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M D H  a n d  esterase,  2 b a n d s  for  PGM. Th i s  resu l t  was  no t  
to  be expec ted  cons ider ing  t he  f r equen t  e lec t rophore t i c  
v a r i a n t s  of enzymes  found  in o t h e r  organisms.  

I f  c o m p a r e d  to o the r  species, t he re  seem to  be fewer 
p o l y m o r p h i c  loci in  t he  honeybee .  W h a t  m a y  be  t he  
e x p l a n a t i o n  for t h i s  r e d u c t i o n  ? I t  is k n o w n  t h a t  p a r t h e n o -  
genet ic  r ep roduc t i on  should  genera l ly  lead to  a r educ t i on  of 
genet ic  va r i ab i l i t y .  However ,  t h e  enzym es  of t h e  p a r t h e n o -  
gene t ica l ly  r ep roduc ing  Daphnia magna h a v e  been  shown  
to be as p o l y m o r p h i c  as those  of o t h e r  species 7. H o n e y -  
bees, on  t he  o the r  h a n d ,  h a v e  a special  p a r t h e n o g e n e t i c  
sys tem w i t h  he t e rozygous  workers  and  hemizygous  
d rones  (in D a p h n i a  males  are  diploid) .  T he  fac t  t h a t  all  
genes are  u n d e r  se lect ion in t h e  ma les  ha s  to  lead to  a 
r e d u c t i o n  in va r i ab i l i ty .  Also, one of t he  a d v a n t a g e s  of 
polTCmorphism, n a m e l y  t he  he t e ro t i c  effect, is los t  for 
p a r t  of t he  popu la t ion .  

A n o t h e r  r eason  for t he  r e d u c t i o n  could be c o n s t a n c y  
of t he  e n v i r o n m e n t ,  for bees  r egu la te  t he  t e m p e r a t u r e  
e x t r e m e l y  well  w i t h i n  t he  h ive  a n d  also t he  feeding of t he  
larvae.  B u t  i t  h a s  been  shown  t h a t  an i m a l s  l iv ing  in 
p r e s u m a b l y  c o n s t a n t  e n v i r o n m e n t s ,  l ike deep-sea  a n i m a l s  
a n d  coralree~ clams,  h a v e  t he  same a m o u n t  of poly-  
morph i c  loci as o the r  species s,9. Therefore  i t  seems 
l ikely t h a t  t h e  he t e rozygous -hemizygous  sys t em of hon -  

eybees,  enforced  b y  cons t an t ,  well  r egu la ted  cond i t ions  
d u r i n g  deve lopmen t ,  and  a d u l t  life is necessa ry  to  p r o d u c e  
t h e  obse rved  absence  in i sozyme po lymorph i sms .  

Zusammen/assung. E l e k t r o p h o r e t i s c h e  U n t e r s u c h u n g e n  
zum E n z y m p o l y m o r p h i s m u s  de r  H o n i g b i e n e  (Apis  
melli/ica) ergaben,  dass  alle u n t e r s u c h t e n  Ind iv iduen ,  
Tiere  aus  4 Rassen ,  m o n o m o r p h  fiir Ma la tdehyd rogenase ,  
Es te rase  u n d  P h o s p h o g l u c o m u t a s e  waren .  
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Chromosomes  and DNA of the Ambystomato id  Salamanders 

The  S a l a m a n d e r s  (Amphib ia ,  Cauda ta )  of t he  famil ies  
A m b y s t o m a t i d a e  a n d  P l e t h o d o n t i d a e  are o f t en  assoc ia ted  
in t h e  subo rde r  A m b y s t o m a t o i d e a  1'2; t he  smal l  paedo-  
genet ic  f a m i l y  A m p h i u m i d a e  ( former ly  inc luded  in  t he  
S a l a m a n d r o i d e a  3) a ppea r s  to  show var ious  aff in i t ies  w i t h  
one of t he  p reced ing  famil ies  4,5. Indeed ,  t h e  m e m b e r s  

s tud ied  of t h e  3 famil ies  - u n i q u e  w i t h i n  t he  o rder  - h a v e  
t h e  same  dip lo id  n u m b e r  of 28 c h r o m o s o m e s  w i t h  t h e  
excep t ion  of t he  a m b y s t o m a t i d  Rhyacotriton a n d  some 
bol i togloss ine  P l e t h o d o n t i d s  (wi th  2 n  ~ 26) 6 9. 

W e  p r e s e n t  here  new c o m p a r a t i v e  d a t a  on t h e  ch romo-  
somes a n d  t he  nuc lea r  D N A  a m o u n t s  in  7 species of 

Taxonomic position Diploid number Nuclear DNA amount (pg/N) Reference in the Figure 

Family Arnbystomatidae 
Subfamily: Ambystomatinae 
Subgenus : Linguaelapsus 

A mbystoma texanum 
A mbystoma annulatum 
Subgenus : A mbystoma : 
The maculatum group : A mbystoma maculatum 

A mbystoma macrodactylum 
The opacum group : A mbystoma opacum 

A mbystoma talpoideum 
The tigrinum group : A mbystoma tigrinum 

28 48 A 
28 50 13 

28 52 C 
28 52 D 
28 48 E 
28 62 F 
28 55 G 

Family: Amphiumidae A mphiuma~ means 28 150 H 

Family: Plethodontidae 
Subfamily: Desmognathinae Desmognathus ]uscus 28 
Subfamily: Plethodontinae 
Tribe : Hemidaetyliini : Gyrinophilus danielsi 28 
Pseudotriton tuber 28 
Eurycea lucijuga 28 
Tribe: Plethodontini : Plethodon cinereus 28 
Ensatina eschscholtxii 28 
A neides aeneas 28 
Tribe: BolitoglosNni : Batrachoseps attenuatus 26 

30 I 

44 
49 
41 
46 
84 
86 
84 

J 
K 
L 
M 
N 
O 
P 
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Ambystoma, ii~ Amph iuma  means a n d  in 8 species of 
P I e t h o d o n t i d s  be long ing  to t h e  m a i n  t a x o n o m i c  sub-  
d iv is ions  of t h i s  family .  The  ch romosomes  h a v e  been  
o b t a i n e d  f rom in t e s t i na l  a n d  spe rma togon i a l  m e t a p h a s e  
pla tes ,  whi le  t h e  q u a n t i t a t i v e  r epor t s  on  t he  nuc lea r  D N A  
in p icograms  pe r  nuc leus  (pg/N) h a v e  been  m e a s u r e d  b y  
h i s t o p h o t o m e t r i c a l  m e t h o d s  on  Feu lgen - s t a ined  b lood  
smears  ~0. W e  h a v e  followed t he  sys t ema t i c s  p roposed  for 
t he  A m b y s t o m a t i d s  b y  TIHEN 11 a n d  for t h e  P l e t h o d o n t i d s  
b y  WAIVE2; t h e  species s tudied,  t h e i r  c h r o m o s o m e  
n u m b e r s  a n d  nuc lea r  D N A  a m o u n t s  are l i s ted  in t h e  
Table ,  whi le  t h e  k a r y o t y p e s  of each  species are r ep r e s en t ed  
in t h e  Figure.  

W i t h  t he  excep t ion  of t he  bol i togloss ine  Batrachoseps 
all  t he  species h a v e  2 n  = 28 a n d  b i - a r m e d  ch romos o mes  
(save t he  3 smal les t  pa i r s  of A neides which  are acrocentr ic) .  
In te rspec i f ic  differences  in  c h r o m o s o m e  m o r p h o l o g y  a t  
b o t h  in t r a -  and  in te r - fami l i a l  levels are genera l ly  smal l  
a n d  no t  a lways  in a g r e e m e n t  w i t h  t h e  p roposed  sys tem-  

a t ics ;  however ,  karyologica l  d a t a  s u p p o r t  t h e  r ecen t  
h y p o t h e s e s  of close phy le t i c  r e l a t ionsh ips  b e t w e e n  the  
A m b y s t o m a t i d s  a n d  t h e  P l e t h o d o n t i d s  ~,2 a n d  are in  
f a v o u r  of t h e  inc lus ion  of t h e  A m p h i u m i d s  in t h e  same  
subo rde r  A m b y s t o m a t o i d e a :  ac tua l ly ,  Amph iuma  means 
is karyologica l ly  a lmos t  i nd i s t i ngu i shab l e  f rom some 
A m b y s t o m a t i d s  a n d  P l e t h o d o n t i d s  (Figure).  

As regards  t h e  nuc lea r  DNA,  Amphiuma,  w i t h  a b o u t  
150 pg/N,  has  larger  a m o u n t s  t h a n  t h e  o the r  species 
s tud ied  here,  t h u s  be ing  s imilar ,  in  t h i s  q u a n t i t a t i v e  
cha rac te r ,  to  o the r  paedogene t i c  S a l a m a n d e r s  (families 
C r y p t o b r a n c h i d s ,  P ro te ids  a n d  Sirenids)  9,10,1~. The  
in t r a f ami l i a l  v a r i a b i l i t y  in  t h e  D N A  a m o u n t s  seems 
genera l ly  h ighe r  in  t h e  P l e t h o d o n t i d s  t h a n  in t h e  Arn- 
b y s t o m a t i d s ;  however ,  we h a v e  m e a s u r e d  a b o u t  99 pg /N  
of D N A  in some t r ip lo id  A mbystoma of t h e  ~ef/ersonianum 
complex  ~. A m o n g  P l e thodon t id s ,  bes ides  Batrachoseps 
which,  l ike o the r  Boli toglossini ,  seems largely  in f luenced  
b y  p a e d o m o r p h i c  effects 2, also some n o n - p a e d o m o r p h i c  
diploid  P l e t h o d o n t i n i  (Ensatina, A neides) h a v e  m u c h  more  
D N A  t h a n  t h e  r e l a t ed  (bu t  more  general ized)  Ple}hodon, 
t he  D e s m o g n a t h i n a e  an d  t h e  H e m i d a e t y l i i n i  (Table) ; t h e  
q u a n t i t a t i v e  d i f f e ren t i a t ion  in t h e  nuc l ea r  D N A  of t h i s  
f ami ly  seems the re fore  to  h a v e  been  cor re la ted  w i t h  
o the r  fac tors  besides  p a e d o m o r p h o s i s  (and i ts  h igher  
expression,  paedogenesis)  a n d  t h e  degree of p lo idy  ~4-t6. 

Riassunto. La no tevo le  somig l i anza  car iologica fra 
se t te  specie di A m b y s t o m a t i d i ,  u n a  di A m p h i u m i d i  e o t to  
di P l e t h o d o n t i d i  g in  fav'ore de l l ' ipo tes i  di  u n a  inclus ione 
delle t r e  famigl ie  nello stesso s o t t o r d i n e  ( A m b y s t o m a t o i -  
dei). F r a  i P l e thodon t id i ,  ci sono va r i az ion i  nel  c o n t e n n t o  
di  D N A  nucleare  che n o n  s e m b r a n o  correlate ,  come 
a v v i e n e  in a l t r i  Urodel i ,  con f enomen i  di pedomorfos i  o 
col grado di ploidia .  
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The karyotypes of the 7 species of Ambystoma (A-G), of Amphiuma 
means (H) and of the 8 Plethodontids (l-P) here studied; for more 
precise references, ef. Table. The scale (bottom right) is 20 gin. 
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