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was 10 -3 M. No signif icant  difference was found wh e t h e r  
the  discs were  incuba ted  or n o t  in t he  presence  of f i l ter  
paper .  
A 2 • 2 factor ia l  expe r imen t  was t h e n  set  out,  in which  
the  fac tors  calcium and s t a te  of p h y t o c h r o m e  were 
exam ined  a t  2 levels:  absence or presence  of calc ium; 
ac t ive  or inac t ive  phy toch rome .  Dur ing  the  4 days  of the  
exper iments ,  incuba t ion  in darkness  was i n t e r rup t ed  2 or 
5 t imes  by  i r rad ia t ion  cycles cons is t ing  of 7 rain far red 
l ight  immed ia t e ly  followed by  7 min  red l ight  or vice 
versa.  In  the  f i rs t  case ( F R - R ) ,  p h y t o c h r o m e  is assumed 

Table 3. Effect of calcium and phytochrome on chl a content in 
different experimental conditions 

Number of Calcium Irra- Calcium effect P i t  effect 
experiment eoncen- diation 
and material tration number D R FR Water Calcium 

1 Discs 10 -~ 5 None -- None +* + 
2 Discs 10 -3 2 None + None None None 
3 Slices 10 -3 2 None + +** + + 
4 Slices 10 -3 2 +** +** +** None +* 
5 Slices 10 -8 5 +** +** +** Nolle +** 
6 Slices 10 -3 5 + + + + + 

Actual data were elaborated with the analysis of the variance 
between 2 groups. For example the calcium effect in darkness was 
analyzed by comparing each of the groups incubated in continuous 
darkness with or without calcium. In the same way, phytochrome 
effect in absence of calcium was obtained by compairing samples in 
distilled water irradiated with (FR + R) with those irradiated with 
(R + FR), In experiments 3 and 6 the F-values were 2.08 and 1.10 
without calcium and 4.75 and 3.58 with calcium respectively 
(F0,05 = 5.99). See table 2 for other explanations. D, darkness. 

to remain  in the  act ive  fo rm for a longer  t ime  in the  sub- 
s equen t  da rk  per iod;  in the  second case ( R - F R ) ,  t he  
inact ive  form is p reva len t .  A fu r the r  cont ro l  in cont inuous  
darkness  wi th  or w i t h o u t  calc ium was  ar ranged.  
Typica l  da t a  f rom one e x p e r i m e n t  are r epor ted  in table  1 : 
a p ro tec t ive  effect  of ac t ive  p h y t o c h r o m e  and  of calcium 
on chl a is observed;  an increase in chl a /chl  b rat io occurs, 
as calc ium by  itself is more  effect ive on chl a: th i s  could 
be ascr ibed to  the  h igher  s tab i l i ty  of chl b molecule, b u t  
da t a  on the  effect  exer ted  by  darkness  on the  ra tes  of 
chl a and  b deg rada t ion  are r a t h e r  con t r ad i c to ry  is. 
The resul ts  of s ta t i s t ica l  analysis  for all expe r imen t s  are 
summar ized  in table  2 for chl a con ten t .  Calcium has no 
s ignif icant  effect  in discs, b u t  p r ev en t s  chl a loss in slices ; 
th is  fact  can be a t t r i b u t e d  to the  grea te r  l eng th  of the  cu t  
edge per  uni t  fresh we igh t  in slices t h a n  in discs 1~. P h y t o -  
chrome has  a posi t ive  act ion in deferr ing the  loss of chl a 
and  b in slices. Signif icant  pos i t ive  in te rac t ion  be tween  
calc ium and p h y t o c h r o m e  was found  in 2 exper iments .  
To get  the  m a x i m u m  of in fo rmat ion  we m a y  separa te  the  
effects  of the  single fac tors  by  the  analysis  of var iance  
be tween  2 groups:  re la t ive  resul ts  for chl a are summa-  
rized in tabie  3. No s ignif icant  di f ference exis ts  for t he  
calcium effect  in t he  d i f fe rent  l ight  t r e a t m e n t s ,  while 
p h y t o c h r o m e  is effect ive in p r even t ing  the  loss of chloro- 
phyl l  a only  in the  slices and in the  presence  of calcium. 
In  summary ,  calc ium and p h y t o c h r o m e  in te rac t  in a 
s ta t i s t ica l ly  s ignif icant  way  in delaying the  loss of chloro- 
phyl l  a. This f inding can explain  the  failure repor ted  by  
o ther  au thors  4, in t he  absence  of calcium, to d e m o n s t r a t e  
a p h y t o c h r o m e  effect  on senescence.  

18 G. A. Lipskaia and L. A. Zelenaya, Fiziologya Rast. 22, 277 
(1975). 

19 R.C. Smith and E. Epstein, Pl. Physiol. 39, 338 (1964). 

M i g r a n t  s e l e c t i o n  i n  a n a t u r a l  p o p u l a t i o n  o f  Drosophila 

A. Fontdev i la ,  W. T. S tarmer ,  W. B. Heed and  J. S. RusseN 

Departamento de Gendtica, Facultad de Ciencias, Universidad de Santiago, Santiago de Compostela (Spain), and Depart- 
ment o] Ecology and Evolutionary Biology, The University of Arizona, Tucson (Arizona 85727, USA), 11 November 1976 

Summary. Migrant  flies of Drosophila nigrospiracula, a deser t  species, showed a h igher  ra te  of ma t i n g  t h a n  non mig ran t  
flies. Increase  of ma t ing  abi l i ty  m a y  be favoured  by  low migra t ion  rate,  b u t  i ts  causes are no t  ye t  well unders tood.  
This  is the  f i rs t  t ime t h a t  m ig ran t  selection is d o c u m e n t e d  f rom nature .  

I t  has  been argued r epea t ed ly  t h a t  sexual  select ion p lays  
an i m p o r t a n t  role in evolut ion  and m a n y  s tudies  ~-~ have  
shown t h a t  in Drosophila sexual  selection m a y  be fre- 
quency  dependen t .  A l though  ma t ing  behavior  of Droso- 
phila has  been  ex tens ive ly  s tudied  under  l abora to ry  
condi t ions ,  ve ry  l i t t le  is known  abou t  this  behav ior  in 
na tu ra l  popula t ions .  The main  reason is t h a t  i t  is very  
diff icul t  to observe a ma t i ng  ac tua l ly  t ak ing  place under  
na tu ra l  condi t ions .  In  the  p resen t  work  we have  t r ied to  
learn some th ing  on the  ma t ing  behav ior  of a deser t  
species of Drosophila (D. nigrospiracula) under  i ts  na tu ra l  
hab i t a t .  This  species provides  t he  unique  o p p o r t u n i t y  to  
observe  and  collect in i ts  na tu ra l  h a b i t a t  a suff ic ient  
n u m b e r  of m a t i ng  pairs  to make  up a workable  sample.  
Since migra t ion  is an i m p o r t a n t  fac tor  in the  evo lu t ionary  
h i s to ry  of a n y  species and  m a y  p lay  an i m p o r t a n t  
adap t i ve  role in deser t  Drosophila species 5, we have  a t -  
t e m p t e d  to  inves t iga te  the  ma t ing  behav ior  of migrants .  

Our resul ts  suggest  t h a t  under  cer ta in  condi t ions  ma t ing  
m a y  no t  be a t  r a n d o m  and mig ran t s  m a y  be favoured 
when  rare. 
D. nigrospiracula inhab i t s  the  Sonoran  Desert ,  which 
ex t ends  th rough  So u t h e rn  Arizona (U SA), Baj a California 
and Sonora (Mexico). I t s  biology is ve ry  well under-  
s tood e. For  example  i t  is known  to  be an ol igophagous 
species feeding on the  necrot ic  t issues of several  cacti  b u t  
ma in ly  on the  Saguaro cactus  (Carnegia gigantea), in the  
region of Tucson,  Arizona,  where  th is  s t u d y  was done. 

1 We gratefully acknowledge the field assistance of Robert 
Mangan, Margaret Jefferson, Don Vacek and Dorthe Jurgenson. 

2 C. Petit, Bull. Soc. Zool. Fr. 93, 187 {1968). 
3 L. Ehrman, Am. Nat. 701,415 (1967). 
4 L.D. Spiess and E. B. Spiess, Am. Nat. 103, 155 (1969). 
5 J .S .  Johnston and W. B. Heed, Am. Nat. 109, 207 (1972). 
6 D.P.  Fellows and W. B. Heed, Ecology 53, 850 (1972). 
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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. 
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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~ 


