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chromosome,  for example,  consists  a lmost  ent i re ly  of 
cons t i tu t ive  he t e roch roma t in  while ch romosome 12 and 
the  X chromosome  b o t h  possess in ters t i t ia l  C-bands half-  
way  along the i r  long arms, and  ch romosome  1 has a small  
C-band a t  the  distal  t ip  of the  shor t  arm. These var ia t ions  
in cons t i tu t ive  he t e roch roma t in  con ten t  provide  an  ad- 
di t ional  means  of ident i fy ing  these  chromosome pairs.  

I t  is also c o m m o n  to f ind the  C-bands differ in size 
be tween  homologues.  This is par t icu lar ly  t rue  of chromo-  
some pair  No. 13, which  showed a h e t e r o m o r p h i s m  in a t  
least  4 ou t  of the  9 animals  s tud ied  (e.g. Figure 3). More 
work is required to de te rmine  exac t ly  how widespread  
this  p o l y m o r p h i s m  is, and how much  o ther  var ia t ion  
there  m i g h t  be in t he  horse karyo type .  

T h e  P h y l o g e n e t i c  S t a t u s  of  P h y l l o m e d u s i n e  F r o g s  (Hyl idae )  as  Ev idenced  f r o m  I m m u n o l o g i c a l  
S tudies  of the ir  S e r u m  A l b u m i n s  1 
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Summary. Based on immunologica l  compar isons  of the  se rum a lbumins  of phy l lomedus ine  frogs wi th  b o t h  hyl ine and 
bufonid  species, it  is suggested t h a t  phy l lomedus ine  frogs be erected to familial  s ta tus  wi th in  the  super fami ly  Bufo- 
noidea. 

The Neotropical  leaf frogs, Phyl lomedus inae ,  consis t  of 
th ree  genera;  Phyllomedusa (31 species), Agalychnis (8 
species), a n d  the  mono typ i c  Pachymedusa. These frogs 
cons t i tu te  a d i s t inc t  phyle t ic  line in the  family Hylidae.  
All frogs t e s t ed  in th is  subfami ly  are unique among  other  
hylids in possessing large a m o u n t s  of powerful  b rady-  
kinin-like and physa laemin- l ike  po lypep t ides  in the i r  
skin 3. All species in th is  subfami ly  are also charac ter ized  
by  hav ing  ver t ical  pupils,  diploid chromosome comple-  
men t s  of 26, arboreal i ty ,  and modera t e ly  ossified skulls 
(with or w i t h o u t  the  dermis  co-ossified wi th  the  skull). 
All member s  depos i t  the i r  eggs on vege ta t ion  over  water ,  
into which the  ha tch l ing  tadpoles  drop. The aquat ic  tad-  
poles are unique in hav ing  a s inis tral  spiracle lying ven- 
t ra l ly  on the  midl ine 4. Considera t ion  of the  above cha- 
racter is t ics  led DUELLMAN 5 tO recognize these  th ree  
genera as a separa te  hyl id  subfamily .  DUELL~A/~'S de- 
cision has been conf i rmed by  recen t  biochemical  s tudies  
which have  shown t h a t  a t  least  some phyl lomedusines ,  
and no o ther  hylids,  excre te  uric acid r a the r  t h a n  am- 
monia  and urea as do mos t  anurans  6. Addit ional ly ,  fu r ther  
s tudies  on phyle t ic  affinit ies of phy l lomedus ine  frogs have  
suggested these  frogs m a y  be closely re la ted  to a t  least  
some of the  Aust ra l ian  hyl ids  (Litoria). 2 of 5 species of 
Litoria t e s t ed  were found  to possess large f ibrous me- 
lanosomes,  con ta in ing  a novel  red p igment ,  which  were 
former ly  ident i f ied  as unique  to Neot ropica l  leaf frogs% 

My in te res t  in phy l lomedus ine  frogs arose dur ing s tudies  
of a lbumin  evolut ion  in the  anu ran  superfami ly  Bufo- 
noidea s. These s tudies  wi th  a lbumins  of b o t h  hyl id  and 
bufonid  species suggested t h a t  the  phy l lomedus ine  frogs 
should be erected as a p roper  family,  pe rhaps  in te rmedia te  
be tween  the  Hyl idae  and the  Bufonidae.  Indeed,  earlier 
serological s tudies  by  CEI s, involving precipi t in  tes t s  w i t h  
shor t  t e r m  ant i sera  to  whole serum, led h im to suggest  
the  Phy l lomedus inae  migh t  represen t  an i ndependen t  
phyle t ic  b r anch  ariziug f rom some und i f fe ren t i a t ed  
H y l i d - B u f o n o i d  stock. 

Materials and methods. Ant i se ra  to  pure a lbumin  f rom 
a single specimen of Phyllomedusa trinitatus ~o was made  
in 4 male New Zealand whi te  r abb i t s  over a t h r e e - m o n t h  
immuniza t ion  schedule.  The individual  ant i sera  were 
tes ted  for pu r i t y  and  pooled according to publ i shed  pro- 
cedures 1~. As sources of a lbumin,  p lasma or skeletal  muscle 
p reserved  in a p h e n o x y e t h a n o l  solut ion ~ were used. 
Mic rocomplement  f ixat ion s tudies  wi th  the  a lbumins  of 

r epresen ta t ives  of all th ree  phyl lomedus ine  genera as well 
as wi th  o ther  hyl id  and bufonid  species were per formed.  
Resul ts  are repor ted  as immunological  d is tance  units.  For  
anuran  a lbumins  1 uni t  of immunologica l  d is tance  be- 
tween  2 species represents  roughly  one amino acid dif- 
ference in the  a lbumins  of these  2 speciesl~. 

Results and discussion. The Table  summar izes  t he  re- 
sults  of tes ts  wi th  an t i se rum to t ). trinitatus albumin.  All 
avai lable species of Phyllomedusa form one i mmu n o-  
logical c luster  wi th  a range of 0-61 units.  This  is the  order  
of magn i tude  seen be tween  species of Gastrotheca (Hylidae : 
v m p h i g n a t h o d o n t i n a e ) ,  be tween  Nor th  Amer ican  Hyla 
species (HyIidae: Hylinae) ,  and be tween  species of Bu/o 
(Bufonidae) 8. Paehymedusa dachnicolor is of in teres t  
since, when  first  descr ibed by  Cope  in 1864, the  species 
was placed in the  genus Agalychnis. I t  led a , spo t ty  h i s to ry  
of ~cransfer f rom Agalychnis to  Phyllomedusa unt i l  1968 
when  DUELLMAN proposed  its i ndependen t  generic s ta tus .  
Immunolog ica l ly  Pachymedusa a lbumin  appears  more  
d i s t an t  f rom P. trinitatus t h a n  any  species of Phyllo- 
medusa b u t  no t  qui te  as d i s t an t  as bo th  species of Nga- 
lychnis available for this  s tudy.  Thus  a t  the  molecular  
level Pachymedusa's generic s ta tus  is also justified. The 
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Comparison of Phyllomedusa trinitatus albumin with the albumins of 
representative hylid frogs 

Species tested Immunological distance 

Phyllomedusinae 
Phyllomedusa tarsius ~ 6 
P. guttata 49 
P. palliata 56 
P. bucklei 58 
P. lemur 61 
Pachymedusa dachnicolor 127 
Agalychnis callidryas 153 
A. annae 163 

Amphignathontinae 
Gastrotheca riobambae > 200 
Anotheca spinosa b > 200 

Hylinae 
Hyla regilla 172 
H. chrysoscelis 145 
H. arbores (Japan) 152 
H. arbores (France) 155 
Pseudacris triseriata 170 
P. nigrita 175 
Litoria aurea 170 
L. booroolongensis 180 
L. caerulea 180 
L. verreauxii 176 
Trachycephalus iordani 178 

Formerly P. edentula. W. E. DUELLMAN, Herpetologica 30, 105 
(1974); b This species has been shown to be a Hyline frog (MAXSON, 
in press). 

large d i s t ance  to  b o t h  species of Agalychnis  is s imi lar  to  
t h a t  seen be tween  hy l ine  a n d  a m p h i g n a t h o d o n t i n e  sub-  
families.  If  Phyl lomedusa  were erec ted  to famil ia l  s ta tus ,  
t h e n  Agalychnis  should  be  cons idered  a sepa ra te  sub-  
f ami ly  of th i s  new family.  Th i s  would  no t  be  in confl ic t  
w i t h  the  t r a d i t i o n a l  a n a t o m i c a l  and  b e h a v i o r a l  i n fo rma-  
t ion  ava i l ab le  on b o t h  of these  genera.  Before  more  de- 
f ini te  molecu la r  conclus ions  can  be  made,  however ,  ad-  
d i t iona l  an t i s e r a  would  be needed  to b o t h  Pachymedusa  
and  Agalychnis .  

The  ave rage  d i s t ance  of Phyl lomedusa  tr ini tatus a l b u m i n  
to a l b u m i n s  of b o t h  a m p h i g n a t h o d o n t i n e  a n d  hy l ine  frogs 
is n e a r l y  as large or larger  t h a n  t he  d i s t ance  seen b e t w e e n  
Phyl lomedusa  a n d  Agalychnis  a lbumins .  This  reinforces  
t he  sugges ted  e l eva t i on  to  famil ia l  s t a t u s  of t h e  Phy l lo -  
medus inae .  The  ave rage  d i s tance  to A u s t r a l i a n  Li tor ia  is 
175 un i t s .  This  ind ica tes  t h e r e  is n o t  a close phy l e t i c  re- 
l a t i onsh ip  be tween  Phyl lomedusa  and  Li tor ia  as sugges ted  
b y  Bagnara  and  Ferris  v. R a t h e r  the  fac t  t h a t  some species 
of Litor ia  and  t he  phy l lomedus ines  h a v e  similar ,  u n u s u a l  
m e l a n o s o m e  s t r u c t u r e  a n d  p i g m e n t  m a y  be  due to con- 
vergence  or to  r e t e n t i o n  of an  ances t r a l  cond i t ion  in these  
d i f fe ren t  phy le t i c  lines. Tests  w i t h  an t i s e r a  to  represen-  
t a t i v e  hyl ines  show t h a t  A u s t r a l i a n  Li tor ia  and  A m e r i c a n  
by l ines  d iverged  some 60 mil l ion years  ago 1. whereas  
phy l lomedus ine  frogs d iverged  f rom the  ances to r  g iv ing 
rise to  t he  hyl ines  a b o u t  100-110 mil l ion years  ago, long 
before  t he  d ive rgence  of t he  A u s t r a l i a n  and  A m e r i c a n  
hyl ines .  Phy logene t i c  analys is  of t he  Hy l idae  s showed  
Li tor ia  to  be a m e m b e r  of t he  hy l ine  assemblage  of frogs 
and  ti le P h y l l o m e d u s i n a e  to be  c tad is t ica l ly  r e m o t e  f rom 
the  hy l ine  species. This  would  sugges t  t he  unusa l  me lano-  
some s t r u c t u r e  a n d  p i g m e n t s  arose i ndependen t ly .  

A d d i t i o n a l  s tud ies  w i t h  an t i s e r a  to  r e p r e s e n t a t i v e  hy l id  
and  bu fon id  species i nd ica t ed  phy l lomedus ine  and  hyl id  
a l b u m i n s  are more  d i f fe rent  f rom one  a n o t h e r  t h a n  are 
hy t id  a n d  bu fon id  a l b u m i n s - b u f o n i d  species be long ing  to 
a s epa ra t e  family.  The  ave rage  phy l l omedus ine  - hy l ine  
d i s t ance  is 170 immuno log i ca l  d i s t ance  u n i t s ;  t he  ave rage  
hy l ine  - Bu/o  d i s t ance  is 155 un i t s  and  t he  ave rage  phyl lo-  
medus ine  - Bu[o dis tance  is 196 immuno log ica l  d i s t ance  
un i t s  15. Therefore ,  a t  t he  molecu la r  level, t h e  Neot rop ica l  
leaf frogs a p p e a r  more  d i s t i nc t  f rom hy l ine  frogs t h a n  t he  
l a t t e r  are f rom bufon id  species, m e m b e r s  of an  indepen-  
d e n t  family.  Thus  t he  phy l lomedus ine  frogs also deserve  
i n d e p e n d e n t  fami l ia l  s t a tu s  in the  supe r f ami ly  Bufonoidea ,  
a long w i t h  the  Hyl idae  and  Bufonidae .  

1~ L. R. MAXSON, V. M. SARICH and A. C. WILSON, Nature, Lond. 255, 
397 (1975). 
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Summary .  Te trahymena size d i s t r i bu t i on  d u r i n g  t he  cell cycle was ana lyzed  b y  means  of r a d i o a u t o g r a p h y  w i t h  t he  
aid of a sonic-digi t izer ,  a n d  a compute r .  T he  s t u d y  d e m o n s t r a t e s  t h a t  as t he  o rgan i sm ages and  passes  t h r o u g h  the  
var ious  cell cycle phases  tile v o l u m e  d i s t r i bu t i on  of t he  o rgan i sms  in each  phase  r ema ins  lognormal .  

The  vo lume  d i s t r i b u t i o n  of a n  exponen t i a l l y  pro l i fe ra t -  
ing Tetrahymena pyr i /ormis  p o p u l a t i o n  exh ib i t s  a typ ica l  
p a t t e r n .  Be ing  skewed to t he  r i g h t  t he  d i s t r i b u t i o n  is bes t  
descr ibed b y  t he  lognorma l  f r equency  func t ion  in which  
the  l o g a r i t h m  of t he  vo lume  is n o r m a l l y  d i s t r ibu ted .  This  
obse rva t ion  ha s  a l r eady  b e e n  a d e q u a t e l y  d o c u m e n t e d  b y  
va r ious  me thods .  Tetrahymena shapes  we re  m e a s u r e d  
microscopica l ly  (JAMES ~, SCI~ER]3AOI~ e t  aI. a, SUMMErs*), 
or w i t h  t he  aid of a Coul te r  C oun t e r  (SCHMIDh'6). These  
me thods ,  however ,  do n o t  f u r n i s h  i n f o r m a t i on  u p o n  the  

v o l u m e  changes  of t he  o rgan i sm as i t  passes  t h r o u g h  the  
va r ious  phases  of t he  life cycle. The  p r e s e n t  s t u d y  de- 
m o n s t r a t e s  c lear ly  t h a t ,  even  in t he  va r ious  cell cycle 
phases  k n o w n  as G 1, S and  Gz, v o l u m e  d i s t r i b u t i o n s  in a 
loga r i thmicMly  p ro l i fe ra t ing  p o p u l a t i o n  are lognormal .  
To ach ieve  th i s  objec t ive ,  a nove l  m e t h o d  for  the  s t u d y  of 
cell shapes  w i t h  a compu te r i z ed  digi t izer  was  ut i l ized.  

Mater ia ls  and methods. Te trahymena pyr i /ormis  m a t i n g  
t y p e  I (WH6) of Syngen  I (Amer ican  t y p e  cu l tu re  col- 
lection) were g rown axenica l ly  a t  27~ fol lowing t he  


