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P h y t o c h r o m e  control  of ch lorophyl l  a loss  in exc i sed  corn leaves  requires  ca l c ium 
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S u m m a r y .  P h y t o c h r o m e  e f f ec t  o n  d e f e r r i n g  c h l o r o p h y l l  a loss  in  s l ices  of  c o r n  l e a v e s  is e v i d e n t  o n l y  if i n c u b a t i o n  is 
m a d e  in  t h e  p r e s e n c e  of  c a l c i u m .  

E x c i s e d  g r e e n  l e a v e s  i n c u b a t e d  in  d a r k n e s s  u n d e r g o  
i r r e v e r s i b l e  d e g r a d a t i v e  p r o c e s s e s ,  s u c h  as  d e c r e a s e  in  
p r o t e i n ,  n u c l e i c  a c i d  a n d  c h l o r o p h y l l  c o n t e n t s  9, 3. S u c h  a 
s y n d r o m e ,  n a m e d  s e n e s c e n c e ,  is c o n t r o l l e d  b y  l i g h t  *-", 
h o r m o n e s  ( k i n e t i n s  9, 4 a n d  g i b b e r e l l i n s  ~-9) a n d  c a l c i u m  10. 
T h e  r e s p o n s e  t o  l i g h t  is  d e p e n d e n t  o n  p h o t o s y n t h e s i s  in  
b e a n  l e a v e s  4, w h i l e  in  Marchan t ia  a p h y t o c h r o m e  r e a c t i o n  
s e e m s  to  be  i m p l i c a t e d  ~. I n  r e c e n t  y e a r s  s o m e  r e s u l t s  h a v e  
s u g g e s t e d  t h a t  c a l c i u m  is  s o m e h o w  i n v o l v e d  in  v a r i o u s  
p h y t o c h r o m e  r e a c t i o n s  in  v i t r o  (as m e m b r a n e - b i n d i n g  n 
a n d  d a r k  r e v e r s i o n  19) a n d  in  v i v o  ( T a n a d a  e f f ec t  in  m u n g  
b e a n  r o o t  t i p s  13, f l o w e r i n g  of  L e m n a  perpusi l la  1~, p r o -  
m o t i o n  of  a n t h o c y a n i n  s y n t h e s i s  in  r ed  c a b b a g e  s eed -  
l i ngs  1~). 

Table 1. Chl a and chl b content (~g/mg fresh weight) and chl a/chl 
b ratio in slices incubated for 4 days at 25~ in distilled water or 
CaC12 10 .3 M 

Light Incubation chl a chl b a/b ratio 
t reatment  medium 

Darkness Water  0.524 --  0.018 0.203 + 0.006 2.57 4- 0.03 
Calcium 0.687 4. 0.017 0.237 4- 0.009 2.91 -4- 0.13 

Red Water  0.571 -4- 0.017 0.228 -4- 0.006 2.50 -t- 0.01 
Calcium 0.742 4. 0.030 0.266 4- 0.014 2.79 4. 0.04 

Far red Water  0.572 4. 0.011 0.216 4. 0.010 2.66 4. 0.08 
Calcium 0.652 4. 0.016 0.237 4. 0.012 2.76 4. 0.08 

Red, 2 (7 min FR plus 7 min R) cycles; far red, 2 (7 min red plus 
7 min FR) cycles on the 2rid and 3rd day of incubation. The mean 
of 4 replicates -4- SE is presented. 

T h e  a i m  of  t h e  p r e s e n t  i n v e s t i g a t i o n  is  t o  t e s t  t h e  p o s -  
s i b i l i t y  of  a p h y t o c h r o m e  e f f ec t  o n  t h e  d e c r e a s e  of  c h l o r o -  
p h y l l  in  e x c i s e d  l e a v e s  of  Zea mays  a n d  t o  a s c e r t a i n  
w h e t h e r  a n  i n t e r a c t i o n  e x i s t s  b e t w e e n  p h y t o c h r o m e  a n d  
c a l c i u m  in  c o n t r o l l i n g  t h i s  p h e n o m e n o n :  
Zea mays  ' D e k a l b  X L  140 A '  F1 h y b r i d  w a s  u s e d .  Seed s  
w e r e  g e r m i n a t e d  a n d  g r o w n  in  s a w d u s t  a t  2 5 ~  u n d e r  
c o n t i n u o u s  w h i t e  f l u o r e s c e n t  l i gh t .  F r o m  t h e  f i r s t  leaf  of  
7 d a y s  o ld  s e e d l i n g s ,  3 d i sc s  of  10 m m  d i a m e t e r  we re  
p u n c h e d  w i t h  a c o r k b o r e r .  I n  o t h e r  e x p e r i m e n t s  s l ices  
0 . 3 - 0 . 5  m m  t h i c k  w e r e  c u t  w i t h  a r a z o r  b l a d e .  D i s c s  o r  
s l i ces  w e r e  i m m e d i a t e l y  f l o a t e d  on  d i s t i l l ed  w a t e r  o r  
10 -8 M CaC12, r a n d o m i z e d  a n d  t r a n s f e r r e d  in  p l a s t i c  P e t r i  
d i s h e s  o n  f i l t e r  p a p e r  w i t h  10 m l  d i s t i l l ed  w a t e r  o f  10 .3 M 
CaC19 (10 d i s c s  p e r  d i sh ,  o r  s l i ces  for  a t o t a l  w e i g h t  of  
8 0 - 3 0 0  m g ) .  T h e  d i s h e s  we re  i n c u b a t e d  for  4 d a y s  a t  
25 ~ in  d a r k n e s s  o r  in  d a r k n e s s  i n t e r r u p t e d  b y  d i f f e r e n t  
p r o g r a m s  of  l i g h t .  A t  t h e  e n d  of t h e  t r e a t m e n t ,  c h l  a a n d  b 
c o n t e n t  w a s  d e t e r m i n e d  b y  A r n o n ' s  m e t h o d i c  a f t e r  h o -  
m o g e n i z a t i o n  a n d  e x t r a c t i o n  in  8 0 %  a c e t o n .  
P r e l i m i n a r y  e x p e r i m e n t s  s h o w e d  t h a t  t h e  d e c r e a s e  of  
t o t a l  c h l o r o p h y l l  is c lose  to  l i n e a r  t h r o u g h o u t  6 d a y s  in 
w h i t e  l i gh t ,  wh i l e  in  t h e  d a r k  t h e  loss  r a t e  is  s h a r p l y  
e n h a n c e d  a f t e r  t h e  s e c o n d  d a y  of  i n c u b a t i o n .  F o r  t h i s  
r e a s o n ,  in  t h e  f o l l o w i n g  e x p e r i m e n t s  we  d e c i d e d  to  b e g i n  
t h e  i r r a d i a t i o n  p r o g r a m  48 h a f t e r  c u t t i n g .  T h e  2 - d a y s  
l a g - p h a s e  is s i m i l a r  t o  t h a t  f o u n d  in  b e a n  4 a n d  in  R u m e x  9. 
T h e  s u b s e q u e n t  d r o p  i n  c h l o r o p h y l l  c o n t e n t  is m o r e  
m a r k e d  for  c h l  a, a s  in  Marchan t ia  ~ a n d  in  X a n t h i u m 1 7  
w h i l e  in  R u m e x  a n  i n c r e a s e  in  c h l  a / c h l  b r a t i o  w a s  f o u n d  9. 
T h e  d a i l y  c h a n g e  of  w a t e r  in  P e t r i  d i s h e s  h a d  n o  s ign i f i -  
c a n t  e f fec t .  I n  a g r e e m e n t  w i t h  a p r e v i o u s  r e p o r t  1~ t h e  
p r e s e n c e  o f  CaC19 i n  t h e  i n c u b a t i o n  m e d i u m  m a r k e d l y  
d e c r e a s e d  t h e  r a t e  o f  c h l o r o p h y l l  d e g r a d a t i o n .  I n  o u r  
c o n d i t i o n s ,  t h e  m i n i m a l  e f f e c t i v e  c o n c e n t r a t i o n  of  CaC12 

Table 2. Total calcium and phytochrome effects and ealeium-phyto- 
chrome interactions on ehl a 

Number  of Calcium Irradiation Ca Pfr Inter-  
experiment concen- number  action 
and material tration 

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

Data of 6 different experiments are elaborated by 2)<2 factorial 
analysis technique. Ca, Calcium effect in a mixed population with 
active or inactive phytochrome; Pfr, phytoehrome effect in a mixed 
population with or without exogenous calcium added; ' interaction' 
indicates the combined effect of calcium and phytochrome together. 
We signify there is no effect (none) when F < 1; a positive (+)  or 
negative (-) effect when F > 1. * F-value over the 95%; ** F-value 
over the 99% significance level. 
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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.  
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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). 


