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A f t e r  L S D  9, t h e  o b s e r v e d  d e c r e a s e  in  m e a n  E E G  in-  
t e g r a t e d  v a l u e s  ( p r o p o r t i o n a l  to  t h e  s t a n d a r d - d e v i a t i o n  
o f  B E G  o v e r  t h e  20 sec  i n t e g r a t i o n  epoch)  a n d  in  v a r i a b i l -  
i t y  c o e f f i c i e n t  c o m p u t e d  b e t w e e n  i n t e g r a t e d  v a l u e s  (in- 
v e r s e l y  p r o p o r t i o n a l  to  t h e  s i g n a l - t o - n o i s e  r a t i o  ~~ con-  
f i r m s  t h e  p r e s e n t  f i n d i n g s  of  s i g n a l - t o - n o i s e  i nc r ea se .  T h i s  
w o u l d  i n d i c a t e  n o t  o n l y  a n  i n c r e a s e  in  s i g n a l  e i f ec t s ,  
e s p e c i a l l y  d u r i n g  c o n t r a l a t e r a l  s t i m u l a t i o n ,  b u t  a lso  a 
d e c r e a s e  in  b a c k g r o u n d  E E G  a c t i v i t y  t a k e n  as  a no i s e  
i n d i c a t o r .  

9 L. GOLDSTEIN and R. A. BECK, Int. Rev. Neurobiol. 8, 265 (1965). 
10 p. R. ETEVE~ON, G. GUILLON, J. R. BOISSIER, Agressologie, 70, 641 

(1969). 

Rdsumd. L ' a d m i n i s t r a t i o n  de  L S D  a u g m e n t e  les e f f e t s  
de  la  s t i m u l a t i o n  c o n t r a l a t 6 r a l e ,  la  l a t 6 r a l i s a t i o n  e t  le 
r a p p o r t  s i g n a l - s u r - b r u i t .  Ces  r 6 s u l t a t s  s o n t  en  a c c o r d  a v e c  
le m o d ~ I e  de  f o n c t i o n n e m e n t  c6 r6b ra l  cons id6 r6  c o m m e  
u n  d 6 t e c t e u r  c o h 4 r e n t  en  para l l~ le .  
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The Role of Melanoblasts in Melanophore Pattern Polymorphism of Xiphophorus (Pisces, Poeciliidae) 

Spec ie s  a n d  spec i e s  h y b r i d s  in  t h e  g e n u s  Xiphophorus  
( w h i c h  i n c l u d e s  Platypoecilus) m a y  d e v e l o p  p i g m e n t  cel l  
p a t t e r n s ,  w h i c h  c o n s i s t  of  e x t r e m e l y  v a r i e d  n u m b e r s  of  
m a c r o m e l a n o p h o r e s .  T h e s e  c a n  b e  c o r r e l a t e d  to  t i le  
g e n e t i c  c o n s t i t u t i o n  of a n  a n i m a l  1,2. S i nce  m e l a n o -  
p h o r e s  a,4 a n d  m e l a n o c y t e s  4 a r e  r a r e l y ,  if ever ,  o b s e r v e d  
in  d i v i s i o n  s t a g e s ,  one  m u s t  s u p p o s e  t h a t  g e n e s  i n f l u e n c -  
i n g  m e l a n o p h o r e  n u m b e r s  a c t  a t  a n  ea r l i e r  l eve l  of  p ig-  
m e n t  cel l  d i f f e r e n t i a t i o n .  T h e r e f o r e ,  m e l a n o b l a s t  4 d e n -  
s i t i e s  in  a d u l t  a n i m a l s  of  d i v e r s e  g e n o t y p e s  5 f r o m  p u r e  
s p e c i e s  a n d  f r o m  s p e c i e s  c r o s s e s  h a v e  b e e n  s t u d i e d .  F o r  
p r a c t i c a l  r e a s o n s ,  c o u n t s  we re  r e s t r i c t e d  to  m e l a n o b l a s t s  
w h i c h  a r e  a t t a c h e d  to  sca les .  B e c a u s e  of  t h e  h e t e r o g e n e i t y  
of  d i s t r i b u t i o n ,  o n l y  m a x i m a  6 a n d  m i n i m a  6 a r e  g i v e n  in  
t h e  T a b l e .  

T h e  r e l a t i o n s h i p  b e t w e e n  g e n o t y p e s  a n d  m e l a n o b l a s t  
d e n s i t i e s  is c o n s i d e r e d  b a s e d  a t  f i r s t  o n  t h e  m a m m a l  
v a l u e s ,  s i n c e  it has b e e n  d e t e r m i n e d  that a v e r a g e  n u m -  
b e r s  for  w h o l e  a n i m a l s  g e n e r a l l y  a p p r o a c h  t h e m .  D e n s i t i e s  
of  a b o u t  200 m e l a n o b l a s t s  p e r  m m  2 ( F i g u r e  1) a r e  f o u n d  
in  m e m b e r s  of  p u r e  s p e c i e s  (see 1-3 ,  5, 6, 10, 11 in  t h e  
T a b l e )  as  we l l  a s  in  h y b r i d s  of  d i f f e r e n t  g e n o t y p e s  (see 
12-14 ,  16 -18  in  t h e  T a b l e ) .  T h e  p h e n o t y p e s  w i t h i n  t h i s  
g r o u p  v a r y  e x t r e m e l y ,  f r o m  a n i m a l s  b e a r i n g  no  m a c r o -  
m e l a n o p h o r e  s p o t s  (see 1, 3, 14, 17 in  t h e  T ab l e )  t o  

m e l a n o m a  or  p r e m e l a n o m a  b e a r i n g  a n i m a l s  (see 12, 13 
in  t h e  Tab l e ) .  F r o m  t h e s e  c o u n t s  t h e r e  s e e m s  to  be  no  
c o r r e l a t i o n  b e t w e e n  t h e  n u m b e r  of  d e t e c t a b l e  m e l a n o -  
b l a s t s  a n d  t h e  m e l a n o p h o r e  p r o m o t i n g  c o n s t i t u t i o n  of  a 
g e n o t y p e ,  t h e  d e g r e e  of w h i c h  is i n d i c a t e d  b y  m o r e  o r  less  
e x t e n d e d  m e l a n o p h o r e  c o n c e n t r a t i o n s .  

A d d i t i o n a l  r e s u l t s  m u s t  be  t a k e n  i n t o  c o n s i d e r a t i o n  for  
c a se s  of  l ower  m a x i m a  (see 4, 7 -9 ,  15 i n  t h e  Tab l e ) ,  w h i c h  
s e e m  n o t  to  a g r e e  w i t h  t h i s  g e n e r a l  c o n c l u s i o n .  A c t u a l l y ,  
a l l  n u m b e r s  g i v e n  h a v e  to  be  r e g a r d e d  as  m i n i m a l  c o u n t s  
on ly .  

i Review F. ANDERS, Experientia 23, 1 (1967). 
C. D. ZANDER, Mitt. Hamburg.  Zool. Mus. Inst. 66, 241 (1969). 

8 Discrimination between micro- and macromelanophores is not 
necessary, when used in this context. See C. BECKER-CARIJS, 
Sber. Ges. naturf. Freunde Berl., N. F. 5, 136 (1965). 

4 Nomenclature from A. LEVENE, V. J. McGov~RN, Y. MISHI.:UA 
and A. G. OETTLE, in Structure and Control o] the Melanocyte 
(Ed. G. DELLA PORTA and 0. M(~HLBOCK; Springer-Verlag, Berlin, 
Heidelberg, New York 1966), p. 1. 

a We are greatly indebted to Miss K. KLINKE for providing us with 
fish specimens. 

6 Maxima are normally found in the ventral ridge, tile back beneath 
the dorsal fin and the throat. Minima often occur in the region of 
the middle line. 

Fig. 1. Dense concentration of melanoblasts (approximately 200/ 
mm ~) on scales in situ covering the belly of an adult X. hdleri/ 
maculatus hybrid. Each small dot represents one melanoblast (see 
insert), except in single cases of very small melanophores. (The whole 
fish was fixed 11 at 4~ for 2 h and rinsed thoroughly overnight. 
Dopa incubation n was done for 5 6 h with one change of solution 
after 1-2 h). • 20; insert • 

Fig. 2. Part  of a scale of X. heIleri before (left) and after Dopa incu- 
bation (right). 2 melanoblasts have been stained, 2 other ones 
(arrow) have remained colourless. Interference contrast, • 900. 
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No. Species or hybrid s Macrometanophore Melanoblasts per 1 mm 2 
Genes Maximum s Minimum s 

1 x .  helleri (Rio Lancetilla) - / -  250 100 
2 X.  helIeri (Rio Lancetilla) Sp / -  200 80 

3 X.  montezumae no manifestation 150 65 
4 X.  montezumae Sc/? 100 40 

5 X.  variatus Sr/Sr 170 70 
6 X. variatus Sr /P 200 100 

7 X.  xiphidium - / -  80 10 
8 X.  maeulatus Sd/Sd 80 40 
9 X.  maculatus sp /Sp  100 10 

10 X. maculatus Sd/Sr 180 10 
11 X. maculatus N / N  180 10 

12 F 1 (X. mac./hell.) Sd/ 250 100 
13 1 ~t backeross (X. mac., helL/hell.) Sd/ -  200 70 
14 1~* backcross (X. mac., helL/hell.) -/-- 185 40 

15 2 na backcross (X. mac., helL/hell.) Sd/ 80 20 
16 Albino 9, n th backeross to X hell. Sd/ 300 100 
17 Albino 9, n th backeross to X hell. - / -  300 130 

18 Golden 1~ backcross to hell. - / -  350 100 

Th i s  is, f i rs t  of all, d e m o n s t r a t e d  b y  me lanob la s t s ,  
wh i ch  do n o t  s t a i n  w i t h  dopa,  b u t  are de tec ted  in in ter -  
ference c o n t r a s t  (Figure  2). A second  o b s e r v a t i o n  was  
m a d e  in r eg en e ra t i o n  e x p e r i m e n t s ,  in wh ich  sk in  was  
r e m o v e d  to t h e  m u sc l e  layer.  In  all a n i m a l s  tes ted ,  w h ic h  
be longed  to v e ry  d i f fe ren t  geno types ,  m e l a n o b l a s t s  were 
de t ec t ed  on ly  5 d ay s  la te r  in c o n c e n t r a t i o n s  of 300 to 800 
per  m m  2 in r e g e n e r a t i n g  pa r t s .  Since d iv i s ion  s t ages  were 
no t  observed  an d  d i m i n u i t i o n  of m e l a n o b l a s t  n u m b e r s  in 
pe r iphe ra l  reg ions  of t he  f ishes  did no t  occur,  m e l a n o b l a s t s  
in r eg en e ra t i o n  t i s sues  h a v e  to b e  r ega rded  as be ing  t r u l y  
add i t i o n a l  to  those  wh ich  are n o r m a l l y  p r e sen t  in the  skin.  
F ina l ly ,  it  m u s t  be p o in t ed  ou t  t h a t  on ly  the  m a j o r i t y  of 
pe r iphe ra l  m e l a n o b l a s t s  is loca ted  on t he  scales.  

These  th ree  o b s e r v a t i o n s  lead to t he  conc lus ion  t h a t  t he  
ac tua l  n u m b e r  of m e l a n o b l a s t s  in a g iven  b o d y  region is 
a m i n i m u m ,  t h e  u p p e r  l imi t  of wh ich  c a n n o t  be  e s t ima t e d .  
Th i s  m e a n s  t h a t  t h e  a p p r o x i m a t e  ave rage  n u m b e r  of 200 
per  m m  2 for d i sposa l  ha s  n o t  a t  all been  exagge ra t ed .  

I t s  s igni f icance  becomes  obv ious  w h e n  t he  f ac t  is 
cons idered  t h a t  a m e l a n o b l a s t  can  d i f fe ren t i a te  to  a 
m a c r o m e l a n o p h o r e  of a b o u t  400 ~m in d iamete r .  If  all 
200 m e l a n o b l a s t s  in i m m  ~ would  do th is ,  t h e n  t h e y  would  
be a r r a n g e d  in a l ayer  25 m e l a n o p h o r e s  t h i c k  in t h a t  
l imi ted  area,  t h u s  c a u s i n g  n o t  on ly  a t o t a l l y  b l ack  b o d y  
region,  b u t  even  a c o m p a c t  p i g m e n t  cell mass .  T h a t  
m e a n s  t h a t  the  n u m b e r  of m e l a n o p h o r e  p recu r so r s  can  be 
regarded  as be ing  large e n o u g h  to  p e r m i t  m e l a n o p h o r e  
f o r m a t i o n  to  a l m o s t  a n y  degree of m e l a n o p h o r e  spo t  
ex tens ion .  E v e n  m e l a n o m a  d e v e l o p m e n t  could occur, 
inspire  of t h e  fac t  t h a t  d i f f e r en t i a t i on  of p i g m e n t  cells is 
u s ua l l y  p e r fo rm ed  only  to t h e  m e l a n o c y t e  s tageg.  

All t h i s  ind ica tes  t h a t  genes  in f luenc ing  t he  me lano -  
phore  p a t t e r n  do n o t  ac t  on t he  n u m b e r  of reservoi r  
me lanob la s t s .  I n s t e a d  t h e y  m u s t  d e t e r m i n e  t he  p r o p o r t i o n  
of m e l a n o b l a s t s  wh ich  con t i nue  the i r  d i f f e ren t i a t ion  to 
p i g m e n t  cells. If t h i s  gene  a c t i v i t y  were res t r i c ted  to a 
specific b o d y  region,  p a t t e r n  f o r m a t i o n  would  resu l t  f r om 
t h a t  ac t ion  of m a c r o m e l a n o p h o r e  genes  wh ich  would  
allow m e l a n o p h o r e  d i f f e ren t i a t ion  ou t  of a r a t h e r  a b u n -  

d a n t  reservoi r  of precursors .  There fo re  the re  seems  to  be 
no need to h y p o t h e s i z e  specific genes  or d i s t inc t  p a r t s  of  
a more  c o m p l e x  genet ic  u n i t  for m e l a n o p h o r e  n u m b e r  
o the r  t h a n  one w h ic h  d e t e r m i n e s  m e l a n o p h o r e  d i s t r ibu-  
t ion  ~2, ~. 

Z u s a m m e n / a s s u n g .  Bet X i p h o p h o r u s - A r t e n  u n d  -Art -  
b a s t a r d e n  w u r d e n  m i t  Hilfe  der D o p a - R e a k t i o n  A n z a h l  
u n d  Ver t e i l ung  y o n  M e l a n o b l a s t e n  u n t e r s u c h t .  Bei  Adul -  
t e n  wurden ,  u n a b h ~ n g i g  v o m  Geno typ ,  in der H a u t  sehr  
viele M e l a n o b l a s t e n . ( 2 0 0 / m m  2 u n d  mehr )  naehgewiesen ,  
dar i iber  h i n a u s  ze ig ten  R e g e n e r a t i o n s v e r s u c h e ,  d a s s  
dieses Rese rvo i r  noc h  v e r m e h r t  werden  ka nn .  D a n a c h  
wird a n g e n o m m e n ,  dass  die s o g e n a n n t e n  M a k r o m e l a n o -  
p h o r e n g e n e  ke inen  E in f l u s s  au f  die Zah l  der 3/Ielano- 
pho renvor l~u fe r  haben ,  sonde rn  ihre  ~Virkung aust iben,  
i n d e m  sic m i t b e s t i m m e n ,  wieviele  der  s t e t s  v o r h a n d e n e n  
s ich wei te rd i f ie renzieren .  
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7 This refers only to the distal part, which is ordinarily the only part 
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10 Phenotype characterized by reduction of melanophore numbers, 
formerly referred to as 'stippled'. See F. ANDERS, K; KLINKE and 
U. VI~LKIND, Biol. in unserer Zeit 2, 35 (1972). 
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