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t e r s t i t i a l  h e t e r o c h r o m a t i c  b a n d  on  t h e  long a rm,  a n d  
o t h e r s  where  th i s  b a n d  is v e r y  w e a k  or even  a b s en t .  
F u r t h e r  p o l y m o r p h i s m  b e c a m e  obv ious  in t h e  a m o u n t  of 
c e n t r o m e r i c  h e t e r o c h r o m a t i n  of c h r o m o s o m e  No. 1 (figure 
2). 
I n  a d d i t i o n  to  our  desc r ip t ion  of t he  sex ch romosomes  of 
P h o d o p u s  sungorus  n ,  we w a n t  t o  m e n t i o n  t h a t  we found  
i t  d i f f icul t  to  decide w h e t h e r  in  t he  h a m s t e r s  e x a m i n e d  
b y  us, a p o l y m o r p h i s m  of t h e  X - c h r o m o s o m e s  is p r e s e n t  
or  no t .  W e  obse rved  g rea t  v a r i a t i o n s  in  a rml ra t i 0 .  A p a r t  
f r om exac t l y  m e t a c e n t r i c  X-ch romosomes ,  We found  sub-  
m e t a c e n t r i c  ones  w i t h  a longer  e u c h r o m a t i c  a rm,  as well 
as o the r s  w i t h  a longer  h e t e r o c h r o m a t i c  a rm.  B u t  as t h e  
a p p e a r a n c e  of t h e  X - c h r o m o s o m e s  of each  i n d i v i d u a l  
va r i ed  f rom one mi tos i s  to  t h e  nex t ,  we came  to  t he  con-  
c lus ion  t h a t  t he  v a r i a t i o n s  in  a r m  r a t i o  h a v e  t h e i r  or igin 
in  d i f fe ren t  degrees  of c o n d e n s a t i o n  a n d  n o t  in  poly-  
m o r p h i s m .  
Discussion. Our  s tud ies  on  t h e  C-banded  k a r y o t y p e  of 
P h o d o p u s  sungorus  h a v e  revea led  a d i s t r i b u t i o n  of he t e ro -  
c h r o m a t i n  which,  to  some ex t en t ,  r e m i n d s  us of t h a t  found  
in Cr ice tu lus  gr iseus 14-1~. The  s imilar i t ies ,  however ,  are 
n o t  f a r - r each ing  and,  a p a r t  f r o m  this ,  a di f ference can  be  
seen in t h e  a m o u n t  of h e t e r o c h r o m a t i n  wh ich  is s ignif-  

i c a n t l y  lower  in  P h o d o p u s  sungorus  t h a n  in Cr ice tu lus  
griseus.  A d d i t i o n a l  c o m p a r a t i v e  r e m a r k s  on  t h e  k a r y o -  
t ypes  of severa l  h a m s t e r  species will be  g iven  in a f u r t h e r  
p u b l i c a t i o n  wh ich  we h a v e  in p r e p a r a t i o n .  
Whi le  our  cy togene t i c  ana lys i s  was  conce rned  w i t h  t he  
subspecies  Ph .  s. sungorus ,  t h e  m a j o r i t y  of p rev ious  in-  
v e s t i g a t i o n s  8, 5, ~, s h a v e  been  ca r r ied  o u t  on  Ph .  s. c amp-  
belli. I n  a few publ ica t ions ,  t h e  n a m e  of the subspecies  
has  n o t  been  mentioned l,~, 1~ C h r o m o s o m e  s t r u c t u r e  
a n d  G - b a n d i n g  p a t t e r n s  make us  bel ieve t h a t  t h e r e  is no  
s ign i f i can t  di f ference i n  t h e  k a r y o t y p e s  of t h e  2 sub-  
species, b u t  suff ic ient  c e r t a i n t y  will o n l y  be  ob ta ined ,  
w h e n  a g rea t e r  n u m b e r  of i nd iv idua l s  of b o t h  subspecies  
h a s  been  examined .  Special  a t t e n t i o n  shou ld  be pa id  to  
p o l y m o r p h i s m  wh ich  could easi ly  be confused  w i t h  t r u e  
differences.  Here ,  compar i son  of C - b a n d i n g  p a t t e r n s  m a y  
give i m p o r t a n t  i n fo rma t ion ,  because  in m o s t  cases i t  is 
h e t e r o c h r o m a t i c  m a t e r i a l  w h i c h  is i nvo lved  in po lymor -  
ph ic  s t ruc tu res .  
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Summary. Chromosome  s tud ies  of 1 species of Ca r i amidae  a n d  S a g i t t a r i u s  show g rea t  karyo log ica l  dif ferences  a n d  t e n d  
to  dispel  t h e  sugges t ion  of a poss ible  r e l a t i onsh ip  b e t w e e n  t h e  families.  

I n  t he  class Ayes, t h e r e  has  been  m u c h  d o u b t  as to  t h e  
e x a c t  i n t e r r e l a t i o n s h i p s  of t h e  va r ious  suborde r s  of t h e  
d i u r n a l  b i rds  of prey.  I n  a r e c e n t  paper ,  m u c h  cy togene t i c  
ev idence  was p r e sen t ed  b y  de Boer  2 for  t he  he t e rogeneous  
n a t u r e  of t h e  Fa lcon i formes .  I t  was  sugges ted  t h a t ,  in  
t h i s  order ,  t h e  Ca tha r t i dae ,  Fa lcon idae ,  Acc ip i t r idae  a n d  

Fig. 1. Partial karyotype of female Sagittarius serpentarius (Sagit- 
taridae); Z, W are only tentatively identified. 

Sag i t t a r i d ae  be cons idered  s e p a r a t e  g roups  because  of t he  
g rea t  d i s s imi la r i ty  in  t h e i r  ka ryo types .  T h e  lack of cy to-  
logical  d a t a  on  t h e  Car iamidae ,  however ,  has  m a d e  i t  
imposs ib le  so far  to  discuss  t h e  r e l a t i o n s h i p  b e t w e e n  
Sag i t t a r i u s  a n d  t h e  Car i amidae  ~. 
I t  h a s  been  sugges ted  b y  Jol l ie* t h a t  t h e  Car iamidae ,  
cons i s t ing  of t h e  2 S o u t h  A m e r i c a n  species Ca r i ama  
c r i s t a t a  a n d  C h u n g a  bu rme i s t e r i ,  m a y  be  closely re la ted  
t o  t h e  s ingle Af r i can  r e p r e s e n t a t i v e  of Sag i t t a r idae ,  t h e  
s ec r e t a ry  b i rd ,  Sag i t t a r i u s  se rpen ta r ius .  Th i s  sugges t ion  
was based  on  s imi lar i t ies  in p h e n o t y p e  a n d  behav ior .  
O the r s  ~ g roup  t h e  Car iamidae  w i t h  the  o rder  Gru i formes  
a n d  cons ider  t h e m  more  closely r e l a t ed  to  b u s t a r d s  a n d  
e x t i n c t  g i an t  cranes.  De Boer  s , whi le  h i n t i n g  a t  t h e  desir-  
ab i l i t y  of se t t l ing  th i s  d i spute ,  d id  n o t  h a v e  m a t e r i a l  of 

C a r i a m i d a e  ava i l ab le  for  s tudy .  To f u r t h e r  these  com- 
pa r i sons  we s tud ied  3 S. s e r p e n t a r i u s  a n d  1 male  Ca r i ama  
c r i s t a t a  held  a t  t h e  San  Diego Zoo. 
Material and methods. Blood was  t a k e n  f rom a b rach ia l  
ve in  of 3 Sag i t t a r i u s  s e r p e n t a r i u s  an d  1 Ca r i ama  c r i s t a t a  
a t  San  Diego Zoo an d  cen t r i fuged  a t  500 r p m  for 10 m i n  
a n d  t h e n  c u l t u r e d  a t  37 ~ Pur i f i ed  p h y t o h e m a g g l u t i n i n  

Fig. 2. Partial karyotype of male Cariama cristata (Cariamidae). Sex 
chromosomes cannot be identified. 

1 This work was done at the research department of the San Diego 
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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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