  b e t w e e n  D a r w i n i a n  
f i t ne s s  a n d  o t h e r  m e t r i c  t r a i t s ,  w h e r e  d e t e c t a b l e  a d d i t i v e  
g e n e t i c a l  v a r i a t i o n  l eads  t o  n o n z e r o  h e r i t a b i l i t y  e s t i m a t e s .  
S e x - l i n k a g e  is a c o m p l i c a t i o n  5, a n d  s y s t e m s  n o t  in  equ i -  
l i b r i u m  wil l  d e p a r t  s o m e w h a t  f r o m  zero h e r i t a b i l i t i e s  in  
f i tness ,  b u t  n o n e t h e l e s s  H a l d a n e ' s  r e su l t s  h a v e  c o n s i d e r -  
ab l e  e v o l u t i o n a r y  i n t e r e s t .  W e  r e p o r t  h e r e  r e s u l t s  of  a 
s i m u l a t i o n  s t u d y  of  t h e  h e r i t a b i l i t y  of  f e c u n d i t y ,  s h o w i n g  
t h a t  t h i s  is a t r a i t  w h e r e  g e n e t i c a l  v a r i a b i l i t y  in  f e c u n d i t y  
m a y  b e  m a s k e d  b y  t h e  f o r m  of  t h e  d i s t r i b u t i o n  of  fe- 
c u n d i t y .  
F o l l o w i n g  Gi l lespie  ~, we  c a n  c o n s i d e r  t h e  fo l lowing  m o d e l ,  
fo r  v a r i a t i o n  in  f e c u n d i t y  d e t e r m i n e d  b y  a s ing le  locus :  

Genotype A1A 1 A1A ~ A2A 2 
Mean 1 ~- ~L 1 1 ~-~i 1 -J- ~L 3 
Variance l+a~ l  l+ag~ l+a~3 

I n  gene ra l ,  s e l e c t i o n  c a n  a c t  on  b o t h  m e a n  a n d  v a r i a n c e  ~, 
a n d  s t a b i l i t y  is u n l i k e l y  fo r  l a rge  v a l u e s  of  a s in  l a rge  
p o p u l a t i o n s  6, L I n  s m a l l  p o p u l a t i o n s ,  f i x a t i o n  is g e n e r a l l y  

m o r e  r a p i d  t h a n  w i t h  n e u t r a l  a l le les  s t a r t i n g  a t  t h e  s a m e  
f r e q u e n c y  w i t h  t h e  s a m e  v a r i a n c e  e f f ec t i ve  p o p u l a t i o n  
n u m b e r .  
T h a t  g e n e t i c a l  v a r i a b i l i t y  in  f e c u n d i t y  is d e t e r m i n e d  b y  
a s ing le  locus  is m o s t  un l ike ly .  W e  h a v e  a c c o r d i n g l y  con-  
s i d e r e d  b y  s i m u l a t i o n  a 10 locus  e l a b o r a t i o n  of  Gi l l esp ie ' s  
m o d e l ,  s u c h  t h a t  for  e a c h  locus ,  ~z I = (j- l)  %, j = 1, 2, 3, 
a S = (j-l)  cog, j = 1, 2, 3. V a r y i n g  t h e  v a l u e s  of  ev a n d  ea 9 
a l lows  t h e  d i s t r i b u t i o n  to  v a r y  f r o m  u n d e r - d i s p e r s e d  to  
o v e r - d i s p e r s e d ,  in  t h i s  case  f r o m  b i n o m i a l  t h r o u g h  P o i s s o n  
to  n e g a t i v e  b i n o m i a l ,  t h e s e  b e i n g  a p p r o p r i a t e  to  f e c u n d i t y  
in  v a r i o u s  o r g a n i s m s  S, 3. I f  t h e  f r e q u e n c i e s  of  t h e  3 geno-  
t y p e s  a t  t h e  i th locus  a r e  Pl j ,  j = 1, 2, 3, t h e n  p o p u l a -  
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The relationship between the form of the distribution of family size and estimated heritability of family size 

Initial Initial I 
Distribution ~/, ea ~ Mean Variance Variance/(mean) 2 h 9 T Ne n 

Negative 0.1 0.2 2 3 0.75 0.00 4- 0.02 319.0 -4- 45.2 80.0 6 
binomial 0.2 0.4 3 5 0.56 0.09 4- 0.05 195.8 4- 13.9 96.3 5 

0.5 1.0 6 11 0.31 0.36 i 0.07 141.3 4- 21.4 124.7 6 
1.0 2.0 11 21 0.17 0.33 4- 0.10 93.0 4- 10.6 220.9 5 

Poisson 0.01 0.01 1.1 1.1 0.91 0.00 4- 0.03 615.7 4- 80.1 55.0 3 
0.05 0.05 1.5 1.5 0.67 0.09 4- 0.08 253.2 4- 25.3 66.1 4 
0.1 0.1 2 2 0.5 0.03 -t- 0.01 325.0 -t- 51.6 95,7 4 
1.0 1.0 11 11 0.09 0.60 4- 0.15 67.0 4- 10.8 289.5 4 

Binomial 0.1 0.08 2 1.8 0.45 0.30 4- 0.16 68.2 4- 9.9 73.8 4 
0.2 0.1 3 2 0.22 0.00 4- 0.06 163.0 • 18.0 180.0 4 
0.5 0.1 6 2 0.02 0.20 4- 0.06 286.2 4- 51.7 391.3 5 
1.0 0.1 11 2 0.02 0.00 4- 0.06 324.2 -t- 42.3 930.8 5 

For explanation of symbols see text. n, Number of replicates. 
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t i on  m e a n  a n d  va r i ance  in f e c u n d i t y  are g iven  b y  
1 + 27 Pl~(j-1) e~ a n d  1 + 2: P i j ( j - 1 ) e ,  ~ respect ive ly .  A n  
i n d i v i d u a l  female ' s  of fspr ing  n u m b e r  would  be  r a n d o m l y  
s amp led  f rom t h e  a p p r o p r i a t e  d i s t r i b u t i o n  h a v i n g  m e a n  
1 + nA,e~ a n d  va r i ance  1 + nA2ea 2, where  nA2 is t h e  t o t a l  
n u m b e r  of A s alleles a t  all  10 loci. (For  each  ma t ing ,  
m a t e r n a l  g e n o t y p e  d e t e r m i n e d  of fspr ing  n u m b e r ,  i.e. 
l i t t e r  size.) 
A p r o g r a m  to  s imu la t e  a p o p u l a t i o n  of size N = 100 was 
r u n  w i t h  Pi l  = 0.25, Pi3 = 0.25 in i t i a l ly  and  h e r i t a b i l i t y  
of f e c u n d i t y  was e s t i m a t e d  over  e i t he r  50 gene ra t ions  or 
u n t i l  f ixa t ion ,  w h i c h e v e r  occur red  first .  T he  t ab l e  shows 
r e p r e s e n t a t i v e  values .  I t  inc ludes  Crow's  I~ i n d e x  of 
o p p o r t u n i t y  for  selection,  I, a n d  Nei  a n d  M u r a t a ' s  n 
e s t i m a t o r  of effect ive  p o p u l a t i o n  n u m b e r ,  Ne = 
N/ (1 /mean  + I (1 + 3 h2)). W e  h a v e  also shown  t he  t i m e  in 
genera t ions ,  T, for all  10 loci to  be  f ixed,  t he  va lues  for 
these  va r i ab l e s  g iv ing  a n  i n d i c a t i o n  of t h e  effects of t h e  
d i s t r i b u t i o n  of f e c u n d i t y  on  ce r t a i n  aspec ts  of evolu t io -  
n a r y  change .  
The  cr i t ica l  resul ts ,  however ,  are  t h e  her i t ab i l i t i es ,  esti-  
m a t e d  b y  d a u g h t e r - d a m  regress ion  ( f ecund i ty  be ing  de-  
t e r m i n e d  b y  m a t e r n a l  geno type) .  F o r  low va lues  of e~, 

w h a t e v e r  t h e  d i s t r ibu t ion ,  h 2 does n o t  differ  s ign i f i can t ly  
f rom zero, even  t h o u g h  t he  p o p u l a t i o n  is unde rgo ing  
r ap id  gene t i ca l  change  t o w a r d s  t h e  e l i m i n a t i o n  of al l  
gene t i ca l  va r i ab i l i t y .  ( In  all  cases s h o w n  excep t  t h a t  w i t h  
% = 0.1, ~a 2 = 0.08, se lec t ion ac ted  to  increase  m e a n  
f e c u n d i t y ;  th i s  will be  r epo r t ed  in de ta i l  elsewhere1*.) 
I t  appears ,  f rom t h e  resu l t s  s h o w n  a n d  o the r s  1~, t h a t  
h e r i t a b i l i t y  increases  as t h e  va r i ance  increases  re la t ive  to  
t he  mean .  The  a p p a r e n t  o p p o r t u n i t y  for  se lec t ion indi -  
c a t ed  b y  I and  t he  a p p a r e n t  h e r i t a b i l i t y  i n d i c a t e d  b y  h 2 
b o t h  give l i t t le  aid in  p red i c t i ng  t i m e  to f i xa t i on  for genes  
a f fec t ing  b o t h  m e a n  a n d  va r i ance  of f ami ly  size. I t  seems 
possible  t h a t  t he  success of a r t i f i ca l  se lec t ion  for  fe- 
cund i ty ,  desp i te  i ts  low h e r i t a b i l i t y  ~3, m a y  ref lect  t h e  
effects  d i sp layed  here  of genes  ac t ing  u p o n  t h e  d ispers ion  
of f e c u n d i t y  as well  as i t s  locat ion.  
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Summary. The  k a r y o t y p e s  of 6 mice  f rom d i f fe ren t  places  in  Sicily h a v e  been  d e t e r m i n e d .  3 of t h e m  h a d  a b n o r m a l  
c h r o m o s o m e  n u m b e r s  of 2n = 26, 2n = 27 a n d  2n ---- 29, caused  b y  R o b e r t s o n i a n  t r a n s l o c a t i o n s  of one ac rocen t r i c  
c h r o m o s o m e  to a n o t h e r  r e su l t ing  in m e t a c e n t r i c  ch romosomes ,  The  newly  descr ibed  m e t a c e n t r i c  ch romosomes  are 
Rb(4 .3 ) lS ic ,  Rb(15.2)2Sic ,  Rb(12.6)3Sic ,  Rb(13.5)4Sic ,  Rb(14.10)5Sic ,  Rb(17.8)6Sic  a n d  Rb(16.9)7Sic .  

As in o t h e r  m a m m a l i a n  species, m a i n l y  roden ts ,  a Ro-  
b e r t s o n i a n  k a r y o t y p e  d ive r s i t y  h a s  been  obse rved  in  t he  
house  mouse,  Mus musculus3-6.  So far  mice w i t h  k a r y o -  
t y p e s  d e v i a n t  f rom t h a t  of t he  n o r m a l  house  mouse,  
2n = 40, h a v e  been  found  in d i f f e ren t  va l leys  of the  Alps  * 
a n d  t h e  A p e n n i n e s  5,6. T he  m e t a c e n t r i c  c h r o m o s o m e s  
were a l m o s t  a lways  found  to  be  homozyguous .  W i t h i n  
d i s t i nc t  mouse  popu la t ions ,  t he  k a r y o t y p e  was usua l ly  
c o n s t a n t .  Mice f rom Sicily u p  to  n o w  seemed to  h a v e  a 
n o r m a l  k a r y o t y p e  *. W e  h a v e  now  found  severa l  house  
mice  f rom fera l  p o p u l a t i o n s  in  Sicily h a v i n g  m e t a c e n t r i c  
ch romosomes .  

Material and methods. F r o m  t h e  fo l lowing loca t ions  in  
Sicily, wi ld  house  mice  were  o b t a i n e d :  2 f rom Pioppo,  
1 f r o m  M o n t e  Lepre ,  2 f rom T o r e t t a  a n d  2 f rom Misilmeri ,  
all  in  t h e  s u r r o u n d i n g s  of Pa l e rmo .  1 mouse  was k a r y o -  
t y p e d  d i rec t ly  b y  D r  J.  Ole r t  a n d  s h o w n  to  h a v e  11 m e t a -  
cen t r i c  ch romosomes .  The  r e m a i n i n g  5 an i m a l s  were b r e d  
w i t h  n o r m a l  l a b o r a t o r y  mice  a n d  i n t e r  se. The i r  k a r y o -  
t y p e  was  deduced  b y  e x a m i n i n g  t h a t  of t h e  F1 a n i m a l s  
a n d  in 1 case of t h e  p a r e n t a l  Sici l ian mouse  itself. Mi to t i c  
m e t a p h a s e  p la t e s  were o b t a i n e d  a f t e r  Colchicin or  Col- 
cemid  t r e a t m e n t  f rom bone  m a r r o w  cells or  P H A - s t i m -  
u l a t e d  spleen cellsL T he  c h r o m o s o m e s  were s t a ined  
e i t h e r  d i r ec t ly  w i t h  Orcein  or, a f t e r  T r y p s i n  t r e a t m e n t ,  
w i t h  G iemsa  s. Meiot ic  m e t a p h a s e  I f igures  were o b t a i n e d  
b y  t he  m e t h o d  of E v a n s  e t  al. 9. 

Results and discussion. 3 of t he  Sici l ian mice  h a d  a ka ryo-  
t y p e  of 2n = 40 ac rocen t r i c  chromosomes ,  1 male  h a d  
2n = 29, 1 female  2n = 27 a n d  a n o t h e r  male  2n = 26 
ch romosomes .  The  a n i m a l  w i t h  29 chromosomes ,  11 of 
wh ich  are me tacen t r i c ,  was  no t  s tud ied  fu r the r .  The  
female  w i t h  2n = 27 ch romosomes  was  k a r y o t y p e d  di- 
r ec t ly  and  shown  to h a v e  13 me tacen t r i c s .  Of 4 F1 an ima l s  
f rom m a t i n g s  w i t h  n o r m a l  males,  1 h a d  7 a n d  3 h a d  6 
m e t a c e n t r i c  chromosomes .  W e  conc luded  t h a t  t h i s  Sici l ian 
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