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Trends  of karyo log ica l  evolut ion  in Pelobatoid frogs  1 
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Summary .  The Pe loba t ids  have  a basal  ka ryo type  of 26 chromosomes ,  wi th  6 pairs  of large and 7 of small  ch romosomes  
(6 + 7). F r o m  this  ka ryo type ,  shown by  Leptobrachium, Pelobates and  Scaphiopus, those  of Megophrys and Spea 
(5 + 8) m a y  be derived,  as well as t h a t  of L. pelodytoides, wi th  only 24 chromosomes.  Pelodytes has 24 chromosomes  
and a k a r y o t y p e  7 + 5 di f fer ing f rom t h a t  of typ ica l  Pe loba t ids  under  several  respects.  

Amphib ians  belonging to  the  family  Pe loba t idae  are gene- 
ral ly considered t r ans i t iona l  be tween  the  pr imi t ive  
(Archaeobat rachia)  and  the  advanced  (Neobatrachia)  
anurans .  In  some worker ' s  opinion,  t h e y  are a phyle t ica l ly  
sterile branch ,  never the less  by  the i r  morphology,  no t ab l y  
as concerns  the  Or ienta l  ones (Megophryinae),  Pe loba t ids  
are the  mos t  general ized when  compared  to the  var ious  
rad ia t ions  of Neoba t r ach ia  3. 
Pe toba t id  h i s to ry  is wel l -known since the  Ear ly  Ter t i a ry  ~. 
The eocenic (maybe  also cretaceous) Eopelobates is close 
to  e x t a n t  Megophryines  f rom Asiatic South  Eas t ,  b u t  i t  
also possesses several  fea tures  of spadefoots  (Pelobat inae) ,  
of holarc t ic  diffusion. Both Megophryines  and Pelobat ines  
migh t  therefore  descend f rom forms similar to Eopelobates, 
t h e n  d iverging dur ing  cl imat ic  crises in the  Ea r ly  Coe- 
nozoic 4. On the  o the r  hand ,  less cer ta in  are the  relat ions 
of these  anurans  wi th  Pelodytes, known in Nor th  Amer ica  
since the  Miocene 5 and  of relict  diffusion in Euroas ia t ic  
lands today.  Some workers  allocate it to a pe loba t id  sub- 
fami ly  (Pelodytinae) ,  while o thers  held  it d i f ferent  enough  
f rom ' t rue '  Pe loba t ids  to classify it in a family  per  se 
(Pe lody t idae ) , though  in t he  same suborder  (Pelobatoidea2). 

In fo rma t ion  is avai lable in the  l i t e ra ture  on the  karyology 
of Pelodytes punctatus and several  Pe loba t ines ;  more  ra- 
rely on Megophry ines  6. Fresh  d a t a  have  been  ga thered  
in our  l abora to ry  on the  ch romosome  morpho logy  of some 
species f rom tile 3 pe loba to id  groups,  and in some cases 
t he  nucIear D N A - c o n t e n t  was h i s topho tomet r i ca l Iy  evalu- 
a ted  7. I t  is felt  t h a t  in the  l ight  of p resen t  knowledge on 
th is  subjec t  the  overal l  results  ob ta ined  by  us allow a 
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Karyotypes of Pelobatids belong- 
ing to the subfamilies Megophry- 
ines (A-C); Pelobatines (D-H) 
and Pelodyfines (I). A: Leptobra- 
chium pelodytoides; B: L. hasselti; 
C : Megophrys nasuta; D : Peloba- 
tes cultripes; E: P. ]uscus; F: P. 
syriacus; G: Scaphiopus (scaphio- 
pus) holbrooki; H : Scaphiopus 
(Spea) hammondi; I : Pelodytes 
punctatus. 
Vertical lines separate large from 
small chromosomes; arrows point 
to the more constantly visible het- 
erochromatic (nucleolar) seg- 
ments. The lille (bottom right) is 
10 ~tm. 
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f i rs t  c y t o t a x o n o m i c  a p p r o a c h  to the  e v o l u t i o n a r y  h i s t o r y  
of these  i n t e r e s t i ng  anu rans .  
The  species s tud ied  here,  w i t h  t he i r  c h r o m o s o m e  n u m b e r s  
a n d  somet imes  t h e i r  nuc lea r  D N A - a m o u n t s  (in pg pe r  
nucleus) ,  are l is ted in t he  table .  The  figure shows t he  
d ip lo id  c h r o m o s o m e  sets  of t h e  species in  ques t ion ,  a long  
w i t h  t h a t  of Scaphiopus holbrooki, i nve s t i ga t ed  b y  Was-  
s e r m a n n  s, wh ich  was used b y  us (with some changes  in 
t h e  a r r a n g e m e n t  of t h e  homologue  pairs)  in v iew of a 
t h o r o u g h  discussion of karyologica l  re la t ions  w i t h i n  t he  
Pe loba t ids .  
E x c e p t  Leptobrachium pelodytoides (Megophryines)  and  
Pelodytes punctatus, b o t h  wi th  2 n = 24, all  t h e  o the r  
species s tud ied  b y  us h a v e  2 n = 26. The  c h r o m o s o m e  
n u m b e r s  of 4 species o the r  t h a n  those  cons idered  here,  are 
k n o w n  f rom the  l i t e ra tu re ,  e.g. Leptobrachium nigrops and  
Megophrys monticola (Megophryines)  6, Scaphiopus couchii 
a n d  Spea bombi]rons (Pelobat ines)  S, 9. All these  species 
h a v e  2 n = 26, a n d  the i r  k a r y o t y p e s  are s imi la r  to  those  
of t he  respec t ive  genera  (or subgenera)  of t he  species 
inspec ted  here.  
The  f igure shows t h a t  in al l  Pe loba to ids  u n d e r  s tudy ,  
c h r o m o s o m e s  are b i a r m e d  (meta- ,  subme ta - ,  or subte lo-  
centr ic) .  The  c h r o m o s o m e  morphology ,  as also seen in the  
figure,  differs l i t t le  be tween  d i f fe rent  species, m a j o r  
d ivergencies  cons i s t ing  in t he  local iza t ion  of t he  ' s t ep '  
be tween  larger  and  smal le r  ch romosomes  in each k a r y o t y p e  
(see below) and  in the  ch r om os om a l  loca l iza t ion  of the  
h e t e r o c h r o m a t i c  zones (may be  the  nucleolus  organizers) .  
As regards  t he  nuc lea r  D N A - c o n t e n t ,  t he  species in wh ich  
i t  was  e s t i m a t e d  e x h i b i t  m e d i u m  or m e d i u m - h i g h  va lues  
a m o n g  A n u r a  6, ~; in o t h e r  Pe loba t ine s  unde rgo ing  a r ap id  
l a rva l  d e v e l o p m e n t  (Scaphiopus, Sped), lower va lues  (from 
3.6 to 1.6 pg/N) were r epor ted  b y  o the r  workers  1~ These  
d ivergencies  m a y  p l aus ib ly  be  re la ted  to  a d a p t i v e  factors ,  
cha rac t e r i s t i c  of the  life of each  species (namely,  t he  r a t e  
of DNA-rep l i ca t ion ,  cell d iv is ion,  etc. 8, ~, ~0). 
T h e  26 c h r o m o s o m e  set, be ing  typ ica l  of t he  m o s t  genera-  
l ized Megophry ines  (e. g. L. hasselti) it and  of all  Pe loba t i -  
nes, is p l aus ib ly  t he  basic  c o m p l e m e n t  of the  f ami ly  f rom 
w h i c h  t he  24 c h r o m o s o m e  se t  of L. pelodytoides, and  
p e r h a p s  also t h a t  of Pelodytes, are der ived.  A 26 ch romo-  
some set  is also t yp ica l  of mos t  ba sa l  groups  f rom the  
va r i ous  famil ies  of t he  N e o b a t r a c h i a ,  while  i t  is p rac t i ca l ly  
a b s e n t  in t he  e x t a n t  A r c h a e o b a t r a c h i a 6 :  f rom a karyolo-  
gical  s t a n d p o i n t ,  Pe loba t id s  a p p e a r  closer to  t he  fo rmer  
t h a n  t he  l a t t e r  a n u r a n  g r o u p m e n t ,  I n  pa r t i cu la r ,  t he  
k a r y o t y p e  of P e l o b a t i d s  is s t rong ly  r em i n i s cen t  of t h a t  of 
some Leptodac ty l ids12:  unless  i t  is a ques t ion  of precise 
para l le l i sms  in the  karyologica l  d i f f e ren t i a t ion  of t he  2 
groups,  t he  above  f ind ings  m i g h t  be of s y s t e m a t i c  in te res t .  

M a n y  workers  be l ieve  t h a t  Pe loba t id s  are  der ived  f rom a 
discoglossid stock~. A m o n g  e x t a n t  Discoglossidae,  Alytes 
has  2 n  = 38, Discoglossus 2 n = 28 a n d  Bombina 2 n = 24. 
I f  t he  karyologica l  d i f f e ren t i a t ion  on t he  las t  f ami ly  took  
place, as seems likely, t h r o u g h  progress ive  r educ t ion  of the  
c h r o m o s o m e  n u m b e r  s, fo rms  wi th  26 ch romosomes ,  kary-  
ological ly  ak in  to e x t a n t  Pe loba t ids ,  m a y  h a v e  been 
p r e sen t  w i t h i n  the  Discoglossids. 
As concerns  t he  karyologic  d i f f e r en t i a t i on  w i t h i n  Pe loba-  
t ids,  t h e  f igure shows t h a t  2 ka ryo log ic  ' f o rmulae '  occur  
in  t he  species w i t h  13 homologue  pairs .  The  1st cons is t  of 
6 pa i rs  of la rger  and  7 .of smal ler  ch romosomes  (6 + 7), t he  
2nd of 5 larger  a n d  8 smal le r  pa i rs  ( 5 + 8 ) .  T h e  6 + 7  
k a r y o t y p e  is found  in L. hasselti, in  t he  3 Pelobates species 
and  in t he  Scaphiopus species of t he  Scephiopus subgenus  : 
these  are the  m o s t  genera l ized forms w i t h i n  Megophry ines  
a n d  Pe loba t ine s  3,4,11. Should  t he  c o n s e r v a t i v i t y  in the  
a n a t o m i c a l  fea tu res  of those  species f ind i ts  c o u n t e r p a r t  a t  
t he  karyologica l  level as well, t he  hypo thes i s  m i g h t  be 
a d v a n c e d  t h a t  t he  6 + 7 k a r y o t y p e  is t he  p r i m i t i v e  one 
w i t h i n  e x t a n t  Pe loba t ids .  F r o m  th i s  k a r y o t y p e ,  t h r o u g h  
a s imple  de le t ion  in  a large e lement ,  t he  5 + 8 k a r y o t y p e ,  
wh ich  charac te r i zes  Megophrys a m o n g  Megophry ines  a n d  
t he  species of Scaphiopus of the  subgenus  Spea a m o n g  
Pe loba t ines ,  m a y  h a v e  arisen,  p e r h a p s  i n d e p e n d e n t l y  in 
t he  2 subfami l ies  6, s 
L. pelodytoides (6 + 6 ka ryo type )  has  r e t a i n e d  t he  6 pairs  
of la rger  homologues  of t he  ' p r i m i t i v e '  k a r y o t y p e ,  b u t  
seems to  h a v e  los t  a pa i r  of smal ler  e lements .  A p p a r e n t l y ,  
t h i s  is a fa i r ly  c o m m o n  p a t t e r n  of karyologica l  evo lu t ion  
a m o n g  A m p h i b i a n s  6. 
Pelodytes has  12 pa i r s  of homologues  l ike L. pelodytoides, 
b u t  i t  d isp lays  a d i v e r g e n t  7 + 5 k a r y o t y p e .  None  of the  
t yp ica l  Pe loba t id s  s tud ied  seems to possess 7 pa i r s  of 
la rger  homologues ,  wh ich  h o w e v e r  are  p re sen t  in  Disco- 
glossus (7 + 7) and  in severa l  Lep todac ty l i d s  ( among  which  
Heleophryne, w i t h  a 7 + 6 ka ryo type )  6 
Owing  to i t s  smal le r  c h r o m o s o m e  n u m b e r ,  Pelodytes 
appea r s  karyo log ica l ly  more  d i f f e ren t i a t ed  t h a n  typ ica l  
Pe loba t ids .  I t s  k a r y o t y p e  m i g h t  h a v e  ar i sen  f rom a 6 + 7 
one t h r o u g h  u n e q u a l  t r ans loca t i on  of 2 smal l  chromosomes ,  
fused in to  a single larger  e l emen t  (as r epo r t ed  in Rana, 
Litoria and  o t h e r  anurans)6,1a,  or else i t  m i g h t  h a v e  
o r ig ina ted  b y  s t a r t i n g  f rom karyologica l  fo rmulae  capab le  
of e v o l v i n g  b o t h  in a 6 + 7 and  in a 7 + 5 k a r y o t y p e .  In  
o t h e r  words,  karyologica l  f indings,  as a n a t o m i c a l  ones, 
f u r t h e r  emphas ize  t he  pecul ia r  cond i t ion  of Pelodytes 
a m o n g  Pe loba to ids ,  namely ,  t he  fac t  t h a t  th i s  genus  
t h o u g h  be ing  karyo log ica l ly  more  d i f f e ren t i a t ed  t h a n  
severa l  t yp i ca l  Pe loba t ids ,  does no t  bea r  a n y  p a r t i c u l a r  
r e semblance  w i t h  any  of t h e m .  

Species 2 n Karyologic DNA (pg/N) 
formula 

Megophryinae 
Leptobrachium hassdti 26 6 + 7 
L. pelodyto~des 24 6 + 6 9.1 
Megophrys nasuta 26 5 + 8 5.6 

Pelobatinae 
Pelobates cultripes 26 6 + 7 
P. /USCUS 26 6 + 7 8.2 
P. syriacus 26 6 + 7 9.0 
Scaphiop~s (Spea) hammondi 26 5 -I- 8 

Pelodytidae 
Pelodytes punctatus 24 7 % 5 
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