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100%), in the  p repara t ions  which were excized f rom 
di f ferent  regions of the  renal  pelvis, poss ib ly  indica tes  
t h a t  the  T -mechan i sm is par t icu lar ly  p ronounced  in 
special pa r t s  of the  pelvic muscula ture .  The adrenal ine  
react ions  were no t  s ignif icant ly  a l tered b y  appl ica t ion  
of t e t rodo tox in  (3 .  10 .6 moles/l) or p ropranolo l  (10 -5 
moles/l). I sola ted  s t r ips  of ure tera l  smoo th  muscle  ex- 
h ib i ted  very  slow spon taneous  phasic  ac t iv i ty ,  and re- 
sponded  to an increasing concen t ra t ion  of adrena l ine  
wi th  a progressive increase of con t rac t ion  f requency,  
somet imes  wi th  a fusion of the  single con t rac t ions  giving 
the  appearance  of an incomple te  t e tan ic  con t rac t ion  
(figure 1). In  con t ras t  to  pelvis prepara t ions ,  the  adren-  
aline react ion of ure ter  was v i r tua l ly  comple te ly  in- 
h ib i ted  by  nifedipine.  
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Fig. 2. Mechanical act iv i ty of an isolated muscle preparation of 
porcine renal pelvis, uifedipine-resistant part (T-component) of the 
adrenaline-induced activation. Inhibitory effects of nitroprusside 
sodium and papaverine. Preparation: 13 ram, 6.6 rag. 

An increase of the  ni fedipine concen t ra t ion  from 3 �9 10 -7 
moles/1 to  3 �9 10 .6 or even  6 - 10 .6 moles/1 p roduced  only  
a sl ight addi t iona l  reduc t ion  of the  T - c o m p o n e n t  of the  
adrenal ine  reac t ion  in pelvis p repa ra t ions  (figure 2), 
which indicates  t he  h igh  specif ici ty of ni fedipine in 
suppress ing the  P -ac t iva t ion  in th is  t y p e  of s m o o t h  
muscle.  
Ni t ropruss ide  sodium, an effective an tagon i s t  of the  
T-ac t iva t ion  in some t issues 6,7, h a d  only  a par t i a l  in- 
h ib i to ry  effect  on the  T-ac t iva t ion  of porcine renal  pelvis.  
Papaver ine  suppressed  the  T-ac t iva t ion  complete ly ,  as 
also observed in o the r  p repa ra t ions  6. 
In  the  renal  pelvis  and  ure ter  p repara t ions  of 3 rabbi t s ,  
such a n i fed ip ine- res i s tan t  adrenal ine  reac t ion  was no t  
observed.  Fur the rmore ,  no indicat ion for the exis tence  
of such a tonic  c o m p o n e n t  was found  in earlier s tud ies  
in pye loure te r  p repa ra t ions  of guinea-pig and ra t  s. This  
suggests  t h a t  the  tonic  c o m p o n e n t  of renal  pelvis muscu-  
la ture  m a y  have  a special  funct ional  significance in 
larger mul t ipap i l l a ry  kidneys.  F i r s t  measu remen t s  in 
h u m a n  p repa ra t ions  indica te  t h a t  the  resul ts  o b t a i ned  
wi th  porcine p repa ra t ions  are also qua l i t a t ive ly  val id 
for man.  I t  appears  l ikely t h a t  d i s tu rbances  of the  T- 
mechan i sm m a y  con t r ibu te  to special discorders  of 
h u m a n  urodynamics ,  and, consequent ly ,  t h a t  a dif- 
fe ren t ia ted  pharmacologica l  t r e a t m e n t  of P- and  T-com- 
p o n en t s  m a y  be useful  in therapeut ics .  

7 K. Boev, K. Golenhofen and J. Lukanow, in: Physiology of 
smooth muscle, p. 203. Ed. E. Bfilbring and M. F. Shuba. 
Raven Press, New York 1976. 

8 J. Hannappel and K. Golenhofen, Pflfigers Arch. 350, 55 (1974). 

Oviposition r h y t h m  o f  i n d i v i d u a l  Drosophi la  melanogas ter  1 

W. Fluegel 

Department o~ Biology, University o/ Minnesota, Duluth (Minnesota 55872, USA), 73 June 1977 

Summary. Ind iv idua l ly -housed  Drosophila melanogaster show a gradual  b imoda l  rise in egg p roduc t ion  wi th  a ma jo r  
cres t  shor t ly  af ter  dusk.  The crest  dr i f ts  t oward  noon af ter  2 to  3 days.  The r h y t h m  is hourglass.  

Oviposi t ion  r h y t h m  in Drosophila melanogaster is r epor ted  
to occur a t  da rk  or dusk 2-5 as well as dur ing  mida f t e rnoon  
or before dusk  6. Pe rhaps  the  m e t h o d  of collecting eggs 
influences resul ts  6. Several  collections per  day  d i s tu rb  
the  flies w i thou t  provid ing  the  cons t an t  condi t ions  
necessary  to s t u d y  rhy thms .  A n u m b e r  of flies in one 
cham be r  m a y  also d i s tu rb  each  o ther  thus  lowering egg 
p roduc t ion  7 and p reven t ing  cons t an t  condi t ions  for each 
individual .  An amorous  male m a y  d i s tu rb  a female in 
her  oviposi t ion behavior  when pairs  are used.  Conse- 
quent ly ,  i t  was desirable to t e s t  individual ,  m a t e d  
females. My resul ts  are d i f ferent  f rom all o the r  reports .  
I show the  r h y t h m  to be b imodal  with the  major  cres t  
init ial ly a t  dusk. Indiv iduals  show a dr i f t ing  or shif t ing 
of the  peak  towards  noon.  

Methods. A clock m o t o r  moves  a conveyor  bel t  a t  the  
ra te  of 72 cm in 24 h. A Plexiglas  food t r ay  on the  be l t  
has  25 lengthwise  channels  abou t  1 m m  wide and 5 m m  
deep. The t r ay  is a b o u t  15 cm wide and  84 cm long. 
Food is pressed into t he  channels .  The food consists  of 
100 ml vinegar,  100 ml r econs t i tu t ed  frozen grape juice 
(Welch), 15 g viable  d ry  yeast ,  30+ g dr ied  m a s h e d  
p o t a t o  (enough to  make  a paste) .  
In  a s t a t i ona ry  pos i t ion  above the  t r a y  are 25 ver t ica l  
chamber s  made  f rom glass tub ing  (ID 4 mm,  OD 6 m m  
and  10 cm long) c e m e n t e d  to a me ta l  plate.  E a c h  c h a m b e r  
is b isected by  a channe l  below. There  is jus t  enough  
clearance to p r e v e n t  escape of the  ind iv idua l  f ly and  to  
allow p ro t rud ing  eggs to  pass  u n d e r n e a t h  the  chambers .  
An a l u mi n u m r ive t  caps  each tube .  A ceiling of we t  
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Daily oviposition 12h light:12h dark 

Fig. 1. A daily oviposition rhythm lasting 9 days on a 12L:12D 
regimen. Data from 18 surviving flies. Plot is a 3-point moving 
average. Note the minor peak during the dark phase. 
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sponges  p reven t s  the  t r ays  below f rom dry ing  while 
h u m i d i t y  is kep t  h igh  wi th  a piece of po lye thy lene  
cover ing the  comple te  conveyor  sys tem.  Light  is furnished 
by  one 40 W whi te  f luorescent  bulb  suspended  2 feet  
f rom the  conveyor .  For  all s tudies  repor ted  here, excep t  
tile hourglass  exper iment ,  l ight ing was on a 12L:12D 
regimen.  
Mated  female flies are 2 days  old when  placed in the i r  
separa te  chambers .  They  lay the i r  eggs in the  food, 
somet imes  on the  Plexiglas  surface. If  Nor i t  or congo red 
is added  to  the  food, the  color con t ras t s  w i t h  the  eggs 
and  faci l i ta tes  recording.  The exac t  locat ion of each egg 
is marked  Oil a s t r ip  of pape r  when  the  t r a y  is v iewed 
wi th  an ex tens ion  a rm dissect ion microscope.  The 
t r a y  is moved  on a sl iding bar  and every  t ime  an egg 
is seen, the  locat ion is recorded.  E a c h  channel  is recorded 
in the  same manner .  The recording resembles  an act�9 
g raph  of 25 flies. 
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Fig. 2. Eggs per h are tabulated from the record. Daily peaks are 
marked (@) along with important numbers of eggs (O). Graph A is 
data from the same 18 flies used for figure 1; (�9 15 or more eggs 
per h. For flies B, C, D (0) is 2 or more eggs per h. Fly B was a very 
poor producer compared to C and D. Fly C shows gradual drift of 
peak, D shows abrupt shift. Note that in A, C and D the bulk of eggs 
are laid during the light phase. In B, C and D there are days when 
2 peaks are equal. 
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Fig. 3. Demonstration of the hourglass nature of oviposition. Dim 
light used for 72 h (shown as alternate 12-h-stripes; upward right 
stripes would have been normal light span, upward left the dark 
span). The line is a direct plot of the raw data from 21 flies surviving 
the experiment. Dots represent a 3-point moving average but are 
displaced upward by 50 eggs for comparison. Arrows represent time 
when food trays were changed. Similar results occur under constant 
light, i.e., a dampening out of the rhythm and tray change distur- 
bance inducing oviposition. 

Results. Varia t ion  in minu te -by -minu te ,  hourly,  and 
dai ly  p roduc t ion  is seen in all flies. Some flies are be t t e r  
p roducers  t h a n  others .  Some are s t imula ted  to  �9169 
as soon as a t r a y  is replaced,  while o thers  will no t  lay 
eggs for several  hours.  This indiv idual  var iabi l i ty  was 
not iceable  dur ing  p r o t o t y p e  expe r imen t s  when  t r ays  
were changed  dur ing  r a n d o m  t imes  and  la ter  under  
s t anda rd i zed  procedures  where t r ays  were changed 
dur ing  the  f irs t  hour  of the  l ight  phase.  The flies appear  
to be less sensi t ive  a t  this  t ime.  
Ind iv idua l  p roduc t ion  can be pooled wi th  the  results  
showing a b imoda l  r h y t h m .  In  figure 1, the  record da t a  
was t r ea t ed  by  using a 3-point  moving  average  to  smoo th  
the  curve.  The b imoda l  na tu re  of t he  curve survives  the  
t r e a t m e n t  on mos t  days.  The modes  are general ly  no t  
equal.  The raw d a t a  can be p lo t ted  in a d i f fe rent  manne r  
to  show when  the  major  peak  occurs. The peak  dr i f ts  
f rom dusk  to  noon (figure 2, A). Ind iv idua l  flies show this  
more  d ramat ica l ly  (figure 2, C, D). The bulk  of eggs are 
laid dur ing the  l ight  phase  and t ape r  in to  the  da rk  phase.  
The hourglass  na tu re  of the  r h y t h m  was found  under  
cont inuous  d im l ight  (figure 3). Trays  were changed  at  
r a n d o m  t imes  (arrows). In  so doing, a surge of eggs were 
laid followed by  a l inear decline. The f irs t  peak  wi th  its 
earlier shoulder  is comparab le  to  the  no rma l  b imodal  
r h y t h m  seen in o the r  graphs.  Af te r  w h a t  would be the  
f i rs t  day,  the re  is no discernable  r h y t h m .  
Discussion. The use of a rec tangula r  t r a y  has  more  advan-  
tages  t han  using a disc% All channels  offer a uniform 
a m o u n t  of food at  a un i form rate.  Record ing  the  exac t  
pos i t ion  of each egg for p e r m a n e n t  records  no t  only  gives 
to ta l  eggs per  h bu t  allows o the r  types  of analyses.  
D i sadvan tages  of the  sys tem are t h a t  a few eggs are laid 
on the  ch amb e r  walls and the  t r ays  need  to be changed  a t  
least  once a day.  Fu t u r e  use of a con t inuous  mois t  food 
t ape  m a y  solve the  l a t t e r  problem.  
The ind iv idua l i ty  of each f ly 's  oviposi t ion is ev iden t  
f rom examin ing  the  records  direct ly.  In  total ,  the  h in t  of 
a b imodal  r h y t h m  can be seen for mos t  flies. H o w e v e r ,  
the  evidence is clear when in fo rmat ion  f rom individuals  
(not shown) and pooled da t a  (figure 1) are graphed.  
Al though the  r h y t h m  is b imodal ,  the  modes  are no t  
equal.  A p p a r e n t l y  b imodal  r h y t h m s  are quite  commonS. 
I f ind no o the r  s tudies  using a 12L:12D l ight ing regimen 
which show drif ts  or shif ts  af ter  an init ial  se t  t ime for 
the  peak. 
W h e n  o the r  inves t iga tors  use groups  of flies there  may  
be a social effect  which causes the  oviposi t ion crest  to 
remain  at  dusk.  Then,  too, the  inves t iga tors  m a y  no t  have  
run  the i r  expe r imen t s  long enough  to see the  drift .  An 
exp lana t ion  for the  dr i f t  m a y  be t h a t  older females t end  
no t  to re ta in  the i r  eggs as long as younger  ones". 
Ev idence  f rom l igh t -dark  s tudies  of ovipos i t ion  ~ suggests  
the  hourglass  na tu re  of the  r h y t h m .  W h e n  I use cons tan t  
condit ions,  the  r h y t h m  d amp en s  immed ia t e ly  conf i rming 
the  hourglass  model.  
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