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0 .001% emul s ion  of t he  I G R  was comple t e ly  s topped .  
M a n y  l a rvae  d ied  a l r eady  in t he  f i rs t  ecdysis,  a n d  those  
of t he  male  la rvae ,  w h i c h  passed  t h rough ,  p roceeded  
successful ly  on ly  to  t he  n y m p h a l  s tage  b u t  fai led to 
m e t a m o r p h o s e  in to  adul t s .  
T h e  af fec ted  n y m p h s  died  m o s t l y  in  ecdysis  b u t  some 
of t h e m  succeeded a c t u a l l y  in  m o u l t i n g  in to  i n t e r m e d i a r y  
fo rms  b e t w e e n  t he  s u p e r n u m e r a r y  n y m p h s  a n d  adu l t s  
( i n t e rmed ia t e s  I) cha rac t e r i zed  b y  n y m p h a l - l i k e  sho r t  
wing  b u d s  and  adu l t - l ike  ana l  p la tes  a t  t he  a b d o m i n a l  
t ip  covered  w i t h  pores  (figure 3). The  i n t e r m e d i a t e s  
s t a r t e d  1-2 a d d i t i o n a l  ecdyses  wh ich  were n e v e r  f in ished 
w i t h  eclosion. The  l a c t opheno l  whole  m o u n t s  o f ten  re- 
vealed ,  u n d e r n e a t h  t he  skin  of t he  i n t e r m e d i a t e s  I, 1-2  
cu t i cu l a r  layers  of i n t e r m e d i a t e s  I I  a n d  I I I .  T h u s  t he  
m o r p h o g e n e t i c  changes  occur r ing  d u r i n g  2-3 supe rnu -  
m e r a r y  i n s t a r s  could  be  s tud ied  on  t he  same a n i m a l  
(figure 4). The  m o s t  s t r i k ing  fea tu re  was t he  r e d u c t i o n  
in  the  n u m b e r  of pores  on  t he  ana l  p la t e s  in t he  succession 
f rom the  i n t e r m e d i a t e  I ( uppe rmos t  skin) w i t h  a b o u t  ha l f  
t he  n u m b e r  (35-50) to  t he  i n t e r m e d i a t e  I I I  ( the v e r y  
i n n e r  skin) w i t h  on ly  few pores  lef t  (0-3). S imul t aneous ly ,  
also t he  t ip  of the  a b d o m e n  is g e t t i n g  more  b l u n t  in  each  
successive s tage.  
The  ana l  pore  p la t e s  of t he  male  m e a l y  bugs  are t he  a d u l t  
cha rac t e r i s t i c  w h i c h  d i f f e ren t i a t e s  d u r i n g  t h e  n y m p h a l  
m e t a m o r p h o s i s  ins ta r .  T he  r educ t i on  of t he  n u m b e r  of 
these  pores  in  2-3 successive n y m p h a l - a d u l t  i n t e r m e d i a r y  
i n s t a r s  is a new e x a m p l e  of reversa l  of a n  a d u l t  s t r u c t u r e  
i nduced  b y  a J H - a c t i v e  s u b s t a n c e  in a n  i n t a c t  insect .  
Th i s  o b s e r v a t i o n  is c o n s i s t e n t  w i t h  t he  resu l t s  of exper i -  
m e n t s  wh ich  p r o v e d  t h a t  t he  a d u l t  ep idermis  ha s  t h e  
c a p a c i t y  to  secrete  juven i l e  cut ic le  w h e n  t r a n s p l a n t e d  
in to  or c o n n e c t e d  w i t h  t he  l a rva l  mil ieu 6-n.  J H  appea r s  
t o  be  respons ib le  for these  changes  as J H - a c t i v e  I G R s  
app l ied  to  Tenebrio p u p a e  cause  a ' l a r va l i z a t i on '  of t h e  
cut ic le  TM. All these  resu l t s  p rove  t h a t  J H  and  J H - a c t i v e  
I G R s  possess an  in t r ins i c  m o r p h o g e n e t i c  a c t i v i t y  which  
is exe r t ed  d i rec t ly  on  t he  t a r g e t  t issues.  M a n y  p a r t s  of 
t he  ep ide rmis  r e m a i n  c a p a b l e  of r e v e r t i n g  f rom t he  more  

d i f f e ren t i a t ed  t y p e  b a c k  to t he  l a rva l  p a t t e r n  u n d e r  t he  
inf luence  of J H ;  t he  o t h e r  p a r t s  are ea r ly  c o m m i t t e d  
i r r evocab ly  to  lay  d o w n  imag ina l  s t r u c t u r e s  13. 
The  J H - i n d u c e d  r eve r sa l  of m e t a m o r p h o s i s  c an  be  well  
exp la ined  b y  a n  a c t i v a t i o n  of specific genes of conser-  
v a t i v e  cha rac t e r i s t i c s  1,. A n o t h e r  concep t  which  views t he  
J H  as a repressor  of t h e  new genet ic  i n fo rma t ion ,  t he  
s t a t u s  quo concept15,1~, leaves  no room for a n y  such  
revers ion  of t he  once a t t a i n e d  degree  of d i f fe ren t ia t ion .  
A p a r t  f rom i ts  d i r ec t  m o r p h o g e n e t i c  effect,  J H  seems to  
inf luence  t he  m e t a m o r p h o s i s  also ind i r ec t ly  b y  reduc ing  
t he  t i t r e  of t he  m o u l t i n g  and  d i f f e r en t i a t i on  h o r m o n e  
ecdysone  in t he  b l o o d l L  This  d u a l  role of J H  expla ins  
t he  i n h i b i t i o n  of ecdysis  occur r ing  para l le l  to  t he  m o r p h o -  
genet ic  changes  in m e a l y  bugs  a n d  m a n y  o t h e r  insec ts  
t r e a t e d  wi th  J H - a c t i v e  IGRs .  On t he  o t h e r  h a n d ,  t he  
ecdysone  i n h i b i t i n g  role of J H ,  s epa ra t ed  f rom t h e  
m o r p h o g e n e t i c  ac t iv i ty ,  is d e m o n s t r a t e d  b y  t he  d e a t h  of 
t he  y o u n g  l a rvae  in  t he  f i rs t  ecdysis  in  m e a l y  bugs  3, 
scale insectslS, TM, roaches  ~~ and  o the r  insec ts  ~t t r e a t e d  
w i t h  J H - a c t i v e  IGRs .  
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Summary. The  d i u r n a l  feeding r h y t h m  of female  mi lkweed  bugs  was d a m p e d  w h e n  fed n o n h o s t  seeds. J u v e n o i d  t r ea t -  
m e n t  p a r t i a l l y  r e s to red  t he  n o r m a l  r h y t h m .  Precocene  I I - t r e a t e d  mi lkweed  seed-fed females  fed a r r h y t h m i c l y  du r ing  
t he  l igh t  phase  w i t h o u t  r educed  t o t a l  feeding ac t iv i ty .  This  effect  was  la rgely  p r e v e n t e d  b y  s imu l t aneous  t r e a t m e n t  
w i t h  J H  I I I .  

L i t t l e  is k n o w n  a b o u t  t he  role of h o r m o n e s  in insec t  
c i r cad ian  r h y t h m s .  Poss ible  neu roendoc r ine  coupl ing  in 
t he  c i r cad ian  locomoto r  r h y t h m s  of a cockroach  ~ and  a 
c r i cke t  3, as well  as for  s p e r m a t o p h o r e  p r o d u c t i o n  in 
cr ickets  4 ha s  been  proposed .  However ,  i t  has  been  po in t ed  
o u t  5,~ t h a t  t he  ev idence  is in  no i n s t ance  en t i r e ly  con-  
s i s t en t  no r  comple t e  and  hence  needs  f u r t h e r  s tudy .  
T r u m a n  a n d  R idd i fo rd ' s  7 d e m o n s t r a t i o n  of t he  invo lve-  
m e n t  of a d i f fusable  b r a i n  h o r m o n e  in the  c i r cad ian  eclo- 
sion b e h a v i o u r  of s i l k m o t h s  t h u s  s t a n d s  as t he  on ly  un-  
d i s p u t e d  example  of i n v o l v e m e n t  of a h o r m o n e  in a n  
insec t  b e h a v i o u r a l  c i rcad ian  r h y t h m .  
D u r i n g  t he  f i rs t  week  a f t e r  eclosion, adu l t  f emales  of t h e  
large mi lkweed  bug,  Oncopeltus ]asciatus (Dallas),  g r a d u a l l y  
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Standard errors for data  in the figure and total feeding activity 

EXPERIENTIA 33/11 

Trea tment*  Standard errors 
1 h 7 h 11 h 15 h 

Total feeding** 
activity SE 

NHS, M, A 0.7 0.7 0.7 1.0 43.0 2.3 
NHS, M, J 1.2 1.0 1.4 1.7 73.6 3.7 
MW, M, A 2.1 1.6 2.7 2.6 83.6 4.2 
MW, M, J 1.9 1.6 2.0 1.9 89.7 4.4 
NHS, V, A 0.7 0.8 0.7 0,8 41.2 2.5 
NHS, V, J 1.0 0.7 0.5 2,1 62.0 2.6 
MW, V, A 1.3 1.9 1.3 2.7 62.0 2.9 
MW, V, J 1.6 1.9 L8 2.0 62.9 2.2 

MW, V, A 3.1 1.9 1.8 2.1 64.0 6.3 
MW, V, J 1.3 1.3 2.1 1.9 67.5 0.5 
MW, V, JH III 2.1 1.4 2.7 2.9 78.0 4.9 
MW, V, P-II 3.2 4.2 3.6 4.9 94.4 8.7 
MW, V, J, P-II 2.1 1.9 2.4 1.7 80.5 6.4 
MW, V, JH  III,  P-II 4.2 2.5 2.3 5.0 106.1 9.8 
MW, V, A (12-30 days) 1.2 0.8 1.5 2.8 48.8 5.5 
MW, V, P-II (12-30 days) 3.2 0.9 2.9 1.6 65.3 9.4 

* NHS, nonhost diets; MW, milkweed seed diet; M, mated;  V virgin; A, acetone; JH,  juvenile hormone; J, juvenoid; P-II, precocene II. 
** The sum of the mean activity for each time period for the given observation period. The potential max imum for the 6-30-day-period is 
400 and for the 12-30-day-period is 304. 
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Effect of diet, juvenoids and precocene II on the diurnal feeding 
rhy thm of female milkweed bugs under a 16L-8D photoperiod. 
2 ~g of JH  III  or the joUVenoid or 10 [zg of precocene II were topically 
applied every other day to females ~n certain treatments.  Precocene 
II t reatments  began the day before eelosion and juvenoid or JH  III 
t reatments  began the day of eelosion. The values given are the means 
of the sums of feeding activity for each replicate consisting of 4 
females for the given observation period. The potential max imum 
value for the 6-30-day-period is 100 and for the 12-30-day-period 
is 76. 

d e v e l o p  a d i s t i n c t  d i u r n a l  f e e d i n g  r h y t h m  w h i c h  m a y  b e  
c i r c a d i a n ,  a l t h o u g h  i t  d e c a y s  w i t h i n  1 -3  d a y s  u n d e r  c o n -  
s t a n t  l i g h t  o r  d a r k n e s s  s. I t e s t e d  t h e  p o s s i b i l i t y  t h a t  
j u v e n i l e  h o r m o n e  ( JH)  is a r e g u l a t o r y  c o m p o n e n t  of  t h i s  
r h y t h m  b y  i n d u c i n g  a p a r t i a l  o r  c o m p l e t e  J H  d e f i c i e n c y  
b y  a) t r e a t i n g  a d u l t  f e m a l e s  w i t h  t h e  a n t i a l l a t o t r o p i c  
a g e n t  p r e c o c e n e  I19 a n d  b) f e e d i n g  f e m a l e s  n o n h o s t  
s e e d s  x~ a n d  t h e n  a t t e m p t i n g  t o  p r e v e n t  t h e  o b s e r v e d  
e f f e c t s  b y  s i m u l t a n e o u s  t r e a t m e n t  w i t h  a j u v e n o i d .  
M e t h o d s .  A d u l t s  for  a l l  e x p e r i m e n t s  w e r e  o b t a i n e d  f r o m  
n y m p h s  r e a r e d  a t  25 ~ o n  m i l k w e e d  seeds .  I n  e x p e r i m e n t  
1, g r o u p s  of  4 v i r g i n  o r  m a t e d  f e m a l e s  we re  f ed  m i l k w e e d  
s e e d s  o r  1 of  3 n o n h o s t  s e e d s :  s u n f l o w e r ,  c a s h e w  or  
w a l n u t .  S o m e  g r o u p s  o n  e a c h  d i e t  w e r e  t o p i c a l l y  t r e a t e d  
w i t h  2 a g  of  t h e  j u v e n o i d  ( E ) - 4 - [ ( 6 , 7 - e p o x y - 3 - e t h y l - 7 -  
m e t h y l - 2 - n o n e n y l )  o x y ~ - l , 2 - ( m e t h y l e n e d i o x y )  b e n z e n e  n 
e v e r y  o t h e r  d a y .  F e e d i n g  a c t i v i t y ,  d e f i n e d  as  t h e  n u m b e r  
of  b u g s  w i t h  t h e  s t y l e t s  a n c h o r e d  in  a seed ,  w a s  o b s e r v e d  
a t  2, 7, 11 a n d  15 :E 1 h a f t e r  l i g h t s - o n  in  a 1 6 L - 8 D  cyc le  
a t  25 ~ T h e  d a t a  for  d a y s  6 - 3 0  a f t e r  e c l o s i o n  we re  p o o l e d  
t o  o b t a i n  t h e  m e a n s  for  e a c h  t r e a t m e n t .  T h e  r e s u l t s  for  
t h e  3 n o n h o s t  d i e t s  we re  s i m i l a r  e n o u g h  to  j u s t i f y  p o o l i n g  
t h e  d a t a  for  t h e s e  d i e t s  for  s i m p l i c i t y  of  p r e s e n t a t i o n  
( f igure  A, B ;  t ab l e ) .  I n  e x p e r i m e n t  2 m i l k w e e d - f e d  v i r g i n  
f e m a l e s  w e r e  t r e a t e d  a) w i t h  p r e c o c e n e  II, b) w i t h  b o t h  
p r e c o c e n e  I I  a n d  t h e  j u v e n o i d  o r  J H  III,  a p p l i e d  to  
d i f f e r e n t  a r e a s  of  t h e  a b d o m e n  o n  a l t e r n a t e  d a y s ,  c) w i t h  
p r e c o c e n e  I I  t h r o u g h o u t  t h e  3 0 - d a y  p e r i o d  a n d  w i t h  J H  
I I I  for  o n l y  t h e  f i r s t  6 d a y s .  O t h e r w i s e  t h e  m e t h o d o l o g y  
w a s  t h e  s a m e  as  in  e x p e r i m e n t  1. 
Resu l t s .  D a m p i n g  of  t h e  r h y t h m  a s  we l l  a s  r e d u c e d  t o t a l  
f e e d i n g  a c t i v i t y  ( the  s u m  of a c t i v i t y  a t  2, 7, 11 a n d  15 h) 
w a s  o b s e r v e d  on  al l  n o n h o s t  d i e t s  in  b o t h  v i r g i n  a n d  
m a t e d  f e m a l e s  ( f igure  A, B ;  t a b l e ) .  J u v e n o i d  t r e a t m e n t  

8 R . L .  Caldwell and H. Dingle, Biol. Bull., "Woods Hole 133, 
510 (1967). 

9 W . S .  Bowers, T. Ohta, J. S. Cleere and P. A. Marsella, Science 
193, 542 (1976). 

10 W . F .  Walker, Envir. Entomol. 5, 599 (1976). 
11 W . S .  Bowers, Science 164, 323 (1969). 
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par t ia l ly  restored the  r h y t h m  on the  nonhost  diets, pri- 
mar i ly  by  increasing feeding dur ing the  late photophase.  
Precocene I I  caused an a r rhy thmic  feeding pa t te rn( f igure ,  
C), w i thou t  reducing to ta l  feeding ac t iv i ty  (table), while 
s imul taneous  t r e a t m e n t  wi th  the  juvenoid  or J H  I I I  
largely restored the  normal  r h y t h m  (figure, D). Fur ther -  
more,  when J H - I I I - t r e a t m e n t  was discont inued af ter  the  
6th day,  the  r h y t h m  was essent ial ly e l iminated  be tween 
the  12th and the  30th day  (figure, C), indicat ing tha t  J H  
was no t  jus t  involved  in the  in i t ia t ion of the  rhy thm.  
Discussion. One mus t  consider the  possibi l i ty  t ha t  the  
feeding r h y t h m  m a y  be inf luenced by  the  oviposi t ion 
rhy thm,  as the period of max ima l  oviposi t ion coincides 
wi th  the  min imal  feeding period dur ing the  photophase  s 
Since J H  is also essential  for ovar ian  ma tu ra t ion  1~, J H  
deficiency migh t  induce photophase  feeding a r rhy thmic i t y  
indi rec t ly  by  e l iminat ing oviposi t ion behaviour .  However ,  
a p ronounced  r h y t h m i c i t y  was ev iden t  in males and in 
vi rgin  milkweed-fed females a l though they  oviposi ted a 
mean  of only 1.9 t imes dur ing the  30-day-period. AIso, 
as previous ly  observed s, cyclic feeding is in i t ia ted before 
oviposi t ion begins, indicat ing t h a t  the  2 cycles are not 
obl igator i ly  coupled. 
Apparen t ly ,  J H  does no t  act  as a p rox imal  s t imulus  for 
deve lopmen t  of the  rhy thm,  as juvenoid  t r e a t m e n t  of 
young  females did no t  cause its precocious appearance  
(unpublished data).  R h y t h m  deve lopmen t  is character-  
ized by  a reduct ion  in feeding ac t iv i ty  dur ing t imes o ther  
than  the  peak  evening hours  which change re la t ive ly  
l i t t le  13. This  suggests a cyclic inh ib i tory  influence is 
main ly  responsible for the  rhy thmic i ty .  This conclusion 
is in ag reement  wi th  the  marked  increase in feeding 
a c t i v i t y  dur ing the  af ternoon (7 and 11 h) induced by  

precocene I I  t r ea tmen t .  Ironical ly,  the  results of the  non- 
host  diet  t r ea tments ,  in themselves ,  suggest  jus t  the  oppo- 
site: T h a t  the  juvenoid  accentua ted  r h y t h m i c i t y  pr imar i ly  
by  s t imula t ing  peak  evening feeding (figure, A). However ,  
in view of the  to ta l  evidence,  the  following in te rpre ta t ion  
seems more l ikely:  The normal  level  of to ta l  feeding 
ac t i v i t y  observed in precocene I I - t r ea t ed  females (table) 
suggests t h a t  J H  is no t  involved  in the  s t imula to ry  effect 
of milkweed seeds on feeding act ivi ty .  Apparent ly ,  ju-  
venoids  can largely or comple te ly  subs t i tu te  for this  
specific seed effect  in females when on nonhost  diets, 
perhaps  by  some indirect  means,  such as s t imula t ion  of 
ovar ian  matura t ion .  Thus, the  more normal  feeding ac- 
t i v i t y  pa t t e rn  seen in juvenoid- t rea ted  females on non- 
host  diets appears  to be due bo th  to a general  s t imula to ry  
effect  on feeding and to the enhancemen t  of a cyclic in- 
h ib i tory  influence. 
I t  appears  t h a t  the  juvenoid  t r ea tmen t s  m a y  no t  have  
comple te ly  p reven ted  precocene I I  or d ie ta ry- induced  
r h y t h m  damping,  as in all 4 comparisons  the 7/15 h feeding 
ac t iv i ty  was lower than  for the  control  juvenoid- t rea ted  
females. This m a y  well be due to a failure to restore a 
comple te ly  normal  diurnal  J H  t i t re  f luctuat ion.  
Whi le  these exper iments  do no t  dist inguish be tween  a 
permissive vs. a regu la to ry  role for J H  in the  feeding 
r h y t h m  and do no t  exclude the  possibi l i ty  of an indi rec t  
mode of action, t h e y  do p rov ide  the  first encouraging 
evidence t h a t  J H  m a y  be an essential  componen t  of some 
repe t i t ive  insect behavioura l  rhy thms.  

12 A.S. Johansson, Nytt. Mag Zool. 7, 1 (1958). 
13 R.L. Calwell and M. A. Rankin, J. comp. Physiol. 88, 383 (1974). 
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Summary. In  unopera ted  fasted rats,  feeding raised the  serum gastr in concentra t ion,  reduced the  gastric mucosal  
h is tamine  conten t  and ac t iva ted  the  gastric hist idine decarboxylase.  The  reduct ion  of gastr ic h is tamine  and ac t iva t ion  
of his t idine decarboxylase  was induced also by  the  inject ion of pentagast r in .  In  an t rec tomized  rats, feeding failed to 
produce  these effects. In jec t ion  of pentagast r in ,  however ,  still  lowered gastric h i s tamine  and ac t iva ted  gastr ic hist idine 
decarboxylase .  Thus,  an t ra l  gastr in  seems to  be an obl iga tory  media tor  of the  pos tprandia l  ac t iva t ion  of hist idine 
decarboxylase  and mobi l iza t ion  of his tamine.  

H i s t amine  in the  ra t  s tomach  is p r edominan t ly  located 
in endocrine-l ike cells of the  oxynt ic  mucosa  ~-4. Ul t ra -  
s t ructura l ly ,  these cells comprise 2 types,  dis t inguishable  
f rom each other  by  the  morpho logy  of thei r  secretory 
granules 8,4. These cell popula t ions  seem to respond to 
gastr in  in the  following 2 ways :  1. Gastr in  mobilizes his- 
t amine  and ac t iva tes  synthesis  of the h is tamine-forming 
enzyme4,  5. 2. Gastr in  exerts  t rophic  control  of at  least 1 
of the  2 h is tamine-s tor ing  endocrine-l ike cell types  4. 
Feeding  af ter  a period of fast ing ac t iva tes  gastr ic his- 
t id ine  decarboxylase  and elicits a marked  bu t  short-  
last ing reduct ion  of the  gastr ic h is tamine  content6.  This 
reduc t ion  in h is tamine  con ten t  is t hough t  to ref lect  mobi-  
l izat ion of h i s tamine  6. I t  has been claimed t h a t  the  effects 
of feeding on the  h is tamine-s tor ing  cells are the  result  of 
direct  vaga l  exc i ta t ion  in conjunc t ion  wi th  the post-  
p randia l  increase in the  serum gastr in  concent ra t ion  6, ~. 

In  a series of studies, i t  has been demons t ra ted ,  however,  
t h a t  gastr in is the  major  in te rmedia te  in the  ac t iva t ion  
of his t idine decarboxylase,  and t h a t  the  contr ibut ion  of 
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