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2 ro t t ing  saguaros  abou t  70 m apa r t  were selected for the  
p re sen t  exper iment .  In  one of them,  abou t  3200 flies col- 
lected on 21 N o v e m b e r  1974 were marked  wi th  micron-  
ized red powder ,  f luorescent  to UV-l ight  (Helecon Fluo- 
rescen t  P igmen t s ,  US  Rad io  Corporat ion),  and released 
at  the  same place on the  same day.  Similarly, in t he  o the r  
cac tus  abou t  6200 flies collected s imul taneously ,  were 
marked  green and  released.  In  the  2 following days  a 
to ta l  of 274 D. nigrospiracula mat ing  pairs  were col lected 
and  scored b y  colour. This  makes  it possible to d is t inguish  
2 k inds  of flies in each site according to  the i r  colour. 
Flies found marked  w i t h  the  same colour used a t  t he  site 
of collection will be  considered n o n m i g r a n t  flies or 
res idents .  On the  o the r  hand ,  flies of d i f f e ren t  colour will 
be migrants .  A t  t he  same t ime,  a r a n d o m  sample  of flies 
was t aken  each d a y  a t  each site by  sweeping a ne t  over  
it. The resul ts  of these  collections on 2 consecut ive  days  
are shown in t he  table .  
The d i s t r ibu t ions  of u n m a r k e d  flies for ma t ing  and  ran-  
d o m  samples  were compared  (table) to de tec t  any  pos- 
sible effect  of mark ing  on the  ma t ing  behav ior  of the  
flies. A z~-test for h o m o g e n e i t y  (with Yates '  correct ion 
for cont inui ty)  a t  b o t h  sites gave nons igni f icant  resul ts  
and  indica tes  t h a t  we can take  the  marked  sample  of flies 
as r ep resen ta t ive  of t he  whole popu la t ion  at  each site. 
Most  in te res t ing  is the  d i s t r ibu t ion  of migran t s  compared  
to  the  d i s t r ibu t ion  of res idents  or n o n m i g r a n t  individuals .  
A t  t he  green site, m ig ran t  individuals  m a t e  more  fre- 
q u e n t l y  t h a n  res iden t  individuals .  The z2-test for homo-  
genei ty  (with Yates '  correct ion for cont inui ty)  is signifi- 

Distribution of numbers of marked and unmarked flies in mating and 
random samples collected at 2 natural breeding sites of Drosophila 
nigrospir acula 

Unmarked Marked 

Total Migrants Residents Total Ratio 
(M) (R) (M/R) 

Red site 
Mating sample 332 3 29 32 
Random sample 733 13 43 56 

Green site 
Mating sample 174 3 7 10 
Random sample 1043 2 45 47 

can t  (p < 0.05) a t  the  green site. However ,  no s ignif icant  
dev ia t ion  f rom homogene i ty  was found a t  the  red  s i te .  
I n  order  to  account  for the  low figures of the  table,  we 
have  also pe r fo rmed  o the r  s ta t i s t ica l  t e s t s  less conserva-  
t ive  t h a n  Z 2, name ly  G- tes t  and  F i sher ' s  exac t  t e s t  of 
independence .  The resul ts  are v i r tua l ly  the  same.  W i t h  
G-test ,  the  significance at  the  green site remains  high 
(0.05 < p < 0.10) and F i sher ' s  exac t  t e s t  gives a p roba-  
bi l i ty  of p = 0.031. We  do no t  know at  the  m o m e n t  the  
ac tua l  causes of th is  ma t i n g  advan t age  of migran t s  under  
cer ta in  c i rcumstances ,  bu t  we know t h a t  a minor i ty  
ma t ing  advan t age  has  been  found  among  popu la t ions  
and  s t ra ins  in several  casesL In the  last  co lumn of the  
table ,  we have  c o m p u t e d  the  ra t io  of migran t s  to  res idents  
for b o t h  ma t ing  and r a n d o m  individuals  a t  each site. I t  is 
clear t h a t  re la t ive  low n u mb er s  of mig ran t s  in the  r a n d o m  
popu la t ion  are associa ted wi th  h igh  relat ive n u mb er s  of 
mig ran t s  which  ac tua l ly  mate .  On the  o ther  hand ,  mi- 
g ran ts  seem to lose the i r  ma t ing  advan t age  when  t h e y  
are more  a b u n d a n t  in the  popula t ion .  This  suggests  a t ype  
of f r e q u e n c y - d e p e n d e n t  selection associated wi th  migra-  
t ion  which  will increase the  genet ic  f i tness of migran t s  
when  migra t ion  ra te  is ve ry  low. The consequences  of th is  
pecul iar  ma t i n g  behav ior  would be to  increase t h e  gene 
flow values  a t  low migra t ion  rates,  and  it will br ing  abou t  
a h igher  t h a n  expec ted  t e n d e n c y  to  genet ic  homogene i ty  
among  popula t ions  which  exchange ve ry  low n u mb er s  of 
individuals .  
We do no t  know at  t he  m o m e n t  w h e t h e r  the  actual  
causes of th is  ma t i n g  advan t age  under  low migra t ion  
ra tes  are due to  a t rue  h igher  ma t ing  ac t iv i ty  of mig ran t  
individuals  w i th  a genet ic  c o m p o n e n t  or to  a special 
recogni t ion sys tem a m o n g  subpopula t ions .  Migrant  selec- 
t ion  has  been ci ted as a means  of ma in ta in ing  genet ic  
p o l y m o r p h i s m  8 and has  been  d o c u m e n t e d  in Microtus 9. 
However ,  its exis tence in Drosophila has only  been 
inferred f rom some l abora to ry  s tudies  1~ The presen t  
work  is the  f i rs t  d i rect  evidence n of mig ran t  selection 
opera t ing  under  na tu ra l  condi t ions .  

7 C. Petit and L. Ehrman, Bull. Biol. d, 433 (1968). 
8 E.O. Wilson, Sociobiology. Harvard University Press, Boston 

0.103 1975. 
0.302 9 J .H .  Myers and C. J. Krebs, Ecol. Monogr. 41, 53 (1971). 

10 T. Narisse, Evolution 22, 301 (1969). 
0.429 11 J .S.  Johnston, working on the same species, has recently con- 
0.044 firmed that his results also suggest that frequency of mating in 

migrants is significantly higher than migration rate. 

Evidence  that  c h r o m a t o p h o r e s  of  c e p h a l o p o d s  are l inked  by  the ir  m u s c l e s  1 

Vreni  Froesch-Gaetz i  and  D. Froesch  3, 3 

Laboratoire Arago, t;-66650 Banyuls-sur-Mer (France), and Sektion Elektronenmikroskopie, Universittit Ulm, 
D-7900 Ulm (Federal Republic o/ Germany), 6 May  1977 

Summary. Ligh t  microscopy  of l iving skin and  e lec t ron microscopy  conf i rm the  hypo thes i s  t h a t  ch roma tophores  of 
cepha lopods  are l inked hor izonta l ly  by  the i r  muscles .  Ear l ier  physiological  evidence is discussed and  in te rpre ted .  

The s t ruc tu re  and  func t ion  of t he  cephalopod ch roma to -  
phore  organ is well unde r s tood  : expans ion  of the  p i g m e n t  
cell is m ed i a t ed  b y  a set  of radia l  muscles  and  con t rac t ion  
b y  the  ac t ion  of a cy toe las t ic  sac which  is located inside 
the  c h r o m a t o p h o r e  cell4-L 
Compared  to  our  knowledge  of individual  ch roma to -  
phores ,  l i t t le  i n fo rma t ion  is avai lable concern ing  the  
spat ia l  o rgan iza t ion  of an ensemble  of Chromatophores ,  
especial ly t he  morpho logy  of the i r  muscles 4. 

I t  was once bel ieved t h a t  the  ch roma tophore  muscles 
form a syncyt ia l  sys t em sur rounding  the  ch roma tophore  
cell, and  t h a t  the  dis ta l  ends of the  radial  f ibres are 
a t t a ch ed  to e i ther  s t r ands  of connec t ive  t issue s or skin 
muscles  9. Bozler  has  p roduced  convincing e v i d e n c e  
agains t  the  syncy t ia l  na tu re  of the  ch roma tophore  
muscles.  He d e m o n s t r a t e d  electrophysiological ly  t h a t  
each radial  f ibre is an indiv idual  cell, funct ioning  inde- 
p e n d e n t l y  of t he  ad j acen t  ones 1~ 
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T h e  c u r r e n t  v i e w  of  c h r o m a t o p h o r e  m u s c l e s  is e s s e n t i a l l y  
t h a t  o f  Boz le r ,  i .e. t h e  r a d i a l  m u s c l e  f i b r e s  a r e  s ing le ,  
u n b r a n c h e d  cells ,  w i t h  t h e  n u c l e u s  a t  t h e  p e r i p h e r y  of  t h e  
c h r o m a t o p h o r e  a n d  t h e  d i s t a l  e n d  s o m e  d i s t a n c e  a w a y  in  
t h e  c o n n e c t i v e  t i s s u e .  
I n  t h e  p r e s e n t  p a p e r  we  p r o d u c e  l i g h t  a n d  e l e c t r o n  
m i c r o s c o p i c  e v i d e n c e  t h a t  c h r o m a t o p h o r e  m u s c l e s  do  n o t  
e n d  b l i n d l y  (as s u g g e s t e d  t o  Boz le r ) ,  b u t  i n t e r c o n n e c t  
i n d i v i d u a l  c h r o m a t o p h o r e s .  
Materials and methods. B i o p s i e s  of  s k i n  of  a b o u t  1 c m  ~ 
w e r e  o b t a i n e d  f r o m  anaesthetized a n i m a l s .  T h e  s a m p l e s  
w e r e  p i n n e d  on  a w a x  p l a t e ,  s u r f a c e  d o w n ,  a n d  c a r e f u l l y  
c l e a r e d  of  t h e  s u b e p i d e r m a l  c o n n e c t i v e  t i s s u e  u n d e r  t h e  
m i c r o s c o p e .  T h e  s k i n  w a s  t h e n  p l a c e d  o n  a s l ide ,  a g a i n  
s u r f a c e  d o w n ,  a n d  c o v e r e d  w i t h  a c o v e r  s l ip .  T h i s  p r e p a -  
r a t i o n  w a s  d o n e  w i t h  s k i n  of  6 s p e c i e s  (Loligo vulgaris, 

Sepia o[[icinalis, Octopus vulgaris, Octopus salutii, Eledone 
cirrosa a n d  Eledone moschata) a n d  o b s e r v e d  i m m e d i a t e l y  
w i t h o u t  f u r t h e r  t r e a t m e n t  on  a L e i t z  O r t h o p l a n  m i c r o -  

1 This paper is dedicated to Professor Adolf Por tmann on the oc- 
casion of his 80th anniversary. 

2 Dieter Froesch, Universit/~t Ulm, Sektion Elektronenmikrosko- 
pie, Oberer Eselsberg, D-79 Ulm, BRD. 

3 We wish to thank Prof. J. Z. Young and Dr P. R. Boyle for help- 
ful discussion and the Swiss Government for financial support. 

4 E. Florey, Comp. Biochem. Physiol. 18, 305 (1966). 
5 R .A.  Cloney and E. Florey, Z. Zellforsch. 89, 250 (1968). 
6 W. Weber, Z. Zellforseh. 708, 446 (1970). 
7 S. Mirow, Z. Zellforsch. 125, 176 (1972). 
8 P. Girod, Arehs Zool. exp. g~n. 7, 225 (1883). 
9 F . B .  Hofmann, Pflfigers Arch. ges. Physiol. 118, 375 (1907). 
10 E. Bozler, Z. vergl. Physiol. 7, 379 (1928). 

a, b 2 interference contrast nficro- 
graphs of unstained skin of Ele- 
done cirrosa. Muscles run  between 
the chromatophores. • 750. 
c Electron micrograph of a muscle 
running between 2 brown ehroma- 
tophores (arrow). A yellow chro- 
matophore (with pigment  granules 
about half the size of the brown 
ones) is shown underneath. • 4500. 
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scope equ ipped  w i t h  in te r fe rence  c o n t r a s t  opties~ Fo r  
e lec t ron  microscopy,  smal l  slices of skin were immersed  
in 2% osmic acid dissolved in a cacody la t e -bu f fe red  
R inge r  of 1180 mosm.  T h i n  sec t ions  were p h o t o g r a p h e d  
on  a Ph i l i p s  301. 
Results. I n  i so la ted  skin  t h e r e  is a cons iderab le  m easu re  
of s p o n t a n e o u s  a c t i v i t y  of c h r o m a t o p h o r e s :  phas ic  a n d  
ton ic  e x p a n s i o n  as well  as a c t i v i t y  progress ive ly  sp read ing  
over  a d i s t ance  can  be  obse rved  up  to severa l  hou r s  a f t e r  
t he  r e m o v a l  of sk in  samples .  Th i s  p h e n o m e n o n  offers an  
exce l l en t  poss ib i l i ty  for t he  s t u d y  of t h e  o rgan iza t i on  a n d  
f u n c t i o n i n g  of c h r o m a t o p h o r e  organs.  
T h e  c h r o m a t o p h o r e s  are a r r a n g e d  in 4 or 5 d i f fe ren t  
layers  n .  The  lowest  one is occupied  b y  v e r y  small ,  f a in t  
yel low c h r o m a t o p h o r e s ,  wh ich  h a v e  a n  incomple t e  set  of 
muscle  or none  a t  al l ;  we suppose  t h a t  these  are  t he  
y o u n g e s t  m e m b e r s  of a p o p u l a t i o n  w i t h  c o n t i n u o u s  
p ro l i fe ra t ion  a n d  loss, because  we regu la r ly  f ind  degen-  
e r a t i ng  c h r o m a t o p h o r e s  in t he  t op  layer  1~. S p o n t a n e o u s  
a c t i v i t y  of c h r o m a t o p h o r e s  in  i so la ted  skin, and  m o s t  
p r o b a b l y  all  a c t i v i t y  in i n t a c t  skin,  is r e s t r i c t ed  to  t he  2 
or 3 layers  b e t w e e n  t he  p r e s u m e d  ge rm layer  a n d  t he  
d e g e n e r a t i n g  layer .  As can  be  obse rved  u n d e r  t he  micro-  
scope, d iscre te  g roups  of c h r o m a t o p h o r e s  e x p a n d  a n d  
c o n t r a c t  s y n c h r o n o u s l y  or a l m o s t  s y n c h r o n o u s l y  whi le  
o the r s  r e m a i n  si lent .  
I t  was  n o t  found,  un t i l  we used  in te r fe rence  microscopy,  
t h a t  those  c h r o m a t o p h o r e s ,  w h i c h  ope ra t e  s y n c h r o n o u s l y  
or  n e a r l y  synchronous ly ,  are al l  i n t e r c o n n e c t e d  hor izon-  
t a l l y  b y  t h e i r  musc les  (figure);  f r e q u e n t l y  t he  musc les  
spl i t  i n to  2 or more  b ranches .  I t  is d i f f icul t  to  d e t e r m i n e  
t he  d imens ion  of i n d i v i d u a l  muscles,  b u t  du r ing  t h e i r  
c o n t r a c t i o n  i t  can  be  seen t h a t  t h e y  t e r m i n a t e  e i the r  on  
o t h e r  c h r o m a t o p h o r e s  or on  o t h e r  c h r o m a t o p h o r e  m u s -  
cles. T h e y  can  fo rm e l abo ra t e  p a t t e r n s  of c o n n e c t i v i t y  
b e t w e e n  severa l  c h r o m a t o p h o r e s .  
A l t h o u g h  we were u n a b l e  to  d e t e r m i n e  all  t h e  connec t ions  
of a n y  p a r t i c u l a r  c h r o m a t o p h o r e ,  we e s t ima te  t h a t  each  

one  is connec t ed  d i rec t ly  w i t h  8-14  o the r  c h r o m a t o p h o r e s ,  
p e r h a p s  even  more.  The re  is a p p a r e n t l y  no ve r t i ca l  con-  
nec t ion  b e t w e e n  c h r o m a t o p h o r e s  of d i f fe ren t  layers.  All  
species i n v e s t i g a t e d  show c h r o m a t o p h o r e  l ink.  
Discussion. The  f ind ing  t h a t  c h r o m a t o p h o r e s  in cepha lo-  
pods  are  connec t ed  b y  muscles ,  does n o t  f u n d a m e n t a l l y  
conf l ic t  w i t h  ear l ier  phys io logica l  ev idence ;  however ,  in  
some po in t s  t he  p ic tu re  m u s t  be  rev i sed :  
a) A l t h o u g h  t he  c h r o m a t o p h o r e  muscle  is an  i n d e p e n d e n t  
f u n c t i o n a l  entity4,5,10, c h r o m a t o p h o r e s  c a n n o t  be -ope r -  
a t ed  ind iv idua l ly ,  because  t h e y  are l inked.  As one  can  
obse rve  d i rec t ly  u n d e r  t h e  microscope,  t he  full  e x p a n s i o n  
of 1 c h r o m a t o p h o r e  invo lves  a u t o m a t i c a l l y  t he  pa r t i a l  
expans ion  of a p p r o x i m a t e l y  10 n e i g h b o u r i n g  c h r o m a t o -  
phores .  
b) S p o n t a n e o u s  progress ive  sp read  of c h r o m a t o p h o r e  ex-  
p a n s i o n  in i so la ted  skin  (or d y i n g  or d e n e r v a t e d  skin  9,13) 
can  now be  r e a s o n a b l y  exp l a ined  : in l iv ing  skin t h e r e  is a 

p h y s i o l o g i c a l  ba r r i e r  to  p r e v e n t  exc i t a t i on  t r ans f e r  f rom 
one muscle  to  t he  o the r  4. P o s t  m o r t e m ,  the  m e m b r a n e  
res i s t ance  is lowered a n d  exc i t a t i on  can  cross a t  myo-  
m u s c u l a r  junc t ions ,  t r a v e l l i n g  a long t h e  muscu l a r  ne t -  
work  over  cons iderab le  areas.  (This p h e n o m e n o n  was  
n a m e d  ' W o l k e n w a n d e r n '  or  w a n d e r i n g  clouds b y  Hof-  
m a n n . )  
c) As sugges ted  b y  P a c k a r d  14, t he  cons i s t ency  of colour  
p a t t e r n s  in Octopus m a y  be  due  to the  p a t t e r n e d  d i s t r i bu -  
t i on  of c h r o m a t o p h o r e  nerves .  However ,  i t  c a n n o t  be  
ru led  ou t  now t h a t  m u s c u l a r  l ink  as well  can be  a bas i s  
for t he  cons i s t ency  of colour  p a t t e r n s  in cephalopods .  

11 D. Froesch, in preparation. 
12 D. Froesch and J. B. Messenger, in preparation. 
13 G. D. Sanders and J. Z. Young, Proe. r. Soc. Lond. B 186, 

(1974). 
14 A. Packard, J. Physiol. 238, 38 (1974). 
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Squamous  metaplasia of human m a m m a r y  epithelium in long- term organ culture 
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Summary. S q u a m o u s  m e t a p l a s i a  of t he  m a m m a r y  e p i t h e l i u m  was  obse rved  in h u m a n  b r e a s t  t issue m a i n t a i n e d  in long- 
t e r m  o rgan  cul ture .  The  p h e n o m e n o n  occur red  on ly  in the  s y n t h e t i c  m e d i u m  199 w i t h  Ea r l e ' s  salts .  I n su l in  a n d / o r  
glucose e n r i c h m e n t  e n h a n c e d  i ts  occurrence.  

L ' a p p a r i t i o n  de ph6nom~nes  de m6tap las i e  s q u a m e u s e  
ou m a l p i g h i e n n e  dans  l '6pi th61ium m a m m a i r e  m a i n t e n u  
en  cu l tu re  o r g a n o t y p i q u e  a 6t6 r a p p o r t 6 e  dans  d i f f6rentes  
o b s e r v a t i o n s  1-5. E n  ce qui  concerne  la g lande  m a m m a i r e  
h u m a i n e  les cond i t i ons  dans  lesquelles  a p p a r a i t  la 
m6 tap la s i e  n ' a  pas  6t6 6tudi6e.  Au cours  d ' u n  t r a v a i l  
p o r t a n t  sur  le m a i n t i e n  en  survie  ~ l ong - t e rme  e t  l ' in -  
f luence d ' a d d i t i f s  h o r m o n a u x  sur  la g lande  m a m m a i r e  
h u m a i n e  adu l t e  no r m a l e  e t  au  repos  nous  avons  observ6  
ces p h 6 n o m ~ n e s  d a n s  des cond i t ions  de cu l tu re  pr~cises. 
Le b u t  de ce t t e  c o m m u n i c a t i o n  es t  de p r6sen te r  les 
f ac teu r s  phys i co -ch imiques  qu i  i n t e r v i e n n e n t  d a n s  la 
gen~se de la m6tap las i e  m a l p i g h i e n n e  darts la g lande  
m a m m a i r e  h u m a i n e  explan t6e .  

Mdthodes. Le mat6r ie l  d ' 6 t u d e  a consis t6  en du  t issu  
m a m m a i r e  p r o v e n a n t  de 13 f emmes  (age m o y e n  : 30, 5 ans) 
soumises  ~ une  i n t e r v e n t i o n  de cor rec t ion  chi rurgica le .  
N o u s  avons  cul t iv6  u n  t o t a l  de 5000 exp lan t s  pa r  im-  
mers ion  dans  le mil ieu s y n t h 6 t i q u e  199, que nous  a v o n s  
uti l is6 d a n s  les formules  de Ear le  e t  de Hanks .  La  diff6- 

1 F.L.  Archer, Archs Path. 85, 62 (1968). 
2 B .E .  Barker, H. Fanger et P. Fames, Expl Cell Res. 35, 437 
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5 H. Koyama, D. Sinha et T. Dao, J. nat. Cancer Inst. 48, 1671 

(1972). 


