
1598 Specialia E X P E R I E N ' r I A  3 3 / 1 2  

I n  all e x p e r i m e n t s  fe r r i t in  was  found  a r o u n d  Tokophrya 
in  long f r inges  (figures 3, 4 a n d  6) e x t e n d i n g  a b o v e  t he  
coat ,  a n d  also close to t h e  e x t e r n a l  m e m b r a n e  (figures 4 
a n d  6), as well  as in  t h e  p i t s  (figure 4) and  w h a t  is m o s t  
i m p o r t a n t  ins ide  the  o rgan i sm in f l a t  vesicles measu r ing  
370 • 40 n m  (figure 5). The  f la t  vesicles are  a s t r u c t u r e  
cha rac t e r i s t i c  of t h e  c y t o p l a s m  of Tokophrya. T h e y  are  
o f ten  a s sembled  in g roups  of 3-5  (figure 4) or pi led up  in 
s tacks  up  to  17 vesicles (figure 5). I n  p rev ious  paper s  
th i s  s t r u c t u r e  was refer red  to as a possible  p r i m i t i v e  
Golgi a p p a r a t u s  5. 
No fe r r i t in  was  ever  e n c o u n t e r e d  free in  t he  cy top lasm,  
or in  t he  ep ip lasm,  or b e t w e e n  t he  m e m b r a n e s  cover ing  
Tokophrya. The  t r ace r  was  p r e s en t  on ly  in t h e  f l a t t e n e d  
vesicles, s ca t t e r ed  t h r o u g h o u t  t h e  c y t o p l a s m  a n d  of ten  
nea r  t he  p i t s  (figure 6) or some t imes  v e r y  close to  t h e m  

as if in  t he  process  of p i n c h i n g  off (f igure 6) s t r ong ly  sug- 
ges t ing  t h a t  t h e y  der ive  f rom the  pits .  I t  is a s sumed  t h a t  
once a vesicle  becomes  d e t a c h e d  f rom t h e  p i t  i t  is ca r r i ed  
a w a y  and  if more  are p inched  off in succession t h e y  r e m a i n  
t o g e t h e r  fo rming  piles of vesicles. 
Since t h e  p i t s  are t h e  on ly  places on  the  surface  of 
Tohophrya covered  b y  a s ingle m e m b r a n e  t h e y  are t h e  
n a t u r a l  loci for t he  u p t a k e  of fe r r i t in  f rom t h e  m e d i u m .  
W h e n  t he  t r ace r  en t e r s  a p i t  i t  a p p a r e n t l y  induces  
p inocy tos i s  r e su l t ing  in t he  f o r m a t i o n  of t he  f l a t  vesicles. 
T h u s  t he  p i t s  in  c o n j u n c t i o n  w i t h  t he  f l a t  vesicles are  t h e  
vehic les  t r a n s p o r t i n g  fe r r i t in  a n d  p r o b a b l y  o t h e r  m a c r o -  
molecules  f rom the  m e d i u m  to t he  c y t o p l a s m  of Tokophrya. 
B o t h  s t r u c t u r e s  p e r f o r m  a n  i m p o r t a n t  func t ion  in Suctor ia ,  
o rgan i sms  dep r ived  of a n  oral  cav i ty .  
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Summary. W h e r e a s  in  las t  i n s t a r  l a rvae  of L. pomonella k e p t  u n d e r  l ong -day -cond i t i ons  (LD), the  J H - t i t e r  is t e m p o r a r i -  
ly  r educed  to  zero, i t  s t ays  r e l a t ive ly  h igh  in s h o r t - d a y - c o n d i t i o n e d  (SD) l a rvae  wh ich  e n t e r  d iapause .  App l i ca t ion  of 
JH or a j u v e n o i d  to  L D - l a r v a e  resu l t s  in  d iapause ,  if t he  t r e a t e d  insec ts  are k e p t  u n d e r  SD-condi t ions .  F r o m  these  
resu l t s  i t  is conc luded  t h a t  in  L. pomonella d iapause  is i n i t i a t ed  b y  a r e l a t ive ly  h i g h  t i t e r  of J H  d u r i n g  t he  l a s t  l a rva l  
ins ta r .  

W h e n  l a rvae  of our  l a b o r a t o r y  s t r a in  of t he  codl ing m o t h ,  
Laspeyresia pomonella, are rea red  u n d e r  sho r t -day -con-  
d i t ions  (SD), i.e. w i t h  a p h o t o p h a s e  of less t h a n  14 h pe r  
day ,  t h e y  en t e r  d iapanse .  U n d e r  long-day-cond i t ions  (LD), 
i.e. w i t h  a p h o t o p h a s e  of more  t h a n  16 h pe r  day,  t he  
l a rvae  will p u p a t e  a n d  p roduce  adul ts .  In  severa l  species 
of Lep idop te ra ,  i t  h a s  been  d e m o n s t r a t e d  t h a t  l a rva l  
d i apause  is caused  b y  a h i g h  t i t e r  of juven i l e  h o r m o n e  
(JH) .  I n  these  cases a p p l i c a t i o n  of h i g h  c o n c e n t r a t i o n s  
of JH m i m e t i c a  n o t  on ly  induced  b u t  also m a i n t a i n e d  
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Fig. 1. Titer of JH in haemolymph (GU/ml) of pupating (O) and 
diapausing (0) L. #omonella at different times after last larval moult 
and spinning of cocoon (S). 

l a rva l  d iapause ,  even  u n d e r  LD-condi t ions~ ,  ~. Bes ides  
th i s  p r o v e d  m e c h a n i s m ,  d i apause  in o the r  species m i g h t  
be caused  b y  a lack of the  m o u l t i n g  hormone ,  as in  p u p a l  
d iapause ,  whic  h m a y  be  b r o k e n  b y  in jec t ion  of ecdysone  3, 4. 
The  ob jec t  of the  p r e s e n t  s t u d y  was to i nves t i ga t e  t h e  
r e l a t ionsh ip  be tween  J H  a n d  t he  d i apause  of t h e  codl ing  
mo th .  There fore  t h e  J H  t i t e r  d u r i n g  t he  las t  i n s t a r  of 
LD-  a n d  SD-cond i t i oned  l a rvae  as well  as in  d i a p a u s i n g  
insec ts  was  d e t e r m i n e d .  F u r t h e r m o r e  the  inf luence  of 
top ica l ly  app l ied  JH was s tud ied  in t he  las t  i n s t a r  of 
L D - c o n d i t i o n e d  l a rvae  k e p t  u n d e r  LD-  or  SD-cond i t ions  
a f t e r  t he  appl ica t ion .  
Material and methods. The  l a rvae  of t he  codl ing m o t h  
were r ea red  i n d i v i d u a l l y  a t  26~ Oil a s e m i s y n t h e t i c  
m e d i u m  in smal l  p las t ic  boxes~;  5 days  a f t e r  t h e  l a s t  
l a rva l  moul t ,  t h e  boxes  were opened  to  al low t h e  l a rvae  
to spin  t h e i r  cocoons.  U n d e r  LD-cond i t i ons  ( con t inuous  
l ight)  t he  l a rvae  p u p a t e d  2 -4  days  later .  SD cond i t ions  
r e su l t i ng  in 100% d i a p a u s i n g  l a rvae  were 10 h l igh t  to  
14 h dark .  
The  t i t e r  of J H  in t h e  h a e m o l y m p h  of t he  codl ing m o t h  
( ind ica ted  as Gal ler ia  un i t s  = GU) was d e t e r m i n e d  b y  a 
s l igh t ly  modi f ied  Ga l l e r i a -Wax  Tes t6 , : ;  100-200 ~xl 
h a e m o l y m p h  of 5-12 l a rvae  of a g iven  age were col lected 
a n d  e x t r a c t e d  b y  a 6 :1  m i x t u r e  of e t h y l a c e t a t e  a n d  
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e t h a n o l  (v :v ) .  The  t y ros inase  a c t i v i t y  was suppressed  
b y  a sma l l  a m o u n t  of p h e n y l t h i o u r e a L  H a e m o l y m p h  
samples  of SD- a n d  L D - l a r v a e  were col lected i m m e d i a t e l y  
a f t e r  t he  l a s t  l a rva l  m o u l t  a n d  t h e n  eve ry  24 h up  to  
p u p a t i o n  of t he  LD-an imal s ,  a n d  in  d i apaus ing  l a rvae  
a d d i t i o n a l l y  10 a n d  35 days  a f t e r  t h e y  h a d  s p u n  the i r  
cocoons.  H a e m o l y m p h  of p u p a e  was sampled  i m m e d i a t e l y  
a f t e r  t he  p u p a l  moul t .  
J H  I (50, 100, 500 or 1000 ~g/ larva)  or  t he  J H  m i m e t i c u m  
Al tos id  | (10, 20 or 50 ~zg/larva) were appl ied  top ica l ly  
0-12  h a f t e r  t he  las t  l a r v a l  moul t .  U p  to  the  t r e a t m e n t ,  
al l  l a rvae  were k e p t  u n d e r  L D - cond i t i ons ;  a f t e r  t he  ap-  
p l ica t ion ,  ha l f  of t h e  an i m a l s  were k e p t  u n d e r  LD-  a n d  
SD-cond i t ions  respect ive ly .  T he  effects  were con t ro l led  
a t  i n t e rva l s  of 5 days  a f t e r  t h e  appl ica t ion .  
Results and discussion. T he  JH- leve l s  of SD- and  LD-  
an ima l s  are shown  in f igure  1. I n  L D - c o n d i t i o n e d  l a s t  
i n s t a r  la rvae ,  t he  c o n c e n t r a t i o n  of J H  decreased  r ap id ly  
d u r i n g  t he  f i rs t  day  a f te r  moul t ing .  F r o m  t he  2nd to  t h e  
4 t h  day,  no J H  could be  de tec ted .  S u b s e q u e n t l y  t he  J H -  
t i t e r  increased  to  a second m a x i m u m  w h e n  20% of t he  
l a rvae  h a d  p u p a t e d .  T h e n  t he  c o n c e n t r a t i o n  of J H  de- 
c reased  aga in  u n t i l  none ,  or t r aces  only,  could be  found  
in f resh ly  m o u l t e d  pupae .  These  resu l t s  w i th  L D  reared  
L. pomonella agree  well w i t h  those  descr ibed  f rom Pieris 
brassieae and  Mamestra brassicae 8. 
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Fig. 2. Delayed pupation of L 5 treated with different doses of 
Altosid | under LD-eonditions (A = 10/xg, A = 20 ~zg, �9 = 50 [xg). 

ks 
--O 

50 i -~ 

10 

10 2o 3o 40 1~ 
Days after treatment 

Fig. 3. Diapausing larvae after treatment of LD-conditioned insects 
with different doses of Altosid | reared subsequently under SD- 
conditions (A = 10 [zg, & = 20 [xg, �9 = 50/zg ). 

I n  d i apause  induced  l a rvae  (SD), t he  c o n c e n t r a t i o n  de-  
c reased  too, b u t  on ly  to  a level  of a b o u t  100 G U / m l  of 
h a e m o l y m p h .  Th i s  level  s t ayed  fa i r ly  c o n s t a n t  un t i l  t h e  
l a rvae  h a d  spun  t h e i r  cocoons. Af te r  t h i s  t he  J H - t i t e r  
b e g a n  to  s ink  slowly, and  35 days  l a t e r  no  J H  could 
be  de tec ted .  
App l i ca t i on  of J H  0-12  h a f te r  t he  las t  l a rva l  m o u l t  of 
LD-  cond i t ioned  insec ts  resu l ted  in 4 t ypes  of r eac t ions  : 
1. no  reac t ion ,  l a rvae  p u p a t e d  no rma l ly ,  2. l a rvae  mou l t ed  
to l a r v a l - p u p a l  i n t e r m e d i a t e  forms,  3. l a rvae  mou l t ed  to 
an  a d d i t i o n a l  l a rva l  i n s t a r  (L6) w h i c h  c o n t i n u e d  feeding 
a n d  4. l a rvae  s t opped  feeding,  s p u n  cocoon and  en te red  
diapause .  
A t  10 days  a f te r  t h e  l a s t  l a rva l  moul t ,  a l l  con t ro l  l a rvae  
wh ich  were no t  t r e a t e d  and  k e p t  u n d e r  LD-cond i t ions  
h a d  p u p a t e d .  C o m p a r e d  w i th  these,  t he  t r e a t ed  l a rvae  
which  were k e p t  u n d e r  LD-cond i t i ons  m o u l t e d  delayed,  
showing  t y p e  1, 2 or 3 r eac t ions  (figure 2). T r e a t m e n t  
w i th  Al tos id  | or J H  I gave  v e r y  s imi la r  results .  The  
f i rs t  m o u l t i n g  l a rvae  gave  m a i n l y  s u p e r n u m e r y  larvae ,  
whereas  t he  la te  m o u l t i n g  l a rvae  p r o d u c e d  m a i n l y  pupae .  
I n t e r m e d i a t e  forms ( type  2) were  p roduced  b y  ear ly  and  
la te  m o u l t i n g  insects .  D i a p a u s i n g  l a rvae  ( type 4) were 
o b t a i n e d  on ly  w h e n  t h e  t r e a t e d  l a r v a e  were k e p t  u n d e r  
SD-cond i t ions  a f t e r  t he  J H  h a d  been  appl ied  (figure 3). 
Since t he  u n t r e a t e d  l a rvae  u n d e r  t he  same  l igh t  regime 
p u p a t e d  n o r m a l l y  w i t h i n  10 days  a f t e r  t he  las t  l a rva l  
moul t ,  i t  can  be  conc luded  t h a t  d i apause  in t he  J H -  
t r a t e d  l a rvae  was induced  b y  t he  ho rmone .  If, on t he  
o the r  h a n d ,  l a rvae  were rea red  u n d e r  SD-cond i t ions  and  
changed  to  LD i m m e d i a t e l y  before  or a f t e r  t he  las t  l a rva l  
moul t ,  t h e  l a rvae  s t i l l  en t e red  d iapause ,  i nd i ca t i ng  t h a t  
a t  t h i s  m o m e n t  d i apause  is a l r e ady  p r o g r a m m e d  and  
c a n n o t  be  changed  a n y m o r e  b y  a n o t h e r  l igh t  regime.  
W h e r e a s  t he  t i t e r  of J H  in las t  i n s t a r  l a rvae  of L. 
pomonella is t e m p o r a r i l y  r educed  to zero, if t he  insects  
h a v e  been  cond i t i oned  for p u p a t i o n ,  i t  r ema ins  r e l a t ive ly  
h igh  in l a rvae  in w h i c h  d i apause  has  been  induced  b y  a 
s h o r t  d a y  regime.  Th i s  m a y  ind ica t e  t h a t  d i apause  i s  
caused  b y  a h igh  t i t e r  of J H ,  wh ich  suppresses  e i the r  
t he  p r o d u c t i o n  or t he  ac t ion  of t he  m o u l t i n g  h o r m o n e  
ecdysone.  Th i s  h y p o t h e s i s  is s t r e n g h e n e d  b y  the  fac t  
t h a t  d i apause  can  be  induced  in LD-cond i t i oned  l a rvae  
b y  J H  or a J H  mimet ic ,  appl ied  top ica l ly  0-12 h a f te r  
t he  l a s t  l a rva l  moul t ,  if, a f te r  t h e  t r e a t m e n t ,  t he  insects  
are k e p t  a t  a l igh t  reg ime w i t h  a s h o r t  pho toper iod .  On 
t he  o t h e r  h a n d ,  since all  J H - t r e a t e d  l a rvae  mou l t ed  u n d e r  
LD-condi t ions ,  i t  c an  be  conc luded  t h a t  u n d e r  th i s  l igh t  
reg ime a single dose of J H  c a n n o t  p r e v e n t  t he  p r o d u c t i o n  
of t he  m o u l t i n g  h o r m o n e .  However ,  i t  seems t h a t  ecdysone  
is on ly  p roduced  a f t e r  t he  t i t e r  of t he  J H  has  been  reduced  
be low a cr i t ical  level.  Th i s  is s u p p o r t e d  b y  t he  fac t  t h a t  
even  u n d e r  LD-cond i t i ons  m o u l t i n g  is de layed  b y  a h igh  
J H - t i t e r ,  i nd i ca t i ng  a genuine  a n t a g o n i s m  be tween  t he  
2 hormones ,  as descr ibed  in o t h e r  l ep idop te rous  species 
in  wh ich  J H  m a y  p roduce  dauer la rvaeg ,  1~ I n  addi t ion ,  
u n p u b l i s h e d  e x p e r i m e n t s  i nd i ca t e  t h a t  t r e a t m e n t  w i th  
J H  followed b y  SD-cond i t ions  c a n n o t  p r e v e n t  m o u l t i n g  
if t he  h o r m o n e  is app l ied  l a t e r  t h a n  12 h a f te r  t he  las t  
l a rva l  moul t ,  a t  a t i m e  w h e n  t he  p r o d u c t i o n  of ecdysone  
ha s  p r o b a b l y  a l r e ady  been  in i t i a t ed .  
The  resu l t s  t h u s  i nd i ca t e  t h a t  d i apause  in L. pomonella 
is i n i t i a t ed  b y  a r e l a t ive ly  h i g h  t i t e r  of JH .  However ,  
t he  f ac t  t h a t  t he  h o r m o n e  d i sappear s  in  t he  d i apaus ing  
l a rvae  wi th in  35 days ,  ind ica tes  t h a t  J H  is n o t  necessa ry  
for t h e  m a i n t e n a n c e  of t he  d iapause .  
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