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control systems; although, no honest or immediate at- 
tempt will be made to explain this unusual phenomenon. 

There was no noticeable difference in the timing of the 
onset of the body temperature rhythm between Decem- 
ber and February controls; although differences in the 
amount  of act ivi ty and/or arousal were believed to be 
part ly associated with the longer time that February bats 
spent in hibernation prior to laboratory cold exposure as 
compared to December bats. Members of both control 
groups appeared healthy and in good physiological states 
prior to and during experimental cold exposure. The 
similarity in the t iming of the onset of the body tempera- 
ture rhy thm is new evidence supporting the existence of a 
biological rhythm in hibernating bats at low ambient 
temperatures. 

Winter  bats when exposed to the cold revealed an 
endogenous-type 24-h body temperature rhythm or a 
multiple of the 24 h rhythm regardless of the number of 
days (0-48) they had been held at 33°C prior to cold ex- 
posure. These rhythms were either in the form of a major 
rise in body temperature to the active level or a more 
subtle rise of one or two degrees. The rise in body tem- 
perature during the laboratory cold exposure in total 
darkness occurred quite regularly between the hours of 
15.30 and 18.30 (averages appear in the Figure). The onset 
of arousal coincided with the onset of winter darkness; 
although bats had been exposed to a summer-like day- 
night cycle a t  33°C prior to cold exposure. This pheno- 
menon suggests tha t  biological rhythms in species of 
hibernating bats, such as the onset of body temperature 
cycling for ~I. luci/ugus, are established in nature from 
environmental  cues and are maintained for a period of 

time even under a new or changing regime of onvff environ- 
mental conditions in the laboratory. 

If changes in arousability and activity are indice~ndices of 
heat acclimation, we can conclude that  bats in wifin winter 
probably become heat-acclimated between 2-4 we-4 weeks 
when held at a neutral temperature of 33°6, although hough heat 
acclimation has little noticeable effect on the onset of tset of the 
body temperature rhythm. This period of time for m for the 
establishment of heat acclimation is consistent with twi th  tha t  
reported for true homeothermsL Heat-acclimated wired winter 
bats arouse from the cold in a manner similar to that~o that  re- 
ported for true summer bats n. 

Zusammen[assung. Kieine braune Fiederm~iuse, M)se, Myotis 
luci/ugus, wurden dcm Winterschlaf entzogen und eiund einer 
neutralen Temperatur yon 33°C wghrend 0-48 Tagen gagen aus- 
gesctzt und darauf drei Tage lang 10°C. Bei Fledermgu:erm~iusen, 
welche K~ilte (10°C) ausgesetzt waren, erwies die T~ die Tem- 
peraturkurve im allgemeincn, dass das Verhttltnis liltnis und 
das Ausmass des Erwachens sowie die Regelung Ielung der 
T~itigkeit oder K6rpertempemtur proportional mit d mit der 
Dauer abnahmen, w~hrend welcher sic der Hitze (3~tze (33°C) 
ausgesetzt waren. 
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D a i l y  R h y t h m s  in the  Endocr ine  Glands of 
D r o s o p h i l a  L a r v a e  

Many impor tant  functions of insect larvae, such as 
metabolism, growth, molting, and differentiation, are 
under the control of hormones, which are produced in the 
neurosecretory cells, the corpora allata, and the pro- 
thoracic glands ~. At the same time some of these functions 
are controlled by circadian rhythms, as for example the 
t iming of developmental steps like the pupal molt ~ or 
eclosion ~ in Drosophila. Therefore, it  seemed of major 
interest whether the endocrine system in Drosophila lar- 
vae is connected somehow with the 'clock', as studies on 
adult  flies have suggested L In  Dipteran larvae the corpus 
al latum is located in the dorsal, and the prothoracic gland 
in the lateral par t  of the ring gland; most neurosecretory 
cells are found in the pars intercerebralis of the brainL An 
indication of the secretory activity of gland cells can be 
derived from the size of their nuclei and nucleoli% which 
may be proportional to the amount of tRNA synthesisL 

Larvae from highly inbred stocks of Drosophila melano- 
gaster (Meig.) were raised synchronously under stand- 
ardized conditions. They were kept at a controlled con- 
stant  temperature of 20°C in two cabinets with a 12 h 
light 12 h dark cycle, one with the light period from 10.00 
to 22.00, the other from 22.00 to 10.00. At the desired 
age larvae from both cabinets were killed at 3 h intervals 
over a period of 12 h, and then immersed in Carnoys or 
Bouins fixative. Sections of 4/~ were cut and stained for 

RNA a or neumseeretory material'. The methods of rods of meas- 
uring the size of the nuclei and nueleoli were the samhe same as 
described earlier4: the values for the long and short d~hort diam- 
eter of every nucleus were multiplied and the pro~e product 
taken as an indication of nuclear size. The diameteiameters of 
the nuclei measured between 3 # and 20 #, and the p~ the preci- 
sion of the measurements was 4-0.3 #, Ten or ra or more 
nuclei of each tissue of every larva were measured asured and 
individual means determined ; about ten individual mdual means 
were averaged and standard errors calculated for e/ for every 
point in the curve for the 6th day of development pment (one 
day before puparium formation). 

Since the larvae are growing, any possible fluctu~fluctuation 
of nuclear size must be determined relative to the ov the overall 
growth trend. We measured and calculated the gro:he growth, 
which in larval tissue takes place without cell divisll divisions, 
for cach tissue from the 4th to the 7th day of larva}~ larval life. 
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F r o m  e v e r y  p o i n t  of t he  da i ly  c u r v e  t h e  c o r r e s p o n d i n g  
v a l u e  of t h e  g r o w t h  c u r v e  was  s u b t r a c t e d  a n d  t h e  p lus  
or  m i n u s  dev i a t i ons  p lo t t ed .  T h e  v a r i a b i l i t y  of  t h e  nu-  
c lear  size b e t w e e n  i nd iv idua l s  in a g roup  was in t h e  r a n g e  
of 1 2 - 2 2 %  in t he  corpus  a l l a t u m  a n d  fat b o d y  cells, a n d  
25 31% in t he  p r o t h o r a c i e  g l and  cells; mu l t i p l e  measu re -  
m e n t s  on  one  i n d i v i d u a l  i n d i c a t e d  a n  ave rage  s a m p l i n g  
e r ror  of 6 .5%. 

The  F igure  a - d  shows t he  changes  in  t he  size of t h e  
nuc leus  of n e u r o s e c r e t o r y  ceils, co rpus  a l l a tum,  f a t  b o d y  
a n d  p r o t h o r a c i c  g l and  cells d u r i n g  24 h ;  al l  show a bi -  
m o d a l  p a t t e r n  w i t h  m a x i m a  c o n s i s t e n t l y  occur r ing  3 h 
before  d a w n  a n d  dusk .  T h e  m a x i m a  a n d  m i n i m a  of neuro -  
secre tory ,  corpus  a l l a t u m  a n d  fa t  b o d y  cells are signif i-  
c a n t l y  d i f fe ren t  in  t h e i r  va lues  as m e a s u r e d  b y  a t - tes t  
(p - 0.01-0.05).  T h e  n e u r o s e c r e t o r y  cells (Figure  a) dis- 
p l ay  a h i g h e r  p e a k  before  d a w n  c o m p a r e d  to  t h a t  before  
dusk ,  b u t  no  obv ious  d i f ferences  in t he  shape  of these  two 
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Daily fluctuations in nuclear (a-d) and nucleolar (e} size relative to 
growth, a, Neurosecretory cells; b, corpus atlatmn cells; c, fat body 
calls; d, e, prothoracic gland cells. Abscissa - time in h after dawn 
and dusk; the night part of the Figure is repeated. Ordinate - devia- 
tions from the average growth as described in the text. Standard 

errors indicated by the vertical lines. 

m a x i m a .  Corpus  a l l a t u m  a n d  f a t  b o d y  nucle i  (F igure  b, c) 
show a v e r y  s imi la r  p a t t e r n ,  e x c e p t  t h a t  t h e  p e a k  a t  d a w n  
is s o m e w h a t  b r o a d e r  t h a n  t h a t  a t  dusk .  T h e  nucle i  of t h e  
p r o t h o r a c i c  g l ands  (F igure  d) v a r y  co n s i d e r ab l y  in t h e i r  
size, b u t  aga in  two peaks  appear ,  t h e  b r o a d e r  one  th i s  
t i m e  before  d u s k  a n d  t h e  smal l e r  a n d  s t eepe r  before  dawn .  
T h e  nucleol i  of the  p r o t h o r a c i c  g lands  (F igure  e) e x h i b i t  a 
s imi la r  p a t t e r n  of size change ,  e x c e p t  t h a t  one  p e a k  occurs  
3 h earl ier .  

No r h y t h m  was  expec t ed  in t h e  f a t  b o d y  cells w h i c h  
were  i nc luded  as  a cont ro l .  T h e  f ac t  t h a t  t h e  f a t  b o d y  
cells also d i sp l ayed  a r h y t h m  s imi l a r  to  t h e  o t h e r  g l ands  
led us to  check  t h e  overa l l  size of some  samples ,  b u t  
n e i t h e r  t h e  size of t h e  b r a i n  n o r  t h e  size of t h e  whole  sec- 
t i o n  seemed  to  follow a c o m p a r a b l e  p a t t e r n .  O t h e r  pos-  
sible e x p l a n a t i o n s  of t h e  f indings ,  for  e x a m p l e  synchro -  
nous  mi tos i s  or  en d o mi t o s i s  or  u n e v e n  t r e a t m e n t  of t h e  
slides, could  n o t  be  found,  a n d  i t  is conc luded  t h a t  t h e  
o b s e r v e d  v a r i a t i o n s  in  n u c l ea r  size m o s t  l ike ly  ref lec t  t h e  
m e t a b o l i c  a c t i v i t y  of t h e  cell. T h e  f a t  body ,  wh ich  is in-  
v o l v e d  in  f a t  a n d  p r o t e i n  s to rage  a n d  m e t a b o l i s m  a n d  
which  h a s  p e r h a p s  a n  ana logous  f u n c t i o n  to  t h e  v e r t e b r a t e  
l iver  ~°, m a y  v e r y  wel l  c h a n g e  i ts  a c t i v i t y  r h y t h m i c a l l y ,  
con t ro l l ed  b y  co rpus  a l l a t u m  11 a n d  p r o t h o r a c i c  g l and  
h o r m o n O * .  

F o r  t h e  f i rs t  t i m e  a c i r cad i an  r h y t h m  is i n d i c a t e d  for  
t h e  ecdysone  p roduc t ion ,  sugges t ing  t h a t  o t h e r  ecdysone-  
d e p e n d e n t  p h e n o m e n a  m a y  also c h a n g e  r h y t h m i c a l l y .  
N e u r o s e c r e t o r y  cells a n d  co rpus  a l l a t u m  e x h i b i t  a p a t t e r n  
v e r y  s imi la r  to  t h a t  f ound  in  a d u l t  flies*; t h e  co rpus  al ia-  
tu rn ,  however ,  seems to  h a v e  a d i f f e ren t  p h a s e  ang le  
r e l a t ive  to  t h e  n eu ro s ec r e t o ry  cells:  in  a d u l t s  co r re spond-  
ing  po in t s  on  t h e  cu rve  occur  3 h ear l ier ,  in  l a rvae  e i t he r  
a t  t h e  s a m e  t i m e  or  12 h a p a r t .  T h e  resu l t s  in  genera l  
u n d e r l i n e  t h e  i m p o r t a n c e  of h o r m o n e s  in  da i ly  r h y t h m i c  
p h e n o m e n a  l ike mol t ing ,  p u p a t i o n ,  e m e r g e n c O  a, loco- 
m o t o r y  a c t i v i t y  a n d  metabol i smXL 

Zusammen/assung. Neurosek re to r i s che  Zellen,  Corpus  
a l l a t u m ,  P r o t h o r a x d r / i s e n -  a n d  Fe t tkOrpe rze l l en  in Dro-  
s o p h i l a l a r v e n  zeigen t~gl iche,  zweigipfl ige S c h w a n k u n g e n  
de r  Zel lkerngr6sse.  E i n  ~hnl iches  M u s t e r  k o n n t e  a u c h  in 
d en  Nueleol i  de r  P r o t h o r a x d r f i s e n  b e o b a c h t e t  werden .  
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