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( B u r r o u g h s  Wel lcome,  cat .  No. H A  16) was  a d d e d  to  t he  
C a r i a m a  c r i s t a t a  cu l tu re  in  t h e  a m o u n t  of 0.2 ml /5  ml  
media .  The  pur i f ied  P H A  seemed to  cause  less agg lu t ina -  
t ion  of t h e  cells t h a n  t h e  regu la r  P H A  (Difco) w h i c h  was 
used on  t h e  S. s e r p e n t a r i u s  cells. The  cu l tu res  were in te r -  
r u p t e d  w i t h  0.13 ml  of 0 .001% colchicine added  for  1 h 
a n d  15 ra in  and  t h e n  a h y p o t o n i c  so lu t ion  of 0.075 M KC1 
was added  for 20 min .  T he  cells were n e x t  f ixed wi th  3 : 1 
m e t h a n o l / a c e t i c  acid a n d  slides m a d e  in t h e  usua l  m a n n e r .  
Results and discussion. T he  k a r y o t y p e  of t he  s ec r e t a ry  
bi rd ,  Sag i t t a r i u s  se rpen ta r ius ,  h a d  36 m a c r o c h r o m o s o m e s  
of qu i t e  large size a n d  a d ip lo id  n u m b e r  of approx i -  
m a t e l y  90. The  m a c r o c h r o m o s o m e s  cons is t  p r i m a r i l y  of 
m e t a c e n t r i c  a n d  a few s u b m e t a c e n t r i c  pairs .  On ly  t he  
f i rs t  21 c h r o m o s o m e  pa i r s  are s h o w n  in f igure 1. I n  
severa l  k a r y o t y p e s  p r e p a r e d  t he re  was 1 h e t e r o m o r p h i c  
pa i r  w h i c h  is a s s u m e d  to  be  Z W  and  s h o w n  as t he  f i rs t  
pai r .  W h i l e  t h e  i den t i f i ca t ion  of these  sex ch r om osomes  
m u s t  be  cons ide red  t e n t a t i v e ,  these  e l emen t s  are  con-  
s i s t en t l y  d i f fe ren t  f rom o the r  pairs ,  are n o t  unl ike  w h a t  

is 2 W in o t h e r  b i rds  and,  m o s t  i m p o r t a n t  for  t he  p r e s e n t  
cons idera t ion ,  t h e y  differ  r e m a r k a b l y  f rom ch romosomes  
in t h e  C a r i a m a  k a r y o t y p e .  F ind ings  of Sag i t t a r iu s  chro-  
mosomes  are essen t ia l ly  s imi la r  to  those  p u b l i s h e d  b y  
de Boer  ~. 
The  Ser iema,  Ca r i ama  c r i s t a ta ,  ha s  a p p r o x i m a t e l y  94 
ch romosomes  inc lud ing  n u m e r o u s  mic roch romosomes  of 
wh ich  on ly  t he  f i r s t  21 pa i r s  are s h o w n  (figure 2). The  
k a r y o t y p e  cons is t s  of on ly  ac rocen t r i c  ch romosomes  w i t h  
t h e  f i rs t  pa i r  be ing  easi ly s epa ra t ed  because  of i t s  large 
size. The re  is a g r a d u a l  decrease  in t he  size of t he  ch romo-  
somes to t he  m i n i a t u r e  size of t he  mic rochromosomes .  
No d imorph i c  sex c h r o m o s o m e s  could  be ident i f ied  a n d  
t h e  b i rd  was, therefore ,  cons idered  to  be  a male.  
The  k a r y o t y p e  of Car iama,  composed  of on ly  ac rocen t r i cs  
is cons ide rab ly  more  p r i m i t i v e  t h a n  t h a t  of Sagi t ta r ius .  
Th i s  would  sugges t  t h a t  t h e  close r e l a t ionsh ip  of these  2 
species b y  Joll ie 4 c a n n o t  be  s u p p o r t e d  b y  karyologica l  
s tud ies  a n d  t h a t  Ca r i amidae  indeed  should  be  cons idered  
a s epa ra t e  group.  
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Summary. A J a p a n e s e  b l a c k  r a t  ( R a t t u s  r a t t u s  t anezumi )  w i t h  a sub t e locen t r i c  pa i r  no. 3 c h r o m o s o m e  was found  in 
Go tenba ,  J a p a n .  B y  compar i son  of t h e  l e n g t h  in b o t h  m e m b e r s  of t he  c h r o m o s o m e  pair ,  and  f rom t h e  G - b a n d  p a t t e r n ,  
t he  sub te locen t r i c s  seemed to  h a v e  deve loped  f rom the  or ig ina l  ac rocen t r i cs  b y  the  pe r icen t r i c  invers ion .  

P o l y m o r p h i s m  of pa i r  no. 1, 9 a n d  13 ch romosomes ,  w i t h  
r e spec t  to  ac rocen t r i c s  a n d  sub te locen t r i cs ,  ha s  been  
f o u n d  widely  in  b l ack  ra ts ,  R a t t u s  r a t t u s ,  col lected in 
J a p a n  a n d  also in severa l  o t h e r  coun t r i e s  in  E a s t  a n d  
S o u t h e a s t  Asia2-% Based  o n  m e a s u r m e n t  of t he  l e n g t h  
of t h e  ac rocen t r i cs  a n d  sub te locen t r i c s  a n d  also on 
c o m p a r i s o n  of t h e  G - b a n d i n g  p a t t e r n s  b e t w e e n  t h e m ,  i t  
was  a s s u m e d  t h a t  t he  sub te locen t r i c s  h a d  deve loped  b y  
pe r iocen t r i c  invers ion  f rom t he  acrocentr ics2-4,  ~. Pa i r  
no. 3 c h r o m o s o m e s  in t he  b l ack  r a t s  col lected in severa l  
coun t r i e s  in  t he  world,  however ,  was  usua l ly  cha rac t e r i zed  
b y  h a v i n g  t he  ac rocen t r i c  cen t romere ,  so far  as t he  
p r e s e n t  a u t h o r  e x a m i n e d  t h e m .  R e c e n t l y  a sub te lo -  
cen t r i c  pa i r  no. 3 c h r om os om es  was found  in a b l a c k  r a t  
col lected in Go tenba ,  Sh izuoka-ken ,  J a p a n .  As th i s  
i nve r s ion  is a new f ind ing  in t he  an imal ,  de ta i l  of t he  
k a r y o t y p e  will  be  repor ted .  
The  b l a c k  r a t  ( R a t t u s  r a t t u s  t a n e z u m i )  was  col lected in  
t he  field of Go tenba ,  Sh izuoka-ken ,  J a p a n .  T he  ch romo-  
somes  of t h e  r a t  were  obse rved  in cu l t u r ed  cells of t h e  ta i l  
t i p  of t he  a n i m a l  b y  our  r ou t i ne  p rocedu re  3. G - b a n d s  
s t a in ing  was used  accord ing  to  t he  t r i p s i n  t r e a t m e n t  
t e c h n i q u e  7, a n d  t h e  C-band  was s t a ined  b y  app l i ca t i on  
of a s l igh t  mod i f i ca t ion  of S u m n e r ' s  t e c h n i q u e  s. 
C h r o m o s o m e  n u m b e r  of t h e  b l a c k  r a t  was  42 in t he  diploid  
cells, l ikewise in t he  o t h e r  b l a c k  r a t s  c a p t u r e d  in J a p a n .  
Bas ic  k a r y o t y p e  of t he  b l a c k  r a t  is genera l ly  cha rac t e r i zed  
b y  h a v i n g  13 ac rocen t r i c  a u t o s o m e  pa i r s  (nos 1-13) a n d  7 
smal l  m e t a c e n t r i c  a u t o s o m e  pa i r s  (nos 14-20) a n d  acro-  
cen t r i c  X a n d  u chromosomes .  T he  pa i r s  no. 1, 9 a n d  13 
of t h e  b l a c k  r a t s  are  r e m a r k a b l e  b y  showing  a n  acro-  
cen t r i c  a n d  a sub t e locen t r i c  p o l y m o r p h i s m  as a l r eady  
r e p o r t e d  Z-% T h e  p r e s en t  m a t e r i a l  showed  ac rocen t r i c  
pa i r  no. 1 a n d  9, b u t  ac rocen t r i e  a n d  sub te locen t r i c  

h e t e r o m o r p h i c  pa i r  no. 13. Ou t  of t h e  he te ro logors  pa i r  
no. 13, t h e  pa i r  no. 3 was  r e m a r k a b l e  in  h a v i n g  t he  
ac rocen t r i c  a n d  sub te locen t r i c  he te ro logous  pa i r  (figure 
1 A, B). As t h e  l e n g h t  of t h e  ac rocen t r i cs  and  subte lo-  
cen t r ics  was  a l m o s t  s imilar ,  t h e  sub te locen t r i c s  seem to  
h a v e  deve loped  b y  per icen t r i e  inve r s ion  of t h e  ac rocen t r ic  
ch romosome.  
The  pa i r  ~ao. 3 is r e m a r k a b l e  in h a v i n g  i ts  cha rac t e r i s t i c  
G - b a n d i n g  p a t t e r n  as a l r eady  r epo r t ed  b y  t he  p r e s e n t  
au thor% F r o m  t h e  b a n d i n g  p a t t e r n  analysis ,  i t  s t rong ly  
suggests  t h a t  pe r icen t r i c  inve r s ion  could  h a v e  occur red  
in a b o u t  o n e - t h i r d  of t he  ac rocen t r i c  pa i r  no. 3 ch romo-  
somes (figure 2, A), and  t h e n  t he  sub te locen t r i c s  devel-  
oped.  
C-band  p a t t e r n  of t he  J a p a n e s e  b l a c k  r a t s  has  been  re- 
p o r t e d  b y  Yos ida  a n d  Sagai  s. Accord ing  to  t hem,  t h e  
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J a p a n e s e  b l a c k  r a t s  are  r e m a r k a b l e  b y  h a v i n g  no  C-band  
p a t t e r n  in m a n y  ac rocen t l i c  pairs .  The  pa i r  no. 3 ch ro mo -  
somes of t he  b l a c k  r a t  conce rned  here  were also c h a r a c t e r -  
ized b y  def ic iency  of C -bands  in  t h e  ac rocen t r i c s  a n d  in  
i t s  sub t e locen t r i c  p a r t n e r .  C -bands  of t h e  o t h e r  pa i r s  in  
t he  r a t  are  as follows; pa i r s  no  1, 5 a n d  13 were he te ro -  
m o r p h i c ;  pa i r s  nos  2, 3, 4, 6, 7, 8, 10, 11 h a d  no  b a n d s  a n d  
on ly  pa i r s  nos  9 a n d  12 showed t h e  h o m o m o r p h i c  b a n d s .  
I n  t he  p rev ious  paper ,  t h e  p r e s e n t  a u t h o r  8 po in t e d  o u t  
t h a t  t h e  p resence  a n d  absence  of C-bands  in t he  pa i r  no. 1 
is closely r e l a t ed  to  i t s  p o l y m o r p h i c  c h a r a c t e r ;  n a m e l y  
t he  b a n d  was  obse rved  in on ly  t he  acrocentr ics ,  b u t  n o t  
in  t he  sub te locen t r i cs .  The  b l a c k  r a t  in  t he  p r e s e n t  s tudy ,  
however ,  is a n  excep t iona l  case, because  h e t e r o m o r p h i c  
C-band  was  obse rved  in t h e  pa i r  no. 1, a l t h o u g h  t h e  pa i r  
is cha rac t e r i zed  b y  b o t h  acrocent r ics .  A no t i ceab le  f ac t  is 
t h a t  t he  l e n g t h  of 1 m e m b e r  of t he  pa i r  no. 1, wh ich  has  
no  C-band,  was  usua l ly  sho r t e r  t h a n  t h a t  of t he  o the r  
p a r t n e r .  I t  seems t h a t  a de le t ion  occur red  in t he  sho r t  
a r m  of t h e  sub t e locen t r i c  pa i r  no. 1 a n d  t h e n  t h e  acro-  
cen t r i c  no. 1 c h r o m o s o m e  w i t h o u t  t h e  C-band  could  h a v e  
deve loped  (figure 2B) .  
The  suppos i t i on  t h a t  t he  or ig ina l  fo rm of t he  p a i r  no. 3 in 
t h e  b l ack  r a t  is t h e  ac rocen t r i cs  is reasonable ,  because  i t  
was  usua l ly  obse rved  b y  m a n y  inves t iga to r s  2-9. Therefore ,  
t he  sub t e locen t r i c  pa i r  no. 3 obse rved  in t he  p r e s e n t  
m a t e r i a l  leads  me  to conc lude  t h a t  i t  deve loped  b y  t h e  
pe r icen t r i c  i nve r s ion  f rom the  acrocent r ics .  The  p r e s e n t  
a u t h o r  h a v e  obse rved  a l r eady  a b o u t  1000 b l ack  r a t s  f rom 

J a p a n  a n d  t h e  o the r  count r ies ,  b u t  t h e  sub te locen t r i c  
pa i r  no. 3 could n o t  be  found,  e x c e p t  in  i r a t  r epo r t ed  in 
t h i s  paper .  This  i nve r s ion  seems to  h a v e  deve loped  
r ecen t l y  in  G o t e n b a  a rea  of J a p a n .  T h e  a n i m a l  is now 
b reed ing  in t h e  a u t h o r ' s  l a b o r a t o r y  a n d  f u r t h e r  s t u d y  will 
be  r epo r t ed  in t h e  fu ture .  
I n  t h e  N o r w a y  ra t ,  t h e  t e locen t r i c  (acrocentr ic)  a n d  
sub te locen t r i c  p o l y m o r p h i s m  of t h e  pa i r  no. 3 ch romo-  
somes h a s  been  r epo r t ed  b y  the  p r e s e n t  a u t h o r  1~ I n  t h i s  
case, t h e  sho r t  a r m  of t h e  sub te locen t r i c s  was  v e r y  small .  
I n  t h e  b l a c k  ra t ,  however ,  t h e  s h o r t  a r m  of t h e  sub te lo -  
cen t r i c  pa i r  no. 3 was v e r y  large a n d  qt is easi ly  iden t i -  
fied f rom t h e  o t h e r  ac rocen t r i c  p a r t n e r .  
K a r y o t y p e  of As ian  t y p e  b l ack  r a t s  w i t h  2n = 42 are 
r e m a r k a b l e  b y  h a v i n g  p o l y m o r p h i c  pa i r s  nos  1, 9 a n d  13 
w i t h  respec t  to  ac rocen t r i cs  an d  sub te locen t r i cs .  Based  
o n  severa l  karyologica l  i nves t i ga t i ons  on  t h e  b l a c k  ra ts ,  
t h e  p r e s e n t  a u t h o r  sugges ted  t h a t  t h e  or ig ina l  t y p e  of 
th i s  pa i r  is acrocentr ics ,  a n d  t h e  sub te locen t r i c s  h a v e  
deve loped  b y  per icen t r i c  inve r s ion  2-,. Occur rence  of t he  
sub te locen t r i c  pa i r  no. 3 seems to  p rov ide  c lear  ev idence  
in s u p p o r t  of t h e  above  suggest ion.  
An  ac rocen t r i c  pa i r  no. 1 w i t h o u t  t h e  C-band  was  t he  
f i rs t  o b s e r v a t i o n  so far  as t h e  p r e s en t  a u t h o r  is concerned .  
I t  m i g h t  h a v e  occur red  b y  de le t ion  of a s h o r t  a r m  of t he  

Fig. 1. Chromosomes in a Japanese black rat (Rattus rattus tanezumi) 
with the subtelocentric pair no. 3 chromosome (indicated by an 
arrow). A metaphase, B its karyotype. 

Fig. 2. Banding karyotypes in a Japanese black rat  with the sub- 
telocentric pair no 3 (indicated by an arrow). A G-bands, B C-bands. 
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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 .  

10 T . H .  Yosida and K. Amano, Chromosoma 16, 658 (1965). 
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O. Mayo1 ,  G. R.  B i s h o p 9  a n d  T. W .  H a n c o c k  
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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. 


