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h i s t och imiques  sp@cifiques. L '@valuat ion approch@e des 
poids  mol6cula i res  (PM) a 6t6 o b t e n u e  d'apr@s une  cou rbe  
6 tabl ie  ~ p a r t i r  d ' u n  t 6 m o i n  de s6rum h u m a i n .  L a  c o m p a -  
ra i son  des ac t iv i t6s  d ' a n i m a u x  n o r m a u x  e t  pa ras i t6s  es t  
fa i te  ~ l ' a ide  d ' u n  t e s t  de F p o r t a n t  sur  les int@grations 
au  p h o t o m ~ t r e  i n t 6 g r a t e u r  en reg i s t r eu r  V e r n o n  ( type P H I  
3 UV) de 6 @lectrophor~ses p o u r  c h a q u e  ac t iv i t6  et  p o u r  
c h a q u e  lo t  de crabes.  
Rdsultats. I ls  son t  regroup6s  d a n s  u n  p r o t 6 i n o g r a m m e  e t  
dans  u n  z y m o g r a m m e  sch6ma t iques  sur  lesquels  les po ids  
mol6cula i res  ( P M •  10 -3) son t  ind iqu6s  (figure). Le t e s t  
de F effectu6 sur  la s o m m e  des int@grations de c h a q u e  
f r ac t ion  p ro t6 ique  ne  m o n t r e  pas  de diff6rences signifi-  
ca t ives  en t re  les a n i m a u x  n o r m a u x  e t  pa ras i t6s ;  p a r  
cont re ,  elles son t  cons ta t6es  en t re  ces deux  lots  p o u r  
ce r ta ines  f r ac t ions  pro t6 iques .  Chez les crustac@s sains,  
24 b a n d e s  o n t  @t6 r6v616es, e t  19 chez les microsporidi6s .  
L a  d i m i n u t i o n  s igni f ica t ive  (p < 0,01) de l ' i n t 6 g r a t i o n  
des b a n d e s  de P M  470000 e t  375000 chez les pa ras i t e s  
semble  compens6e  p a r  une  a u g m e n t a t i o n  de m~me v a l e u r  
au n i v e a u  P M  60000;  de plus,  3 b a n d e s  d i spa ra i s s en t  
en t r e  les P M  400000 e t  500000 ains i  que  3 au t r e s  e n t r e  
les P M  105000 e t  55000;  enf in ,  les c rabes  pa ras i t6 s  se 
caract@risent p a r  l ' a p p a r i t i o n  d ' u n e  i m p o r t a n t e  b a n d e  de 
PM 340000 e t  la d i spa r i t i on  d ' u n e  au t r e  au n i v e a u  du  
P M  105000. Chez les c rabes  n o r m a u x ,  6 f rac t ions  o n t  
une  activit@ es t6ras ique  n o n  sp6cifique de d@gradation 
des acides o rgan iques  ~ 2C, les pa ras i t6s  en  o n t  8 (les 2 
f rac t ions  supp l6men t a i r e s  se s i t u a n t  a u x  PM 155000 e t  
65 000); chez ces derniers ,  au  P M  480 000, l ' i n t ens i t 6  es t  
n e t t e m e n t  sup@rieure (p < 0,05). Sur  les 4 f r ac t ions  
d ' a c t i v i t 6  est@rasique de d@gradation des acides orga-  
n iques  5, 12C, une  seule (PM 375000) d i m i nue  chez les 
pa ras i t6s  (p < 0,01). Alors  que  l 'h@molymphe des c rabes  
sains poss~de 4 f r ac t ions  p ro t6 iques  ~ ac t iv i t6  es t6ras ique  
de d 6 g r a d a t i o n  des acides o rgan iques  ~ 14C, celle des 
parasit6s" en a 5 (la f r ac t ion  suppMmen ta i r e  es t  r~v6Me 
au  P M  60 000); ce t t e  a p p a r i t i o n  e t  t ' a u g m e n t a t i o n  de  la 
b a n d e  de PM 375 000 (p < 0,05), chez les microsporidi@s, 
s e m b l e n t  compens6es  p a r  une  d i m i n u t i o n  6qu iva len te  au  
P M  80000 (p < 0,01) p a r  r a p p o r t  ~ l ' i n t~g ra t i on  normale .  
Les  activit@s p h o s p h a t a s e  a lcal ine  (PM 250000),  phos -  
p tmtase  acide (PM 145000), a-glucosidase (PM 240000) 
ne  m o n t r e n t  pas  de diff6rences sigr~ificatives en t r e  les 2 
lots.  Q u a n t  ~ l ' ac t iv i t6  pro t~as ique ,  elle semble  ~tre ef- 

fectu@e p a r  une  seule e n z y m e  de P M  a p p r o x i m a t i f  de  
340000;  etle es t  env i ron  6 fois p lus  for te  d a n s  l 'h@mo- 
l y m p h e  du  c r abe  parasit@ que  dans  celle de l ' a n i m a l  sa in  
(p < 0,05). 
Discussion. L a  t e c h n i q u e  utilis@e nous  p e r m e t  d ' u n e  p a r t  
d ' o b t e n i r  u n  61ectrophor@gramme plus  d6tail l6 que  pr6-  
c@demment  ~ (24 f r ac t ions  au  lieu de 18), n o t a m m e n t  au  
n i v e a u  des f rac t ions  que  nous  av ions  consid@r@es c o m m e  
a y a n t  une  mobilit@ m o y e n n e  ou rap ide ,  e t  d ' a u t r e  p a r t ,  
d ' 6va lue r  leur  poids  mol6culaire .  E n  ce qui  conce rne  
l ' a p p a r i t i o n  des f r ac t ions  d a n s  le p r o t 6 i n o g r a m m e  des 
a n i m a u x  paras i t6s ,  nous  pensons  que celle de PM 340 000 
cor respond  h une  tr~s for te  a u g m e n t a t i o n  de l ' a c t i v i t 6  
c h y m o t r y p s i n e ,  e t  celle de  P M , 6 0 0 0 0  ~ l ' i n t ens i f i ca t ion  
de l ' a c t iv i t6  est@rasique globale.  Les t r a v a u x  an t6 r i eu r s  
effectu@s en  d isc-e lec t rophorbse  m o n t r e n t  que  les A r t h r o -  
podes  microsporidi@s o n t  tous  une  h@molymphe d o n t  
l '61ectrophor@gramme es t  ca rac tg r i s t i que  de  l ' 6 t a t  p a t h o -  
logique consid6r6;  cet  @lect rophor6gramme es t  diff@rent 
d ' u n  h6 te  ~ l ' a u t r e  b ien  que  les f r ac t ions  p ro t6 iques  con-  
cern~es so ien t  e s sen t i e l l emen t  celles d o n t  la mobilit@ est  
l en te  ou m o y e n n e  2,4,5. R e m a r q u o n s  que  non  s e u l e m e n t  
les h6 t e s  6tudi@s a p p a r t i e n n e n t  ~ des classes ou des o rdres  
dirt@rents ( Insectes  L~pidopt@re* ou Phasmidopt@re ~, 
Crustac@s B r a c h y u r a  ou N a t a n t i a  2) d o n t  la physiologic  
es t  d i f f6rente  ma i s  que  les pa ras i t e s  f on t  pa r t i e  de genres  
d i s t inc t s  (Nosema 4, P l e i s t o p h o r a  5, Thelohania*) .  P a r  
cont re ,  Saccu l ina  carc in i  (Crustac6 Rhizoc@phale) a une  
ac t ion  d i s semblab le  de celle de T. m a e n a d i s  sur  l'h@mo- 
l y m p h e  de C. m e d i t e r r a n e u s  car  elle p r o v o q u e  l ' a p p a r i t i o n  
sur  son 61ec t rophor6gramme d ' u n e  f r ac t ion  de h a u t  po ids  
mol6cula i re  ~,7. Pu i sque  chez  les c rabes  pa ras i t6s  p a r  
T. maenad i s ,  la seule f r ac t ion  ~ ac t iv i t6  c h y m o t r y p s i n e  
de l ' h 6 m o l y m p h e  a u g m e n t e  tr@s fo r t emen t ,  ce t t e  aug-  
m e n t a t i o n  ne  serai t -el le  pas  due  A l ' i nduc t i on  p a r  la 
microspor id ie  d ' u n e  synth&se accrue  de pro t~ase  p a r  
son h6 te  d o n t  elle cont r61era i t  l ' au to lyse  ? 
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Summary. A m e t h o d  has  b e e n  deve loped  to  measu re  o r i e n t a t i o n  responses  of ca te rp i l l a r s  to  va r ious  sources  of s t imul i  
a t  p r e d e t e r m i n e d  d i s tances  on  a grid of i n t e r sec t ing  r ibs  indoors  and  o u t d o o r s  

In  t h e  course  of our  s t u d y  of o r i e n t a t i o n  of t he  l a rvae  of 
Pap i l io  demoleus  a n d  o the r  l ep idopte rous  insects ,  i t  was  
r equ i r ed  to i n v e s t i g a t e  t h e  r e l a t i onsh ip  be tween  t h e i r  
responses ,  p a r t i c u l a r l y  taxis ,  and  d i s t ances  of va r ious  
sources  of s t imu l i  in  d i f fe ren t  combina t ions .  F o r  th i s  
s tudy ,  i t  was  essent ia l  t h a t  a) each free mov ing  l a rva  
would  show i ts  response  a t  a p r e d e t e r m i n e d  p o i n t  a t  t h e  
des i red  d i s t ance  f r o m  a source of s t imulus ,  and  b) i t s  
r e sponse  would  be  s h a r p l y  def ined  b y  al lowing i t  to  t u r n  
a t  r i g h t  angles  t o w a r d s  or  a w a y  f rom t he  s t imu lus  source.  
These  r e q u i r e m e n t s  could n o t  be  m e t  b y  t he  t e c h n i q u e s  

a d o p t e d  for  o t h e r  l ep idop te rous  l a rvae  2-~. Sa t i s f ac to ry  
resu l t s  were Obtained b y  t e s t i n g  t h e  l a r v a e  on a grid, as 
descr ibed  beloW. 
Material and methods. The  gr id  (figure). I t  Consists of a 
series of paral le l ,  t r a n s v e r s e  r ibs  of p las t i c  or i ron  wire  
i n t e r sec t i ng  a t  r i g h t  angles  a n o t h e r  Series of paral le l ,  
l ong i t ud ina l  r ibs  a t  desired d is tances .  The  surface  of t h e  
r ibs  is coarse  a n d  the i r  t h i cknes s  such  t h a t  t h e  insec ts  
can  gr ip  t h e  r ibs  a n d  m o v e  on  t h e m  w i t h  ease. The  in te r -  
sec t ions  of the  r ibs  are a t  d i s t ances  a l m o s t  equal  to  t h e  
l e n g t h  of t h e  t e s t  l a rvae  so t h a t  a) a l a r v a  can  m o v e  f rom 
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one r ib  to  a n o t h e r  on ly  a t  an  in te r sec t ion ,  and  b) on 
r each in g  an  in te r sec t ion ,  i t  c an  t u r n  on ly  a t  t h a t  po in t  
a n d  n o t  a t  t h e  p reced ing  in te r sec t ion .  A d i s t ance  of a b o u t  
2 c m  b e t w e e n  t h e  i n t e r sec t i ons  is su i t ab l e  for P.  d e m o l e u s  
la rvae .  T h e  gr id  is s u p p o r t e d  on  a 5-7 c m  h igh  s t a n d  a nd  
can  be i l l u m i n a t e d  f r o m  above  or be low by  f luorescen t  
d a y - l i g h t  t u b e s  t h r o u g h  a wh i t e  f luo rescen t  screen.  
_Presentation o/s t imuli .  A source  of one  or more  s t imu l i  is 
p laced  on or ou t s ide  t he  gr id  on t he  lef t  or r i gh t  of t h e  
cen t r a l  t r a n s v e r s e  r ib in s u c h  a m a n n e r  t h a t  t he  midd l e  
of t h e  s t i m u l u s  source  is in t h e  s a m e  p l a n e  as t he  cen t r a l  
l o n g i t u d i n a l  r ib a t  t h e  des i red  d i s t a n c e  f rom t h e  c e n t r a l  
i n t e r sec t i on  of t h e  2 r ibs  (figure). T h e  o the r  s ide of t h e  
cen t ra l  t r a n s v e r s e  r ib  is left  b l a n k  or p rov ided  w i t h  
a n o t h e r  source  of s t i m u l u s .  
W h e n  a source  of s t i m u l u s  is p laced  on  t he  gr id  a n d  
s t i m u l i  f r o m  o th e r  sources  are  to  be exc luded ,  a ve r t i ca l  
o p a q u e  sc reen  is p laced  all r o u n d  t h e  grid,  excep t  a t  t h e  
t op  wh ich  m a y  be open  or covered  w i t h  a g lass  p l a t e  for 
obse rva t ion .  I n  o u t d o o r  e x p e r i m e n t s  u s ing  p l a n t s  or o the r  

Orientational responses of the last (fifth) instar larvae of Papilio 
demoleus to certain plant leaves presented at different distances on 
the grid 

Plant* Dis- Percent larvae*** ~ SE Orientational 
tahoe** turning and moving towards preference 
(ram) Stimulus Blank side (B) (P) 

source (S) 

Citrus 
limettiodes 10 86.0 -r 4.0 2.0 + 2.0 84.0 

15 80.0 :[: 3.2 8.2 :E 2.5 72.0 
20 70.0 :t: 4.5 8.0 • 2.0 62.0 
25 58.0 -r 2.0 16.0 -r 2.5 42.0 
30 48.0 ~ 2.0 16.0 =t: 4.0 32.0 

Gossypium 
hirsutum 10 86.0 q- 2.5 2.0 4- 2.0 84.0 

15 76.0 • 4.0 2.0 -t- 2.0 74.0 
20 64.0 ~ 4.0 12.0 4- 3.7 52.0 
25 48.0 4- 7.4 12.0 4- 2.0 36.0 
30 40.0 • 4.5 12.0 q- 3.7 28.0 

* Square-shaped piece (20 • 20 mm) of a freshly excised leaf. ** The 
given distances varied by i 3 mm because of the swaying of the 
head by the moving larvae. * * * The remaining larvae moved forward. 

large  sources  of s t imul i ,  t h e  grid m a y  be  p laced on a s t a n d  
of a p p r o p r i a t e  h e i g h t  a t  t h e  desi red d i s t a nc e  f r o m  the  
sources  of s t imul i .  
Measurement of response. E a c h  l a rva  is re leased  on  t he  
gr id  a n d  al lowed to m o v e  t ow a rds  t he  c e n t r a l  in te r sec t ion  
on  t h e  cen t r a l  t r a n s v e r s e  r ib f r om i ts  p r eced ing  in te r -  
sec t ion  w i th  t h e  a d j a c e n t  l ong i t ud ina l  rib. T h e  larva ,  on 
r e a c h i n g  t he  cen t r a l  in te r sec t ion ,  m a y  c on t i nue  to  m o v e  
fo rward  on t h e  s a m e  t r a n s v e r s e  r ib or t u r n  t o w a r d s  one 
or t h e  o the r  side on t he  cen t r a l  l o n g i t u d i n a l  rib. If  t he  
l a r v a  t u r n s  b a c k  on t he  t r a n s v e r s e  r ib t o w a r d s  t h e  pre-  
ced ing  sect ion,  i t  is d i scarded .  A f t e r  r eco rd ing  i ts  res-  
ponse ,  a n o t h e r  l a r v a  is s imi l a r ly  t e s t e d  by  a l lowing  it  to 
m o v e  on  t he  t r a n s v e r s e  r ib in t h e  reverse  d i rec t ion  
t o w a r d s  t he  c e n t r a l  in te r sec t ion .  On  t h e  bas is  of t en  
t e s t s  in each  repl ica te ,  t h e  p e r c e n t a g e s  of l a rvae  m o v i n g  
fo rward  (F) as well as of t hose  t u r n i n g  t o w a r d s  each  side 
(S, B) are  ca lcu la ted .  
Results and discussion. I n  t h e  absence  of a n y  d i rec t iona l  
s t i m u l u s ,  t he  p e r c e n t a g e s  of P. d e m o l e u s  l a rvae  t u r n i n g  
t o w a r d s  b o t h  t h e  s ides  a t  t he  c e n t r a l  i n t e r sec t i on  are  
a l m o s t  e qua l  (30.1% :t: SE  2.3 a n d  28.4% :[: SE  2.0) 
w h e r e a s  t he  p e r c e n t a g e  of t hose  m o v i n g  fo rw a rd  is a 
l i t t le  h ighe r  (37.1% • SE 3.1) a n d  t hose  r eve r s ing  ve ry  
low (4.4% + SE 1.3). 
In  t h e  p re sence  of a s t i m u l u s  source  on one  side a n d  none  
on  t h e  o ther ,  t h e  d i f ference  (S-B)  b e t w e e n  t he  p e r c e n t a g e s  
of t h e  insec t s  t u r n i n g  t o w a r d s  t h e  s t i m u l u s  source  (S) 
a n d  t o w a r d s  t h e  oppos i t e  b l a n k  side (B), would  ind ica te  
t he i r  o r i e n t a t i ona l  p re fe rence  (P). Pos i t i ve  va lue s  of t he  
o r i e n t a t i o n a l  p re fe rence  wou ld  i m p l y  a t t r a c t i o n  and  
n e g a t i v e  v a l u e s  r epu l s ion  of t he  l a rvae  b y  t h e  s t i m u l u s  
source .  
I n  o rder  to i l l u s t r a t e  t he  a bove  m e t h o d ,  some  obse rva -  
t i ons  on  the  r e sponses  of t he  las t  (fifth) i n s t a r  l a rvae  of 
Papi l io  d e m o l e u s  to  t h e  leaves  of t he i r  h o s t  p l a n t  Ci t rus  
l ime t t i ode s  a nd  a n o n - h o s t  G o s s y p i u m  h i r s u t u m  are g iven  
in  t h e  table .  B o t h  t he  h o s t  a nd  t h e  n o n - h o s t  leaves  
el ici ted a n  a l m o s t  equa l  l a rva l  a t t r a c t i o n  w h ic h  decl ined 
w i t h  t h e  inc rease  iu t he  d i s t ance .  
T h e  gr id  is p a r t i c u l a r l y  su i t ab le  for t h e  s t u d y  of o r i en ta -  
t i on  of ca te rp i l la rs  for  t h e  fol lowing r easons :  Caterp i l la rs  
of a n u m b e r  of l e p idop t e r a ns  f ind  i t  d i f f icul t  to  m o v e  on 
a f la t  s m o o t h  sur face .  T h e y  can  m o v e  w i t h  ease on a f la t  
coarse  su r face  e.g., wire gauze,  f i l ter  paper ,  b u t  t h e y  
o f t en  t u r n  b y  v a r y i n g  angles  a t  i r r egu la r  d i s tances .  There -  
fore, on s u c h  a sur face ,  i t  is n o t  poss ib le  to con t ro l  t he  
d i s t a nc e  of t h e  s t i m u l u s  source  f rom t h e  l a rva  a t  t h e  t ime  
of i t s  response .  Also, i t  is n o t  c e r t a i n  w h e t h e r  Or n o t  the  
l a r v a  t u r n i n g  in  a n y  d i rec t ion  is do ing  so in r e sponse  to 
t he  s t imu lus .  A 2-3 m m  th i c k  wire p rov ides  a c o n v e n i e n t  
su r face  on  w h i c h  t h e  l a rva  c a n  move .  Bu t ,  on a s t r a i g h t  
wire  t h e  l a rva  m o v e s  a n d  s tops  f r o m  t i m e  to  t i m e  to 
t u r n  i ts  h e a d  a n d  t h o r a x  to  r i g h t  or left.  I n  s u c h  cases,  i t  
w ou ld  a ga in  be  d i f f icu l t  to  decide w h e t h e r  or n o t  t he  
t u r n i n g  of t h e  l a r v a  is s p o n t a n e o u s  or in r e sponse  to t h e  
s t i m u l u s .  S u c h  di f f icul t ies  are  avo ided  in t h e  grid,  t he  
r ibs  of w h i c h  p rov ide  a c o n v e n i e n t  s u b s t r a t u m  for t h e  
l a rva l  m o v e m e n t ,  a n d  t h e  i n t e r s e c t i ons  p rov ide  t he  
o p p o r t u n i t y  for  t he  l a rvae  to  t u r n  a t  t he se  p o i n t s  r a t h e r  
t h a n  inbe tween .  

Apparatus for testing orientational responses of caterpillars on a grid. 
ci, Central intersectioh of the ribs of the grid; clr, central longitud/nal 
rib of the grid; ctr, central transverse rib of the grid; g, grid; il, 
illuminator housing day-light fluorescent tube lights covered on top 
with a white fluorescent screen; l, larva; ss, stimulus source (host 
plant leaves); st, stand supporting the grid. 
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