
15.8. 1974 Specialia 917 

size of t he  c o m p o u n d  ac t ion  p o t e n t i a l  of n o n - m y e l i n a t e d  
f ibres  of t he  vagus  n e r v e  of r a b b i t  in  c o n c e n t r a t i o n s  as 
low as 10 ~zM i t  d id  no t  af fec t  the  N a - K  cu r r en t s  in squ id  
g i an t  axon  a p h e n o m e n o n  also obse rved  b y  us for  L-trans- 
AS- te t r ahydrocann ibo l  in  c o n c e n t r a t i o n s  as g rea t  as 0.4 
m M  (unpub l i shed  observa t ions ) .  
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Male Sex Pheromone from the Wing Glands of the 
(Hbn.) (Lepidoptera: Phycitidae) 

Several  male  p h y c i t i d  m o t h s  inc lud ing  t he  I n d i a n  mea l  
mo th ,  Plodia interpunvtella, possess a cha rac t e r i s t i c  g land  
loca ted  a t  t he  base  of each  forewingL I t  cons is t s  of a 
m e m b r a n e o u s  f lap over ly ing  special ized scales t h a t  are  
p r e s u m e d  to release a scent  t h a t  s t i m u l a t e s  the  female  1, 
b u t  no  f u n c t i o n  has  ye t  been  d e m o n s t r a t e d .  In  t he  case of 
t h e  re la ted  pyra l id  mo th ,  Achroia grisella (Fabr . ) ,  t h e  
male  wing  g lands  (also loca ted  a t  t he  base  of t he  forewings) 
release a sex p h e r o m o n e  t h a t ,  in c o m b i n a t i o n  w i t h  sound,  
a t t r a c t s  t he  female  to  t he  male  a However ,  t he  male  scent  
scales of o the r  m o t h s  and  bu t t e r f l i e s  Usually e m i t  a sex 
p h e r o m o n e  d u r i n g  cour t sh ip  wh ich  ac ts  as a n  aphrod i s i ac  
i n h i b i t i n g  f l igh t  a n d  r ende r ing  t he  female  recep t ive  to  
t h e  c o p u l a t o r y  a t t e m p t s  of t he  ma lea -L  Th i s  r e p o r t  
descr ibes  t he  func t i on  of t h e  supposed  scen t  g lands  of t he  
I n d i a n  mea l  mo th .  

O b s e r v a t i o n s  of m a t i n g  b e h a v i o u r  were m a d e  in a glass 
pe t r i  d ish  (10 cm diam.) .  The  sexua l ly  exc i ted  male  
typ ica l ly  app roaches  t he  cal l ing female  w i t h  his  wing  
g lands  open ;  t h a t  is, t he  f lap cover ing  t he  scen t  scales is 
ra i sed  a n d  t he  scales t hemse lves  are erected a n d  splayed.  
Genera l ly  cour t sh ip  is i n i t i a t e d  when  t he  ma le  app roaches  
f rom the  rear  and  nudges  t he  unde r s ide  of t he  female  
a b d o m e n  and  wings  w i t h  his  h e a d  and  a n t e n n a e .  I f  
recept ive ,  t he  female  t u r n s  180 ~ and  usua l ly  lowers her  
a b d o m e n  f rom the  cal l ing posi t ion .  She faces t he  male  
head  on and  r e m a i n s  s t a t i ona r y .  The  male  moves  fo rward  
a n d  p u t s  his  h e a d  u n d e r  t he  head  of t he  female.  The  female  
r e sponds  b y  b r ing ing  he r  a n t e n n a e  fo rward  so t h a t  t h e y  
lie close to  t he  wing  g lands  b u t  a p p a r e n t l y  do no t  t o u c h  

Effect of removal of male wing glands or female antennae on mating 
success of Plodia interpunctella during 10 min observation period 

Sex and treatment No. of pairs Percent mated 

Controls 
and ~ Normal 92 93 
3/4 Aatennaeless 30 83 

c~ 7/8 Wingless, gland intact 20 80 

Experimentals 
Antennaeless 30 27 
Glandless 30 37 

Indian Meal Moth, Plodia interpunctella 

t h e m .  Fol lowing  this ,  t he  female  raises her  a b d o m e n  so 
t h a t  i t  p ro jec t s  be tween  her  wings  in a pos i t ion  s imi la r  to  
cal l ing b u t  the  p h e r o m o n e  g land  is no t  exposed.  Th i s  is 
t e r m e d  t he  accep tance  pos tu re  a n d  as soon as i t  is t a k e n  
up  t he  male  m a k e s  gen i ta l  t h r u s t s  and  copu la t ion  usua l ly  
follows. 

I f  t he  female  c a n n o t  perce ive  t he  male  scent ,  however ,  
he r  cou r t sh ip  b e h a v i o u r  is d ras t i ca l ly  a l t e red  a n d  she 
re jec ts  the  cou r t ing  male.  E l i m i n a t i o n  of female  pe rcep t ion  
of t he  male  scent  was accompl i shed  in two ways,  e i t he r  b y  
b i l a t e ra l  a n t e n n e c t o m y  of t he  female  or b y  r e m o v i n g  b o t h  
male  Iorewings  inc lud ing  the  glands.  Controls ,  to  assess the  
effects of a m p u t a t i o n ,  cons is ted  of females  wh ich  had  
a b o u t  3/4 of t h e i r  a n t e n n a e  r e m o v e d  leav ing  smal l  f lagel lar  
s t u m p s  w h i c h  c o n t a i n e d  n u m e r o u s  chemorecep to r s  or 
males  wh ich  h a d  mos t  (about  v/8 ) of the i r  forewings  re- 
m o v e d  excep t  t h e  g lands  wh ich  were left  a t t a c h e d  to  t he  
male.  All  a m p u t a t i o n s  were car r ied  ou t  on  insec ts  l igh t ly  
na rco t i zed  w i t h  c a r b o n  dioxide.  

Cour t sh ip  i nvo lv ing  a glandless  male  a n d  a n o r m a l  
female  was in i t i a t ed  in t h e  usual  m a n n e r .  However ,  t he  
female  w h e n  n u d g e d  on the  r ea r  of he r  a b d o m e n  b y  t he  
male  t u r n e d  e i the r  less t h a n  or more  t h a n  180 ~ so t h a t  she 
did  no t  face t he  male  head  on. A t  t he  same  t i m e  she backed  
up  and  t u r n e d  he r  h e a d  and  b o d y  to one side t h e n  t he  
o t h e r  of t he  ma le ' s  head  a n d  c o n t i n u e d  to avo id  t he  head-  
on con f igu ra t ion  w i th  t he  male.  The  male  a d v a n c e d  as t he  
female  backed  up  a n d  a t t e m p t e d  to p u t  h is  head  u n d e r  hers  
b u t  he r  m a n o e u v e r s  genera l ly  p r e v e n t e d  this.  Moreover ,  t he  
female  d id  no t  erect  he r  a b d o m e n  be tween  he r  wings  in the  
t yp i ca l  accep tance  pos ture .  Consequent ly ,  c o p u l a t o r y  
t h r u s t s  were i n f r e q u e n t  d u r i n g  re j ec t ion  behav iour .  E v e n -  
t u a l l y  c o n t a c t  was lost  be tween  t he  p a r t n e r s  a n d  cour t sh ip  
was t e r m i n a t e d .  I f  t he  ma le ' s  cou r t sh ip  a p p r o a c h  was to  
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t h e  f ron t  of t he  female  she i m m e d i a t e l y  re jec ted  h i m  b y  
b a c k i n g  up  and  t u r n i n g  b a c k  a n d  fo r th  to  avo id  t he  head-  
on  conf igura t ion .  Th i s  r e j ec t ion  b e h a v i o u r  was dup l i ca t ed  
exac t ly  in  cour t sh ips  i nvo lv ing  an t ennae l e s s  females  a n d  
n o r m a l  males.  

The  effect iveness  of female  re jec t ion  b e h a v i o u r  is 
d e m o n s t r a t e d  in t he  Table .  The  m a t i n g  success of g land-  
less males  or an t ennae l e s s  females  d u r i n g  a 10 min  observa-  
t i on  per iod was  reduced  to a p p r o x i m a t e l y  1/a t h a t  of nor-  
ma l  m o t h s  a n d  on ly  10 to 13 ~o of the  r educ t i on  was  a t t r i b -  
u t a b l e  to  t he  a m p u t a t i o n  p rocedures  (see controls) .  More- 
over,  t he  m a t i n g  success of some of t he  e x p e r i m e n t a l s  was 
an  a r t i f a c t  of t he  t e s t  s i tua t ion .  P e r s i s t a n t  males,  desp i te  
female  r e j ec t ion  behav iour ,  were able  to  t r a p  t h e  females  
aga ins t  t he  wails of the  p e t r i  d i sh  and  ach ieve  t he  head-  
u n d e r  posi t ion.  Females  w h i c h  were t h u s  t r a p p e d  a n d  
w h i c h  h a d  been  cour ted  r e p e a t e d l y  b e f o r e h a n d  r e sponded  
b y  ra i s ing  t he i r  a b d o m e n  to t he  accep tance  pos ture .  This  
response  el ic i ted c o p u l a t o r y  a t t e m p t s  f rom the  male.  

Cour t sh ip  i n v o l v i n g  e i the r  of t he  cont ro l s  was  qua l i t a -  
t i ve ly  i nd i s t i ngu i shab le  f rom n o r m a l  pa i r s  a n d  was 
q u a n t i t a t i v e l y  s imi la r  as well  (see Table) .  Thus ,  the  
i m p o r t a n c e  of o the r  s t imu l i  t h a t  m i g h t  invo lve  t he  male  
forewings  or i n t a c t  female  a n t e n n a e  can  be  ru led  out .  Fo r  
example ,  m e c h a n i c a l  s t i m u l a t i o n  of t he  female  a n t e n n a e  
b y  t he  scent  scales is no t  a l ike ly  s t imu lus  because  females  
w i t h  on ly  smal l  a n t e n n a l  s t u m p s  w h i c h  c a n n o t  r each  t h e  
g lands  none the les s  b e h a v e  normal ly .  

These  resu l t s  c lear ly  d e m o n s t r a t e  t h a t  t h e  wing  g lands  
of t h e  male  I n d i a n  mea l  m o t h  release a sex p h e r o m o n e  t h a t  
is essent ia l  for successful  cour t sh ip .  I t s  f u n c t i o n  is to  
induce  t h e  female  to  r e m a i n  s t a t i o n a r y  an d  a d o p t  t he  
accep tance  pos ture .  The  absence  oi t h e  male  sex p h e r o m o -  
ne  leads to  a specific p a t t e r n  of female  r e j ec t ion  b e h a v i o u r  
r a t h e r  t h a n  avo idance  b y  f l igh t  as a p p a r e n t l y  occurs  in 
o the r  m o t h s  s, 7. 

Zusammen/assung. Die Fl t igeldr i i sen der  M~Lnnchen yon  
Plodia interpunetella sonde rn  ein S e x - P h e r o m o n  aus, d i s  
fiir den  er fo lgre ichen  Vol lzug des Ba lz r i t ua l s  n o t w e n d i g  
ist. Das  P h e r o m o n  bewi rk t ,  dass  das  W e i b c h e n  n i c h t  f l ieh t  
u n d  die zur  AuslSsung der  K o p u l a t i o n  no twend ige  Bere i t -  
schaf t s s te l lung  e i n n i m m t .  
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Neuronal  Geometry  of RETZIUS Cells in Hirudo medicinalis 

The  RETZIUS cells, t h e  two  la rges t  cells in  t he  s egmen ta l  
gang l ia  of t h e  leech, Hirudo medicinalis, h a v e  b e e n  t h e  
sub jec t  of m a n y  e lec t rophysio logica l  a n d  pha rmaco log ica l  
s tud ies  1-5. I t  h a s  been  sugges ted  t h a t  t he  axons  of these  
cells emerge  on ly  f rom the  l a te ra l  s e g m e n t a l  ne rves  a n d  
are  respons ib le  for m e d i a t i n g  m u c u s  release f rom t h e  
b o d y  wal l  6, v. LENT s, us ing  an  in t r ace l lu l a r  P roe ion  yel low 
s t a in ing  t echn ique ,  could no t  f ind  a n y  f ibres  f rom t h e  
RETZlUS cells in  t h e  i n t e r s e g m e n t a l  connect ives .  Th i s  
was s u p p o r t e d  b y  t he  o b s e r v a t i o n  t h a t  h igh  Mg 2+ r inger  
b locked  e x c i t a t i o n  of t he  cell bodies  el ic i ted b y  s t i m u l a t i o n  
of t he  connec t ives ,  sugges t ing  t h e  p resence  of a synap t i c  
i n p u t  s. I n  con t ras t ,  t h e  or ig ina l  resu l t s  of :RETzIUS, 
us ing  m e t h y l e n e  blue  s ta in ing ,  show a f ibre  f rom each  cell 
in  t he  pos te r io r  c o n n e c t i v e s 1  

I n  t h e  p re sen t  i nves t i ga t i on  t h e  n e u r o n a l  geome t ry  has  
been  s tud ied  us ing  t h e  t e c h n i q u e  of PITMAN, TWEEDLE 
a n d  COHEN s w h i c h  enab les  specific neu rones  to be s ta ined  
b l a c k  w i t h  coba l t  sulphide.  The  e lec t rophys io logy  of t he  
cells, w i t h  special  reference  to t h e i r  b e h a v i o u r  in h i g h  
Mg 2+ r inger ,  h a s  conf i rmed  these  results .  

Materials and methods. B o t h  s t a in ing  an d  electro-  
phys io log ica l  t e c h n i q u e s  were car r ied  o u t  us ing  in t r a -  
ce l lu lar  microe lec t rodes  m a d e  f rom 4 m m  O.D. glass t ub ing .  

For  t h e  s t a in ing  me thod ,  e lec t rodes  were fi l led w i t h  
1.25 M coba l t  chlor ide  a n d  h a d  a res i s tance  of 5-20 MSP. 
Coba l t  was  in jec ted  in to  t h e  cells b y  app ly ing  a n  18V 
h y p e rp o l a r i z i n g  c lamp.  The  in j ec t ed  p r e p a r a t i o n  was 
b a t h e d  in a d i l u t e  so lu t ion  of a m m o n i u m  su lph ide  in 
r inger ,  w h e r e u p o n  t h e  coba l t  su lph ide  p r e c i p i t a t e d  as a 
b l ack  s ta in .  P r e p a r a t i o n s  were f ixed in buf fe red  pa ra l -  
d e h y d e / g l u t a r a l d e h y d e ,  an d  m o u n t e d  in creosote.  

Fo r  t h e  e lec t rophys io logica l  s tudies ,  microe lec t rodes  
were fi l led w i t h  1 M p o t a s s i u m  ace t a t e  (buffered to  
to  p H  6.5) an d  h a d  a res i s t ance  of 20-40 Mr2. P o t e n t i a l s  
were m o n i t o r e d  us ing  a c o n v e n t i o n a l  c a t h o d e  follower 
an d  br idge  circuit ,  an d  d i sp layed  on an  oscilloscope or pen  

A 3-D reconstruction of the neuronal geometry of the paired RETZlUS 
cells in the segmental ganglion of the leech, Hirudo medicinalis. 
Each RETZlUS cell sends its major branches ipsilaterally, one down 
each of the paired lateral nerves and one down both posterior and 
anterior ipsilateral connectives. 
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