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b e a t s / m i n ) ;  2. t he  Ca++ c o n c e n t r a t i o n  (in t he  n a r r o w  
range  t h a t  can  be  s tudied)  ; 3. t he  p H  of t h e  b a t h i n g  me-  
d i u m  (7.0-7.8, buf fe red  w i t h  b i ca r bona t e ,  b i c a r b o n a t e -  
H E P E S ,  or p h o s p h a t e )  ; and  4. t e m p e r a t u r e  (30 ~ or 37 ~ 
F u r t h e r m o r e ,  t he  sens i t i v i ty  of h e a r t s  f rom e m b r y o s  ob- 
t a i n e d  f rom eggs la id  b y  hens  a t  t he  b e g i n n i n g  a n d  end  of 
their p r o d u c t i v e  per iod  d id  n o t  differ. T he  c o n t r a c t i l i t y  
of p r e p a r a t i o n s  s tabi l ized in a p h o s p h a t e  buffered  m e d i u m  
ae r a t ed  w i t h  100% Oa de t e r i o r a t ed  if t he  m e d i u m  was 

t h e n  b u b b l e d  w i t h  air,  i nd i ca t i ng  t h a t  t he  p r e p a r a t i o n s  
do n o t  suffer  from O~ t o x i c i t y  u n d e r  ou r  r ou t i ne  cond i t ions  
of s tudy .  Therefore ,  i t  seems unl ike ly  t h a t  me thodo log ica l  
dif ferences  are  t he  basis  for t he  conf l ic t ing  resu l t s  t h a t  
h a v e  been  o b t a i n e d  in  d i f fe rent  labora to i res ,  or w i t h i n  
our  own  l abo ra to ry .  I t  would  seem more  p r o b a b l e  t h a t  
t he  d i f ferent  resu l t s  t h a t  h a v e  been  r epo r t ed  b y  our  own  
and  o t h e r  l abora to r ies  are  due  to t rue  d i f ferences  in the  
p r e p a r a t i o n s  s tudied.  
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Summary. I n  Trogoderma granarium, i n d u c t i o n  of l a rva l  d i apause  b y  s u b - o p t i m a l  t e m p e r a t u r e  e n h a n c e d  t he  eff iciency 
of p h e r o m o n e  pe rcep t ion  b y  a d u l t  males.  Such  d iapause  also a l t e red  t he  p a t t e r n  of p h e r o m o n e  p r o d u c t i o n  b y  females.  

I n  p h e r o m o n e  c o m m u n i c a t i o n  a m o n g  insects ,  release 
of the  chemica l  s t imulus ,  as well  as t i le response  of the  
t a r g e t  insect ,  is in f luenced  b y  a v a r i e t y  of factors1.  I n  
our  ear l ier  s tudies ,  we h a d  obse rved  t h a t  in  T. granarium 
t h e  female  secretes  a p h e r o m o n e  which  a t t r a c t s  t he  male,  
a n d  t h a t  fac tors  such  as male  age, p r io r  m a t i n g  and  
presence  of females  affect  t he  ma le ' s  response  to t he  
p h e r o m o n e  2. The  l a rva  of th i s  beet le  undergoes  a facul- 
t a t i v e  d i apause  u n d e r  s u b o p t i m a l  t e m p e r a t u r e s  3. Such  
d i apaus ing  l a rvae  feed i n t e r m i t t e n t l y ,  r e su l t ing  in the  
a c c u m u l a t i o n  of fat ,  g lycogen and  prote in3,  4. F u r t h e r ,  
pos t -d i apause  females  h a v e  been  shown  to h a v e  h igher  
f ecund i ty  5. The  p r e s en t  s t u d y  re la tes  to  the  inf luence  of 
th i s  t y p e  of d i apause  on  t he  a d u l t  b e h a v i o u r  of T. grana- 
rium in t e r m s  of p h e r o m o n e  p r o d u c t i o n  b y  females  and  
t he  respons iveness  of males  to t he  phe romone .  

Materials and methods. The  insects  used in t h i s  s t u d y  
were o b t a i n e d  f rom a s tock  cu l tu re  m a i n t a i n e d  for  severa l  
genera t ions  a t  36 ~= 1~ on  b r o k e n  whea t .  Fo r  i nduc ing  
diapause,  18-20-day-o ld  l a rvae  f rom the  s tock  cu l tu re  
were re leased on  fresh m e d i u m  a n d  m a i n t a i n e d  a t  
25 d: 1 ~ Af te r  a per iod of 4 m o n t h s ,  the  l a rvae  were 
r e t u r n e d  to  36~ to b r e a k  t he  d iapause .  On pupa t i on ,  
males  and  females  were s epa ra t ed  a n d  k e p t  for a d u l t  
emergence.  
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Response of post-diapause males to female sex pheromone. 

Since t he  b e h a v i o u r a l  response  of a n  insec t  to  sex 
p h e r o m o n e  bears  a d i rec t  r e l a t ionsh ip  to t he  p h e r o m o n e  
c o n t e n t  ove r  a r ange  of concen t r a t i ons ,  t he  level  of 
response  of males  was cons idered  a rel iable  i n d i c a t o r  of 
t he  q u a n t i t y  of p h e r o m o n e  secre ted in u n i t  t i m e  s, 7. Fo r  
col lect ion of p h e r o m o n e ,  3 ba t ches  of f resh ly  eclosed 
females  f rom b o t h  p o s t - d i a p a u s e  and  n o r m a l  lots  were 
re leased s e p a r a t e l y  in pe t r i  d ishes  l ined w i t h  a b s o r b e n t  
paper .  The  pape r s  were r e m o v e d  a t  p r e - d e t e r m i n e d  in te r -  
va ls  and  f resh pape r s  were p rov ided  ti l l  t h e  insec ts  
s t a r t e d  dy ing  in a n y  of t he  repl icates .  P h e r o m o n e  f rom 
each  such  p a p e r  was e x t r a c t e d  s epa ra t e ly  in  k n o w n  v o l u m e  
of d i e thy l  e ther .  E a c h  e x t r a c t  was b ioassayed  in a n  olfac- 
t o m e t e r  us ing  6 -7 -day-o ld  v i rg in  males  o b t a i n e d  f rom the  
s tock  cul ture .  For  c o m p a r i n g  the  level of respons iveness  
of pos t -d i apause  a n d  n o r m a l  males  to  t he  female  phero -  
mone,  6 -7 -day-o ld  males  f rom these  2 categor ies  were 
assayed  w i t h  a k n o w n  c o n c e n t r a t i o n  of s tock  p h e r o m o n e  
ex t rac t .  The  n u m b e r  of males  a t t r a c t e d  to t he  p h e r o m o n e  
source was scored eve ry  m i n u t e  for 5 rain.  All  assays  were 
r epea t ed  10 t imes  w i t h  10 f resh males  pe r  assay .  The  ol- 
f a c t o m e t e r  a n d  the  m e t h o d  of assay  emp loyed  in these  
s tud ies  were t he  same  as descr ibed b y  ADEESAN et  al. 2. 

Results and discussion. The  p a t t e r n  of p h e r o m o n e  secre- 
t ion,  b y  b o t h  pos t -d i apause  and  n o r m a l  females,  in rela-  
t ion  to  t he i r  age was s ign i f ican t ly  d i f fe rent  (table).  I n  t he  
case of n o r m a l  females,  p h e r o m o n e  secre t ion was h ighes t  
d u r i n g  t he  f i rs t  7 days  a f t e r  eclosion and  s u b s e q u e n t l y  
t he  sec re to ry  a c t i v i t y  d iminished .  B y  a b o u t  t he  12 th  day,  
the  females  s t a r t e d  dying.  However ,  in  pos t -d i apause  
females  m a x i m a l  sec re to ry  a c t i v i t y  was obse rved  up  to 
14 days  pos t  emergence.  E v e n  a f te r  th i s  period,  t he  
females  c o n t i n u e d  to  secrete  the  p h e r o m o n e  up  to  18 
days,  w h e n  t h e y  s t a r t e d  dying.  
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Effect of larval diapause on sex pheromone secretion by female 
T. granarium 

Female 
age 
(days) 

No. of males responding" to pheromone extract from 
post-diapause females normal females 
I II III I II III 

1-2 8.7 6.0 8.3 9.0 8.7 8.8 
3-4 8.2 7.2 7.0 8.7 7.6 8.5 
5-7 8.2 8.4 8.5 7.6 8.0 8.4 
8- 9 8.8 8.2 9.4 6.7 6.0 5.7 

10-11 8.1 7.9 7.8 4.8 6.6 6.2 
12-14 8.0 8.4 8.7 - - 
15-16 6.6 5.8 5.9 - - 
17-18 5.2 5.1 5.9 

�9 Each figure represents mean of 10 assays. I, II, III: Pheromone 
extracted fronl 3 batches of 50 females each. 
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The degree of response of pos t -d iapause  males  was also 
s ignif icant ly  h igher  t h a n  t h a t  of normal  males  (figure). 
The enhanced  responsiveness  of d iapause  males  was evi- 
den t  even wi th in  the  first  minu te  of observa t ion ;  and th is  
difference was discernible t h r o u g h o u t  the  per iod of assay. 
I t  is therefore  a p p a r e n t  t h a t  t he  d iapause  males  are able 
to  de tec t  the  presence of phe romone  more  quickly. I t  
m a y  be due to t he  enhanced  agil i ty of the  pos t -d iapause  
males as a resul t  of increased energy  reserves.  Also the  
possibi l i ty  of lowered th resho ld  for phe romone  icercep- 
t ion  can n o t  be ruled out.  This,  and  the  fac t  t h a t  such 
diapause pe rmi t s  enhanced  n u t r i en t  reserves,  t ends  to 
suggest  t h a t  these  insects  m a y  have  grea ter  ma t ing  
vigour t h a n  normal  ones. E n h a n c e d  ma t ing  vigour as a 
result  of d iapause  has  been  observed  in alfalfa weevil  s. 

The resul ts  p resen ted  here  clearly indicate  t h a t  induc-  
t ion of larval  d iapause  by  sub-op t imal  t emp~ra tu ie ,  en- 
hances  the  efficiency of phe romone  communica t ion  be- 
tween  the  sexes. In  T. granarium diapause  is also induced 
by  factors  like crowding,  presence  of faecal m a t t e r  in the  
medium,  and sub-op t imal  nu t r i t i on  10,11. However ,  i t  is 
no t  known  w h e t h e r  larval  d iapause  induced  by these  
f ac to r s  will lead to  enhanced  phe romone  secret ion and 
male response.  

Effects  of h igh  h y d r o s t a t i c  p r e s s u r e s  on the  m o v e m e n t s  of N a  +, K + and CI- in i so la ted  ee l  g i l l s  
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Summary. Hydros t a t i c  pressure appl ied to  isolated eel gills induces changes  in the  t issue Na  +, K + and  C1- contents .  
I t  also inhibi ts  the  ac t iv i ty  of t he  (Na+ + K +) ATPase.  Resul ts  are discussed in t e rms  of an effect  of pressure  on the  
Na + and C1- p u m p s  and  on the  passive permeabi l i ty  processes.  

W h e n  isolated gills f rom sea wa te r  eels are incuba ted  in 
oxygena ted  sea water ,  a cons t an t  level of NaC1 is main-  
t a ined  agains t  the  diffusion grad ien t  ~-5. This seems to  
resul t  f rom an act ive NaC1 ext rus ion  coupled witt l  K + 
entry .  The ma in t enance  of th is  cons t an t  ionic level indeed 
is ve ry  sensit ive to  the  presence  of oxygen  in the  m e d i u m  
and to the  act ion of specific inhibi tors  like ouabain  and  
2-4(e)-dinitrophen01~-~. Nevertheless ,  the  connect ions  
be tween  di f ferent  t r a n s p o r t  processes, as well as t he  real  
na tu re  of the  act ive mechanisms ,  are still unknown.  
Most  of the  theories  on ionic pass ive  and  act ive t ransfers  
involve the  existence of chemical  react ions,  ionizat ion 
processes,  b inding  to  carriers or enzymes.  These chemical  
processes m a y  be associated wi th  volume changes  and 
m a y  therefore  be sensi t ive to  hydros t a t i c  pressure  ~. Hence  
h igh  pressure  could be uti l ized as an analyt ica l  tool  to  
approach  the  s tudy  of t he  s t ruc tu re  of the  cell m e m b r a n e  
in re la t ion to  funct ion.  F r o m  this  po in t  of view, pressure  
has  a l ready been shown to act  select ively on passive ionic 
permeabi l i ty  and  to inh ib i t  the  Na  + act ive t r a n s p o r t  of 
the  isolated frog skin 8-1~ Such results  led us to  s t u d y  the  
effects of h igh  hyd ros t a t i c  pressure  on the  m o v e m e n t s  o f  
Na  +, K + and CI- in isolated gills of the  eel. 
Material and methods. E x p e r i m e n t s  have  been  pe r fo rmed  
on isolated gills f rom silver eels Anguil la  anguilla L. 
a d a p t e d  to  sea wa te r  (521 mEq/1 Na+, 19 mEq/1 K+, 
610 mEq/1 CI-, p H  7.8, t ~ 15 ~ The isolated t issues have  
been  submi t t ed  for 1 h to h y d r o s t a t i c  pressures in an 
appa ra tus  designed to  avoid the  presence of any  gas 
phase  which  has  been  descr ibed elsewhere s. In  t he  p resen t  
s tudy,  the  volume of p r eoxygena t ed  saline used in the  

exper imenta l  se t -up was 50 ml. Dissect ion of the  gills as 
well as incuba t ion  condi t ions  have  been  descr ibed pre- 
viously 5. 
At  the  end of the  exper iments ,  gill f i laments  are cu t  off 
the  incuba ted  gills; t h e y  are b lo t t ed  on fil ter paper ,  
weighed and  dried at  co n s t an t  we igh t  in an oven at  110 ~ 
for d ry  weigh t  measurements .  The gill f i laments  are t h e n  
digested for 48 h in 4 ml  H N O  a 0.1 N. Tissue ionic con- 
cen t ra t ions  have  been  calcula ted f rom the  measu remen t s  
of the  ions con ten t  in the  diges t ion medium.  Na + and  K + 
de te rmina t ions  were done by  f lame p h o t o m e t r y .  CI- con- 
t e n t  was e s t ima ted  wi th  a Buchler-Cot love chlor idometer .  
The results,  ca lcula ted  in txEq of ion per  g t issue d ry  
weight ,  have  been  expressed in th is  repor t  as rat io of the  
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