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re l a t ed  in s t r u c t u r e  to  the  fa rnesy l  m e t h y l  e the r  used in 
severa l  s tudies  w i t h  pos i t ive  resu l t s  on cockroaches2,  7, s, 
showed t he  lowest  a c t i v i t y  of all  subs t ances  examined .  The  
a c t i v i t y  of al l  a r o m a t i c  c o m p o u n d s  t e s t ed  was also rela- 
t ive ly  low ~. 

I n  s u m m a r y ,  t he  cockroaches  seem to  m a i n t a i n  sens i t iv-  
i ty  to  j uveno ids  for a longer  p o r t i o n  of t he  las t  l a rva l  
i n s t a r  t h a n  m a n y  o the r  H e m i m e t a b o l a .  T he  l a rva l  
d e v e l o p m e n t  m a y  be  p ro longed  cons ide rab ly  b y  r epea t ed  
app l i ca t ions  of juvenoids .  N. cinema r e sponds  to  d iverse  
juveno ids  b u t  t h e i r  ac t iv i t i e s  differ  severa l  t h o u s a n d  

t i m e s .  

Zusammen/assung. 1Vfit 18 a n  L a r v e n  der  Schabe  
Nauphoeta cinerea ge te s t e t en  J H A  w u r d e n  Juven i l i s a -  
t ionsef fek te  erzielt .  Das  l e tz te  L a r v e n s t a d i u m  ist  w/~hrend 
85 % der  S t a d i e n d a u e r  sensi t iv .  F r i sch  geh~u te t e  Tiere  rea-  
gieren s u c h  auf  das  L 6 s u n g s m i t t e l  (Aceton) allein.  D u r c h  

wiederho l te  A p p l i k a t i o n  yon  J H A  k 6 n n e n  m i n d e s t e n s  
3 zusgtz l iche L a r v e n s t a d i e n  e rzeug t  werden,  die sich zu 
I m a g i n e s  m i t  a b n o r m  l angen  Fl i igeln  hgu ten .  

WAFAA RADWAN 10 a n d  F. SEHNAL 11 

Entomological Institute, Czechoslovak Academy o] 
Sciences, No Folimanee 5, CS-72000 Praha 2 
(Czechoslovakia), 79 October 1973. 

8 }:j[. EMMERICH and R. H. BARTH, JR., Z. Naturforsch.  23b, 1019 
(1968). 

9 W. J. BELL and R. H. BARTH, JR., J. Insec t  Physiol .  16, 2303 
(1970). 

10 Permanent address: Department of Entomology, Faculty of 
Science, Ain-Shams University, Cairo, Egypt. 

n We acknowledge with many thanks the critical reading of the 
manuscript by Dr. V. J. A. NovAK. 

Reduction of Biochemical Polymorphisms in Honeybees (Apis meUifica) 
For  severa l  years  e lec t rophores is  has  been  ex tens ive ly  

used for t he  s t u d y  of i sozyme p o l y m o r p h i s m s  in m a n y  
d i f fe ren t  organisms.  A grea t  n u m b e r  of p o l y m o r p h i c  loci 
ha s  been  de tec ted  in d i f fe ren t  an ima l s  t h r o u g h o u t  t h e  
a n i m a l  k ingdom.  The  s t u d y  of b iochemica l  p o l y m o r p h i s m s  
in honeybees  (Apis melli[ica) pre sen t ed  here,  was to 
d e t e r m i n e  if t h e i r  genet ic  s y s t e m  of pa r thenogenes i s  has  
an  i m p a c t  on  t h e  pe rcen t age  of p o l y m o r p h i c  loci p r e sen t  
in t h e  popu la t ion .  T he  enzym es  m a l a t e  d e h y d r o g e n a s e  
(MDH), p h o s p h o g l u c o m u t a s e  (PGM) and  es terase  were 
tes ted .  T h e y  are k n o w n  to  be  p o l y m o r p h i c  in o the r  
species 1-a. 

F o r  e lec t rophores is  t i s sue  e x t r a c t s  were m a d e  of en t i r e  
t h o r a x  muscles  (MDH, PGM) f rom i n d i v i d u a l  workers  and  
drones.  T h o r a x  muscles  of workers  were homogen ized  
in 0.2 ml  of d is t i l led  water ,  of d rones  in 0.5 ml  of d is t i l led  
wa te r  a n d  t h e n  cen t r i fuged  a t  30,000 g for 20 min.  The  

Reduction of biochemical polymorphisms in honeybees (Apis 
mellilica) 

Colonies Enzymes 

PGM MDH Esterase 

A. melli/ica carnica 

from Frankfurt hives 1 24W 24D 12W 12D 12W 12D 
2 13W I l W  16W 7D 
3 54W 52D 21W 17D 
4 12W 12D 12W 12D 27W 36D 

from Munich hives 5 22W 24D 22W 24D 21W 9D 
6 61W 55D 12W 12D 12W 12D 
7 12 W 10 W 
8 10W 6W 
9 12W 

10 12W 
11 6W 5W 

A. mellificaHg~stica 12 12 W 12 W 12 W 
A. mellifica caucasica 13 12 W 12 W 9 W 
A. mellifica fascists 14 12 W 12 W 10 W 

w, workers; D, drones. 

clear s u p e r n a t a n t  mate r ia l ,  wh ich  h a d  a p ro t e in  c o n t e n t  
of 25 mg/ml ,  was  used for e lec t rophores is  on  cellulose 
ace t a t e  s t r ips  ( 8 x 8  cm). H a e m o l y m p h  samples  were 
t a k e n  f rom the  dorsa l  vessel  of i n d i v i d u a l  bees  and  used 
d i rec t ly  for e lec t rophore t i c  s epa ra t i on  of esterase,  Elec- 
t rophores i s  was  car r ied  ou t  for all  enzymes  in a S h a n n o n  
Unive r sa l  a p p a r a t u s  a t  + 5 ~ 

Mala te  dehyd rogenase  --  5 txl of t he  t issue e x t r a c t  were 
appl ied  to t h e  gel-s t r ips  a n d  e lec t rophores i s  was  con- 
d u c t e d  a t  8 mA/240  V for 30 ra in  us ing  a 0.1 M verona l -  
N a  buf fe r  (pH 8.4). Fo r  e n z y m e  de tec t ion ,  t he  s t r ips  were 
i n c u b a t e d  in  t he  da rk  a t  37~ in a so lu t ion  of 0.2 M 
I)L-malic acid, 0.001 M D P N ,  0.000163 M p h e n a z i n e  
me thosu l fa t e ,  0.00043 M N B - t e t r a z o l i u m  and  0.05 M tris 
(ph 7.0). Fo r  t he  r eac t i on  m e c h a n i s m ,  see BRXWER% 

P h o s p h o g l u c o m u t a s e  --  5 tzl of t he  t i ssue  e x t r a c t  were 
appl ied  to  t he  s t r ips  a n d  e lec t rophores i s  pe r fo rmed  a t  
7 mA/100  V for 80 ra in  us ing  a 0.1 M tris-maleic acid 
buffer  (ph  7.6). F o r  s t a in ing  t he  s t r ips  were i n c u b a t e d  a t  
37~ in t h e  d a r k  in a so lu t ion  of 0.0046 M glucose- l -  
p h o s p h a t e ,  0.01 M MgC%, 0.0012 M T P N ,  0.00033 M 
p h e n a z i n e  m e t h o s u l p h a t e ,  0.00024 M MTT- t e t r azo l i um,  
0.075 m g  G-6-PD/100  ml  s t a in ing  so lu t ion  and  0.03 M 
Iris (ph 8.0). 

g s t e r a s e  - 3 ~zl of h a e m o l y m p h  were appl ied  to t he  s t r ips  
a n d  e lec t rophores i s  pe r fo rmed  a t  7 mA/150  V for 30 ra in  
us ing  a 0.3 M bor ic  acid buf fe r  (pH 8.0). Fo r  e n z y m e  
de tec t ion  t he  s t r ips  were i n c u b a t e d  a t  r oom t e m p e r a t u r e  
in  t he  fol lowing s t a in ing  m i x t u r e :  0.006 M ~ - n a p t h y l  
ace ta te ,  200 m g  Blue  RIR sal t /100 ml  s t a in ing  so lu t ion  and  
0.08 M tris (pH 7.0) 8. 

Bees f rom 14 d i f fe ren t  h ives  were s tudied,  inc lud ing  
4 d i f fe ren t  races of Apis  melli/iea (see Table) .  All  bees  
p roved  to he  m o n o m o r p h i c  for  t he  3 enzymes ,  showing  t he  
same  b a n d i n g  p a t t e r n  in workers  a n d  drones  of all  
colonies:  1 b a n d  of e n z y m e  a c t i v i t y  was de tec ted  for 
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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 


