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O v i p o s i t i o n  R h y t h m  i n  Drosophi la  melanogaster  a n d  i t s  A l t e r a t i o n  b y  a C h a n g e  i n  t h e  P h o t o p e r i o d i c i t y  

T h e  egg-p roduc t ion  of Drosophila is m e a s u r e d  on ly  once  
a day,  occas ional ly  twice  a d a y  z. I t  m e a n s  t h a t ,  impl i c i t ly  
or expl ic i t ly  z, t h e  l ay ing  r h y t h m  is cons idered  to  be  
c o n s t a n t  t h r o u g h o u t  t h e  day.  I n  fact ,  no  conc lus ive  
a t t e m p t  to  s t u d y  t h e  da i ly  r h y t h m  of ov ipos i t ion  a n d / o r  
t h e  in f luence  of e n v i r o n m e n t  on  such  a r h y t h m  b y  
Drosophila melanogaster has  eve r  b e e n  made .  Y e t  t he  
effect  of p h o t o p e r i o d i c i t y  on  ov ipos i t ion  a p p e a r s  p l aus ib l e ;  
d i f fe ren t  works  h a v e  indeed  s h o w n  t h a t  l i g h t  inf luences  
Drosophila emergence  r h y t h m  2 a n d  b e h a v i o u r  8-~. 

Material and methods. A 'wi ld '  Drosophila melanogaster 
s t r a i n  was o b t a i n e d  b y  crossing 4 l a b o r a t o r y  'wi ld '  s tocks,  
n a m e l y  Chicago, Urbana "S', Gabarros a n d  Oregon, in 
such  a w a y  t h a t  each  of t he se  s tocks  c o n t r i b u t e d  equa l ly  
to  t h e  gene pool  of t h e  new  'wi ld '  s t r a i n  ca l led  CUGO. I n  
a f i r s t  e x p e r i m e n t  F~ flies were  used,  w h i l s t  F 3 flies were 
s tud ied  in a second tes t .  Fl ies  were kept ,  a t  25°C, on  t h e  
classical  m e d i u m .  Two pho toper iod ic i t i e s  were  used:  12 h 
l igh t  fol lowed b y  12 h d a r k n e s s  (L 12/12) a n d  6 h l i gh t  
fol lowed b y  6 h da rknes s  (L 6/6). U n d e r  b o t h  these  l igh t  
condi t ions ,  t h e  n u m b e r  of eggs laid b y  4 series of 10 

females,  e ach  female  be ing  i so la ted  w i t h  a mate ,  was  
m e a s u r e d  eve ry  3 (F  3/3), 6 (F 6/6), 12 (F 12/12) or 24 h 
(F 24/24)from the  3rd to  t he  6 th  d a y  of i m a g i n a l  life. I n  a 
second e x p e r i m e n t  F 3/3, F 6i6, F 24/24 m e a s u r e m e n t s ,  
m a d e  u n d e r  a L 12/12 p h o t o p e r i o d i c i t y  only,  were 
r e p e a t e d  w i t h  series of 22 females.  

Results, T h e  F igu res  A a n d  B p r e s e n t  t h e  resu l t s  of 
t hose  e x p e r i m e n t s .  T h e  m a i n  p o i n t s  are  as fol lows:  
1. U n d e r  b o t h  pho toper iod ic i t i e s  t h e  t o t a l  egg -p roduc t i on  
f rom t h e  3rd to  t h e  6 th  d a y  is equa l  (Table  I) a n d  a per iod  
of 24 to  36 h is necessa ry  before  a d i s t i nc t  r h y t h m  of 
ov ipos i t ion  becomes  v is ib le  (Figures  A a n d  B). 

1 H. P. DONALD and R. LAMY, Proc. R. Soc. Edinb. 57, 78 (1937). 
i C. S. PITTENDR1OIZ, Proc. Nat. Acad. Sei. 40, 1018 (1954). 
a F. W. CARPENTER, Am. Nat. 39, 157 (1905). 
t F. A. BROWN and B. V. HALL, J, exp. Zool. 74, 205 (1936). 
5 H. B. WEISS, F.A. SCRACI and E. E. McCoY JR., JL N.Y. ent. 

Soe. 51, 117 (1943). 
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Mean egg-yield from the 3rd to the 6th day 
of life of Drosophila mdanogaster. A) Photo- 
periodicity: L 12112. Counting frequency: 
F 3/3 (lst and 2nd experiment), F 616 (lst ex- 
periment). B) Photoperiodicity: L 6/6. Count- 
ing frequency: F 3/3 and F 6/6. 
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2. V¢ith a pho tope r iod i c i t y  w h i c h  fa i r ly  r e s e mb l e s  
n o r m a l  l i gh t  cond i t i ons  (L 12/12), t h e  m a n i p u l a t i o n s  of 
t h e  l a y i n g  f ema les  do n o t  in f luence  t h e  t o t a l  egg-p roduc -  
t ion  d u r i n g  t h e  4 d a y s  of o b s e r v a t i o n .  O n  t h e  con t r a ry ,  
w i th  a L 6/6 p h o t o p e r i o d i e i t y  f r e q u e n t  t r a n s f e r s  in f luence  
t h e  t o t a l  egg -p roduc t ion :  t h e  m o r e  t h e  flies are  m a n i p u l a t -  
ed, t h e  less t h e y  l ay  (Table  I). 

3. A n  a n a l y s i s  of v a r i a n c e  (Table  II)  a n d  t h e  coeff ic ient  
of cor re la t ion  b e t w e e n  t h e  F 3/3, L 12/12 v a l u e s  (r = 0.81 ; 
n = 32; /9 < 0.001) s h o w  t h a t  t h e  c o n c o r d a n c e  b e t w e e n  
b o t h  e x p e r i m e n t s  is exce l len t .  A t  p h o t o p e r i o d i c i t y  L 12/12, 
t h e  n u m b e r  of eggs la id  in 3 h a t t a i n s ,  twice  a day ,  tops  
w h i c h  occur  3 h, s o m e t i m e s  6 h, a f t e r  t h e  l igh t  h a s  been  
s w i t c h e d  on or s w i t c h e d  off. T h e  n u m b e r  of eggs laid 
d u r i n g  t h e  3 h o u r s  fol lowing b lack  o u t  (solid do t s  1", 2', 3' - 
Figure  A) is la rger  t h a n  t h e  n u m b e r  laid d u r i n g  t h e  3h 
fo l lowing l i gh t ing  (open d o t s  1, 2, 3 F i g u r e  A a n d  Tab le  I I ) .  

4. T h e  f ema les  whose  a n c e s t o r s  h a d  been ,  for  gene ra t ions ,  
s u b m i t t e d  to  a L 12/12 pho tope r iod i c i t y ,  h a v e  the i r  o w n  
r h y t h m  of ov ipos i t ion .  I n d e e d  t h e  cor re la t ion  coeff ic ient  
ca l cu la t ed  b e t w e e n  t h e  v a l u e s  of L 12/12 F 3/3 a n d  L 6/6 
F 3/3 for the  12 f i r s t  m e a s u r e m e n t s ,  i.e. t h e  f i r s t  36 h o f  t h e  
e x p e r i m e n t ,  e q u a l s  + 0.73 (n = 12; 0.001 < P < 0.01). 
T h a t  r h y t h m ,  however ,  c a n  be  m o d i f i e d  b y  a c h a n g e d  
p h o t o p e r i o d i c i t y ;  t h e  co r re la t ion  b e t w e e n  L 12/12 F 3/3 
a n d  L 6/6 F 3/3 for t h e  20 l a s t  m e a s u r e m e n t s ,  i.e. t h e  las t  
60 h of  t h e  e x p e r i m e n t ,  is e q u a l  to - -  0.49 (n = 20; 0.01 < 
P < 0.05). U n d e r  t h e  a b n o r m a l  L 6/6 p h o t o p e r i o d i c i t y ,  
t h e  f ema les  now s h o w  a n e w  r h y t h m  of ov ipos i t i on  where  
t h e  m a x i m a l  n u m b e r  of eggs laid in a 3 h o u r  per iod  a l w a y s  
occurs  3 h o u r s  a f t e r  l igh t  is swi t ched  off (solid dots ,  
F i g u r e  B). 

Discussion.  T h e  r a t e  of ov ipos i t i on  of Drosophila 
melanogaster m a y  d e p e n d  on  3 v a r i a b l e s :  t h e  n u m b e r  of  
ovar io les  a n d  t h e i r  p r o d u c t i o n ,  t h e  speed  of g r o w t h  of t h e  
success ive  s t a g e s  of  t h e  e g g - c h a m b e r s  and ,  accord ing  to  

Table I. Analysis of variance of the mean total egg-production per 
fly from the 3rd to the 6th day of adult life for different photoperio- 
dicities and counting frequencies 

Photoperiodieity Counting frequency Egg-production 

L 12/12 F3[3 258.4 ~ 13.9 
F 6[6 269.9 ± 9.5 
F 12/12 281.2 :}: 17.4 
F 24[24 277.9 4- 12.1 

L6/6 F 313 254.6 -I- 9.3 
F 6[6 252.8 4- 14.6 
F 12/12 300.4 ! 10.1 
F 24]24 305.4 ~ 25.6 

Analysis o] variance. 

Sources of variation S.S. d.f. M.S. F 

L 12/12 F 3/3 vs F 6/6 661.3 1 661.3 0.3 
F 12/12 vs F 24/24 54.5 1 54.5 0 
F 3[3+F6/6 vs 
F 12/12+ F 24]24 2,371.5 1 2,371.5 1.02 

L6[6 F3/3 vs F6/6 16.2 1 16.2 0 
F 12112 vs F 24124 125.0 1 125.0 0 
F 3/3+F 6/6 vs 
F 12/12+ F 24]24 24,206.4 1 24,206.4 10.5 

L 12112 vs L 6/6 832,5 1 832.5 0.36 

Error 166,577.0 72 2,313.7 
Total 194,844.0 79 

P < 0.01. 

Table II. Comparison of the first and second experiment. Influence of light and darkness on oviposition rate. Mean egg-yield at the diurna 
and nocturnal tops and analysis of variance 

Experiment I Experiment II 

Tops Diurnal tops Tops Nocturnal tops Tops Diurnal tops Tops Nocturnal tops 

1 11.0 ~ 1.5 1' 15.6 ~ 3.0 1 10.6 -4- 1.7 1' 13.9 ± 2.0 
2 11.6 ~7 1.3 2' 17.4 q- 2.1 2 10.5 q- 1.9 2' 12.9 ~ 1.6 
3 4.0 ~. 1.1 3" 23.6 q- 2.0 3 I1.0 -4- 2.2 3' 15.9 t 2.3 

M 8.8 i 1.5 M' 18.9 -t- 2.4 M 10.7 ± 2.0 1W 14.2 ± 2.0 

Analysis o/variance 
S.S. d.f. M.S. F 

Experiment I Light top 1 vs 2 1.2 1 1.2 0 
tops 1 + 2 vs 3 247.7 1 247.7 2.8 

Darkness top 1" vs 2" 12.1 1 12.1 1 
tops 1' + 2' vs 3" 233.4 1 233.4 2.7 
light vs darkness 1,049.9 1 1,049.9 t2.1 b 

Experiment II Light top 1 vs 2 0.2 1 0.2 1 
tops 1 + 2 vs 3 3.3 I 3.3 1 

Darkness top i '  vs 2' 10.9 1 10.9 1 
tops 1' + 2' vs Y 85.1 1 85.1 1 
light vs darkness 411.3 1 411.3 4.74 
exp. I vs exp. II 59.4 1 59.4 1 
error 13,985.0 I62 86.4 
Total 16,099.5 173 

• P < 0.05. 
b p < 0.01. 
Photoperiodicity: L 12/12; counting frequency: F 3/3, 
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our results, a photic signal regulating the ovariole act ivi ty 
and/or the oviposition. Flies which are compared must, 
however, be of the same age, the same genotype and grown 
in identical preimaginal environments. Indeed the act ivi ty 
and the number of ovarioles of a mature fly depend on 
age ~, genotype 7,s and the conditions to which the larvae 
have been submitted 9. 

In 'wild' Drosophila melanogaster imagos, aged 4 to 9 
days, grown at 25°C, under a L 12/12 photoperiodicity, 
there is under normal light conditions (L 12/12) a definite 
daily rhythm of oviposition. The rhythm is different when 
another photoperiodicity is tested (L 6/6). Under the 
L 12/12 photoperiodicity unequal tops happen 3 h after a 
passage from light to darkness and conversely, the noctur- 
nal oviposition act ivi ty  being, however, larger than the 
diurnal one. Under a L 6/6 photoperiodicity, equal tops 
always occur 3 h after switching off. Under both photo- 
periodicities, however, and for the period of t ime consider- 
ed, the total  egg-production is equal. The number of 
active ovarioles of our flies being, reasonably, supposed 
to be a constant, the production of the ovarioles there- 
fore does not depend on the photoperiodicity. 

Photoperiodicity, however, must inf luence the speed 
of growth of the successive stages of the egg-chambers. 
Indeed, under the L 12/12 photoperiodicity, the noctur- 
nal oviposition act ivi ty is larger than the diurnal one; 
moreover under the L 6/6 photoperiodicity, tops only 
occur 3 h after switching off. The speed of growth of the 
egg-chambers stages may ' therefore  be faster during the 
illuminated and slower during the dark period of the day. 
This is, however, not demonstrated. Indeed, while 
KIN~ ~°,n and DAVID and CLAVEL 1~, 13 agree on the fact 
that  1 ovariole produces about 2 ovules a day, they 
disagree on the duration of vitellogenesis (stage 9 to 13 in 
KING'S terminology} and of the mature egg stage (stage 
14). DAVID and CLAVEL estimated the duration on counts 
made on F x mated hybrid females, aged 4 days, kept at 
25°C in total  darkness. KInG worked on a wild strain, 
kept at 25°C and made his counts on females aged 0 to 
7 days ; no information as to the light conditions. Clearly, 
when dissecting females - at  a not specified moment  of 
the day! - the authors did not take into account the 

possible influence of a daily cycle; that  lacuna may explain 
some of the discrepancies found. 

The existence of the unequal tops under a L 12/12 
photoperiodicity ~ad of nocturnal tops only under a 
L 6/6 photoperiodicity may therefore be due to 2 different 
factors. The photoperiodicity may render the ovarioles 
activity,  and more precisely the duration of growth of the 
egg-chambers, more or less synchronous, the act ivi ty  
being larger during the illuminated period than during 
darkness. Or if the mean ovariole prodnction is constant 
throughout the day, light may provoke a retention of the 
mature ovules, and the passage of light to darkness may 
provoke oviposition properly so-called, I t  is probable tha t  
one of those hypotheses could be shown to be the right one 
by dissecting, at  different moments of the day, females 
kept under different photoperiodicities. 

Rdsumd. La mesure routes les 3, 6, 12 ou 24 h, sous deux 
photop6riodicit6s distinctes, de la p o n t e  journati~re de 
Drosophila melanogasler a montr6 que la ponte pr6sente 
un cycle journalier bien marqu6 et que celui-ci peut-Stre 
modifi6 par un changement de la photop6riodicit6. 
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Orientierende netzhautnahe pH-Messung  im Glask6rper des Kaninchens bei intraventiser Glukose-  
infusion 

Neuerdings hat  man tierexperimenteU im Hirngewebe 
der W'istar-Ratte nach Glukoseinfusion einen Abfall des 
pH ~hnlich wie im Karzinomgewebe beobachtet  1, ~. Als 
Erklitrung wurde eine mit  dem erh6hten Substratangebot 
einhergehende Zunahme der Glykolyse mit  vermehrter  
Lactatbildung des schon bei normalem Glukose- und 03- 
Angebot zu 8-9% glykosierenden Hirngewebes angenom- 
men ~,3. Auch die Retina ist seit WARBURG 4 als ein Ge- 
webe rnit der F~khigkeit zur Glykolyse bekannt, weshalb 
wir die nachfolgend skizzierten orientierenden netzhaut- 
nahen pH-Messungen im Glask6rper des Kaninchens bei 
Glukoseinfusion durchffihrten. 

Methodik. I3ei 12 Kaninchen yon etwa 2 kg Gewicht 
wurde in Urethannarkose der Bulbus limbusparallel m6g- 
lichst unter Vermeidung einer Blutung er6ffnet. Die bei- 
den Elektroden wurden dutch die Sklera6ffnung so in das 
Corpus gefiihrt, dass die diinn ausgezogene Spitze der 
Glaselektrode (GA 70, Forschungsinstitut Meinsberg/Sa.) 
in ihrem empfindlichen Teil retinanahe im Glask6rper lag 
(Figur 1). Die Elektroden verblieben w~thrend des gesam- 
ten Versuches am gleiehen Messort, Im Abstand yon 

5 min wurde der pH-Wert  am Messinstrument der Fi rma 
Clamann & Grahnert, Dresden, abgelesen. Erst  nachdem 
der pH etwa eine Stunde lang konstante VCerte zeigte, 
begann die intraven6se Glukoseinfusion, wobei eine In- 
Iusionsrate yon 12 g/kg-1/100 rain -1 durchschnittliche 
Blutzuckerwerte yon 500-700mg/100 mI erzielte. Die 
Dauer der einzelnen Versuche betrug jeweils 300 rain. Bei 
3 Tieren t ra t  w~hrend des Experimentes eine massive 
Blutung in den Glask6rpern auf, so dass der Versuch abge- 
brochen werden musste. 

Ergebnisse. Sofort nach dem Einfiihren der Glaselektro- 
de misst man einen pH = 7,4, der sich nach einem relativ 
raschen Abfall auf einen Wert  yon pH = 7,12-t-0,12 
einstellt und mit  geringen Schwankungen fiber mehrere 
Stunden beibehalten wird. Etwa 60 rain nach Beginn der 
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