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ABSTRACT 

Females o f  t h e  polyphagous ichneumonid p a r a s i t o i d ,  E x e r i s t e s  

r o b o r a t o r  (I?.), t h a t  w e r e  c o n d i t i o n e d  f o r  10 days  t o  h o s t s  i n  a  

s p e c i f i c  h a b i t a t  demons t ra ted  a s s o c i a t i v e  l e a r n i n g  by respond ing  

w i t h  o v i p o s i t o r  p robes  t o  t h e  h a b i t a t  a l o n e .  Females c o n d i t i o n e d  

i inmediately a f t e r  e c l o s i o n  showed a  h i g h e r  f r equency ,  i n t e n s i t y ,  

and r e t e n t i o n  (approx imate ly  7 d a y s )  o f  l e a r n e d  b e h a v i o r  t h a n  

t h o s e  c o n d i t i o n e d  5 o r  10 days  a f t e r  e c l o s i o n ,  d e s p i t e  t h e  f a c t  

t h a t  newly-eclosed females  d i d  n o t  p robe  f o r  h o s t s  w i t h  t h e i r  

o v i p o s i t o r s  u n t i l  4 o r  5 d a y s  a f t e r  e c l o s i o n .  T h i s  i s  t h e  f i r s t  

d e m o n s t r a t i o n  o f  age-dependent  l e a r n i n g  a b i l i t y  i n  an  i n s e c t  

p a r a s i t o i d .  

The r e d u c t i o n  i n  t h e  l e a r n i n g  a b i l i t y  of  f emales  w i t h i n  a  

s h o r t  t i m e  a f t e r  e c l o s i o n  may i m p a r t  a s e l e c t i v e  advan tage  t o  

E.  - r o b o r a t o r  by r e d u c i n g  t h e  c o s t s  o f  l e a r n i n g ,  o r  may r e f l e c t  

deve lopmenta l  c o n s t r a i n t s  on t h e  p r o c e s s  o f  l e a r n i n g .  The 

r e s u l t s  s u g g e s t  t h a t  c a r e f u l l y  c o n t r o l l e d ,  a s s o c i a t i v e  l e a r n i n g  

c o u l d  be  e x p l o i t e d  t o  improve t h e  e f f i c i e n c y  of  h o s t  l o c a t i o n  

by p a r a s i t o i d s  r e l e a s e d  i n  b i o l o g i c a l  c o n t r o l  programs. 
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INTRODUCTION 

P a r a s i t i s m  of a  h o s t  by an i n s e c t  p a r a s i t o i d  i s  t h e  r e s u l t  

of t h e  s u c c e s s f u l  completion of a  complex s e r i e s  of even t s .  

Doutt (1959) has d iv ided  t h i s  s e r i e s  i n t o  4 components : 1) 

h o s t  h a b i t a t  f i nd ing ,  2 )  h o s t  f i n d i n g ,  3)  h o s t  accep tance ,  and 

4 )  h o s t  s u i t a b i l i t y  f o r  t h e  development of immature s t a g e s .  To 

t h i s  l i s t  Vinson (1975) has  added a  f i f t h  component, h o s t  

r e g u l a t i o n ,  the  p roces s  by which t h e  o v i p o s i t i n g  female and/or 

he r  progeny change t h e  physiology,  morphology, development, o r  

behavior  of hos t s  (Vinson and Iwantsch 1980) .  

Together,  t h e  f i r s t  3 components comprise t h e  process  of 

h o s t  se l . ec t ion  (Vinson 1976) .  Many p h y s i c a l ,  chemical ,  

p h y s i o l o g i c a l ,  and behav io ra l  f a c t o r s  a r e  involved i n  h o s t  

s e l e c t i o n  by p a r a s i t o i d s  (Dout t  1959; Vinson 1976) .  Assoc i a t i ve  

l e a r n i n g  by the  female p a r a s i t o i d  can be one of t h e s e  f a c t o r s .  

Arthur  (1966,1967) showed t h a t  t h e  polyphagous ichneumonid, 

I t o p l e c t i s  conqu i s i t o r  ( S a y ) ,  l e a r n e d  t o  a s s o c i a t e  t h e  c o l o r ,  - - -- 
s i z e ,  and shape of a  h a b i t a t  w i th  t h e  presence of h o s t s .  Taylor  

(1974) demonstrated t h a t  a s s o c i a t i v e  l e a r n i n g  played a r o l e  i n  

h o s t  s e l e c t i o n  by t h e  oligophagous ichneumonid, Nemeri t is  

canescens  (Gravenhorst)  , a r e s u l t  suppor ted  by Ar thur  (1971) , - 

who showed t h a t  t h i s  p a r a s i t o i d  l ea rned  t o  a s s o c i a t e  h a b i t a t  

odor w i t h  i t s  hos t s .  Bracon m e l l i t o r  Say, a  polyphagous 

braconid ,  l ea rned  t o  engage i n  o v i p o s i t i o n a l  probing i n  response 

t o  t h e  i s o l a t e d  chemical  methyl p a r a s e p t ,  an a r t i f i c i a l  d i e t a r y  

component r e t a i n e d  i n  i t s  h o s t s '  hemolymph, a f t e r  r epea t ed  



exposure  t o  contaminated  h o s t s  (Vinson -- e t  a l .  1 9 7 7 ) .  

L e a r n i n g  a l s o  p l a y e d  a  r o l e  i n  h o s t  a c c e p t a n c e  by 

Trichogramma embryophagum H a r t i g ,  an  egg p a r a s i t o i d  of  moths,  - 

and P s e u d e u c o i l a  - boche i  Weld, a  l a r v a l  p a r a s i t o i d  o f  Drosoph i l a  - 

s p p . .  Both p a r a s i t o i d s  l e a r n e d  t o  d i s t i n g u i s h  u n p a r a s i t i z c d  

h o s t s  from t h o s e  a l r e a d y  p a r a s i t i z e d  by members of  t h e i r  own 

s p e c i e s  (van Len te ren  and Bakker 1975;  Klomp - e t  -- a l .  1980) . 
The involvement  o f  l e a r n i n g  i n  h o s t  s e l e c t i o n  i s  n o t  

l i m i t e d  t o  p a r a s i t o i d s  o f  t h e  o r d e r  Hymenoptera. Monte i th  (1963) 

demons t ra ted  t h a t  t h e  t a c h i n i d ,  -- Drino bohemica -- Mesni l ,  l e a r n e d  

t o  a s s o c i a t e  h a b i t a t  movement w i t h  t h e  p r e s e n c e  o f  h o s t s .  

I t  i s  a l s o  p o s s i b l e  t h a t  p re - imagina l  c o n d i t i o n i n g  of 

p a r a s i t o i d  l a r v a e ,  a s  a p p a r e n t l y  o c c u r s  i n  N.  - canescens  (Thorpe 

and J o n e s  1 9 3 7 ) ,  cou ld  i n f l u e n c e  h o s t  s e l e c t i o n  by a d u l t  f emales .  

However, Monte i th  (1958) and A r t h u r  (1965) found t h a t  p r e -  

i m a g i n a l  c o n d i t i o n i n g  d i d  n o t  o c c u r  i n  - D. bohemica and -- Bessa 

h a r v e y i  Townsend, and - I. c o n q u i s i t o r ,  r e s p e c t i v e l y .  

Evidence of  l e a r n i n g  i s  s e e n  when changes  i n  i n d i v i d u a l  

b e h a v i o r  o c c u r  a s  a  r e s u l t  o f  e x p e r i e n c e .  A s s o c i a t i v e  l e a r n i n g  

i n c l u d e s  a l l  t y p e s  o f  l e a r n i n g  which r e s u l t  i n  t h e  e s t a b l i s h m e n t  

of an  a s s o c i a t i o n  between a s t i m u l u s  and a u n l . t  of b e h a v i o r  

p r e v i o u s l y  u n l i n k e d ,  due t o  e x p e r i e n c e .  C o n d i t i o n i n g  f a l l s  i n t o  

t h i s  c a t e g o r y  (Thorpe 1963) . 
The f a c t  t h a t  l e a r n i n g  p l a y s  a  r o l e  i n  h o s t  s e l e c t i o n  by 

some p a r a s i t o i d s  c o u l d  have  i m p o r t a n t  i m p l i c a t i o n s  f o r  t h e i r  

use  a s  b i o l o g i c a l  c o n t r o l  a g e n t s  i n  p e s t  management. The s u c c e s s  

o f  i n u n d a t i v e  r e l e a s e  programs as w e l l  a s  many programs i n  which 



i n s e c t s  a r e  r e l e a s e d  f o r  e s t a b l i s h m e n t  depends upon t h e  a b i l i t y  

o f  p a r a s i t o i d s  r e a r e d  i n  an a r t i f i c i a l  envi ronment  t o  l o c a t e  

t h e i r  t a r g e t  h o s t s  i n  a  t o t a l l y  d i f f e r e n t  n a t u r a l  envi ronment  

a s  soon a s  p o s s i b l e  a f t e r  r e l e a s e .  When r e a r e d  i n  a n  i n s e c t a r y ,  

p a r a s i t o i d s  may become c o n d i t i o n e d  t o  a s s o c i a t e  c h a r a c t e r i s t i c s  

o f  t h i s  a r t i f i c i a l  environment  w i t h  h o s t s  and t h e i r  h a b i t a t s ,  o r  

be c o n d i t i o n e d  t o  a c c e p t  f a c t i t i o u s  h o s t s  i n  p l a c e  o f  n a t u r a l  

o n e s .  Thus t h e y  may be i n c a p a b l e  of e f f i c i e n t  h o s t  h a b i t a t  

l o c a t i o n ,  h o s t  l o c a t i o n ,  o r  h o s t  a c c e p t a n c e  once r e l e a s e d .  

While t h e y  might  e v e n t u a l l y  become r e c o n d i t i o n e d  t o  a  new 

environment  o r  h o s t ,  heavy l o s s e s  i n  t h e  i n t e r i m  due t o  

p r e d a t i o n ,  w e a t h e r ,  o r  d i s p e r s a l  away from t h e  t a r g e t  

i n f e s t a t i o n  might  reduce  t h e i r  numbers t o  i n e f f e c t i v e  l e v e l s .  

Converse ly ,  i t  might  be  p o s s i b l e  t o  e x p l o i t  t h i s  l e a r n i n g  

a b i l i t y  t o  ' t r a i n '  p a r a s i t o i d s  t o  become more e f f i c i e n t  a t  

l o c a t i n g  t a r g e t  h o s t s  i n  t h e i r  n a t u r a l  h a b i t a t s ,  and t h u s  

i n c r e a s e  t h e  s u c c e s s  and impact  o f  i n u n d a t i v e  r e l e a s e  o r  

e s t a b l i s h m e n t  programs. C o n d i t i o n i n g  c o u l d  be  e s p e c i a l l y  u s e f u l  

i n  overcoming t h e  e f f e c t s  o f  r e a r i n g  p a r a s i t o i d s  on f a c t i t i o u s  

h o s t s  and i n  c o n c e n t r a t i n g  t h e  a t t a c k  o f  a  polyphagous 

p a r a s i t o i d  on a t a r g e t  p e s t  when o t h e r  p o t e n t i a l  h o s t s  a r e  

p r e s e n t .  

E x e r i s t e s  r o b o r a t o r  (F.  ) i s  a  polyphagous ichneum0ni.d - 
e c t o p a r a s i t o i d  n a t i v e  t o  Europe. A f t e r  l o c a t i n g  a h o s t  h a b i t a t ,  

f emales  of  t h i s  s p e c i e s  s e a r c h  w i t h  t h e i r  a n t e n n a e  f o r  h o s t  

l a r v a e  c o n c e a l e d  i n  p l a n t  m a t e r i a l .  When h o s t s  a r e  found,  

p o s s i b l y  t h r o u g h  chemical  c u e s ,  f emales  t h r u s t  t h e i r  o v i p o s i t o r s  



th rough  t h e  p l a n t  m a t e r i a l  i n t o  t h e  h o s t ' s  body, p a r a l y z i n g  i t  

by i n j e c t i n g  venom o r  by c a u s i n g  mechanica l  damage. T h r u s t i n g  

o f  t h e  o v i p o s i t o r  i s  n o t  random, b u t  o c c u r s  i n  r e s p o n s e  t o  t h e  

p r e s e n c e  o f  a  h o s t ,  a l t h o u g h  f e m a l e s  w i l l  sometimes probe  a n  

a r e a  t .hat  a h o s t  h a s  r e c e n t l y  v a c a t e d .  A f t e r  p a r a l y z i n g  a h o s t  

l a r v a ,  f emales  l a y  one o r  more eggs  on o r  n e a r  t h e  l a r v a .  I n  

t h e  l a b o r a t o r y ,  f emales  w i l l  o v i p o s i t  on l i v i n g ,  dead,  

p a r a l y z e d ,  and unpara lyzed  h o s t s  (Baker and J o n e s  1 9 3 4 ) .  

The n a t u r a l  h o s t s  o f  - E. - r o b o r a t o r  i n c l u d e  such i m p o r t a n t  

p e s t s  a s  t h e  European c o r n  b o r e r ,  O s t r i n i a  n u b i l a l i s  (Hubner ) ,  --- 

t h e  European p i n e  s h o o t  moth, Rhyacionia  b u o l i a n a  ( ~ c h i f f .  ) , -- 

and t h e  p ink bollworm, P e c t i n o p h o r a  g o s s y p i e l l a  ( ~ a u n d e r s )  

(Thompson 1 9 5 7 ) .  E .  r o b o r a t o r  h a s  been r e l e a s e d  i n  b i o l o g i c a l  - 

c o n t r o l  programs d i r e c t e d  a g a i n s t  t h e s e  3 p e s t s  i n  v a r i o u s  

l o c a t i o n s  i n  t h e  w e s t e r n  hemisphere .  I n  the 1 9 2 0 ' s  and 1 9 3 0 ' s  

i n  e a s t e r n  North America and i n  t h e  1 9 2 0 ' s  i n  Guam i t  was 

r e l e a s e d  a g a i n s t  0 .  n u b i l a l i s  b u t  it d i d  n o t  become e s t a b l i s h e d  - 

(Baker -- e t  a l .  1949; MacLeod 1962;  McGugan and Coppel 1962; 

C lausen  1 9 7 8 b ) .  I n  t h e  same a r e a s  o f  North America it was 

a g a i n  r e l e a s e d  i n  t h e  1 9 5 0 ' s  a g a i n s t  R.  b u o l i a n a ,  once more - 

w i t h o u t  s u c c e s s  (MacLeod 1962; McGugan and Coppel 1962; Clausen 

1 9 7 8 a ) .  I ts r e l e a s e  a g a i n s t  - P .  g o s s y p i e l l a  i n  t h e  s o u t h e r n  

Uni ted  S t a t e s ,  Mexico, and P u e r t o  Rico  i n  t h e  1 9 3 0 ' s  and 1 9 4 0 ' s  

was a l s o  a  f a i l u r e  (Oatman 1 9 7 8 ) .  T h i s  p a r a s i t o i d  h a s  a l s o  

been employed u n s u c c e s s f u l l y  a g a i n s t  t h e  sugarcane  b o r e r ,  

D i a t r a e a  s a c c h a r a l i s  ( F , ) ,  which i s  n o t  a  n a t u r a l  h o s t ,  i n  t h e  --- 

s o u t h e r n  Uni ted  S t a t e s  (Clausen and Oatman 1 9 7 8 ) .  E .  r o h o r a t o r  - 



d i d  n o t  become permanen t ly  e s t a b l . i s h e d  a t  any r e l e a s e  s i t e  

(Clausen 1978h; C lausen  and Oatman 1978; Oatman 1978;  Krombein 

e t  a l .  1 9 7 3 ) .  A s u g g e s t e d  r e a s o n  f o r  t h c  f a i l u r e s  i n  n o r t h e r n  -- - 
r e g i o n s  i s  a lack of s e a s o n a l  s y n c h r c n i z a t i o n  between t h e  

p a r a s i t o i d  and i t s  h o s t s  (Baker and J o n e s  1 9 3 4 3 .  

A p r e l i m i n a r y  s t u d y  Liy L.M. F ' r i sk ie l  (unpohl i s h e d )  

s u g g e s t e d  that a s s o c i a t i v e  l e a r n i n g  p l a y s  a  role i n  h o s t  

h a b i t a t  l o c a t i ~ n  by - E .  r o b o r a t o r .  My o b j e c t i v e s  were:  I.) t o  

v e r i f y  t h e  o c c u r r e n c e  o f  a s s o c i a t i v e  l e a r n i n g  i n  - E .  -- r o b o r a t o r  

and 2 )  t o  i n v e s t i g a t e  t h e  effect of age  on t h e  l e a r n i n g  a b i l i t y  

o f  E .  r o b o r a t o r  f emales .  - ----- 

MATERIALS AND METHODS 
"- 

Rear* and Maintenance o f  Exper imenta l  Insec t s  -- - ----.- - -- --- 

I n  3 i n o d f I i a a t i o n  of Baker a11d J o n e s '  (1934) sys tem,  - E. 

r o b a r a t o r  w e r e  r e a r e d  a s  l a r v a e  and pupae i n  i n d i v i d u a i  c e l l s  ----- 

i n  p l e x i y l a s s  t r a y s  k e p t  nnder  a n  8 h l i g h t  : 1 6  h  da rk  regime 

a t  2 4 - 2 6 ' ?  and 90";.il. (Sy-c-3 1.984).  They w e r e  fed l a t e - i r i s t a r  

l a r v a e  of G a l l e r i a  n e l l o n e l l a  (I,.) t h a t  had been codd led ,  i . e .  --- - -- 

k i l l e d  by immersion i n  w a t e r  a t  G O " ~  f o r  6 0  s e c .  F r e s h  food 

was p l a c e d  i n  each c e l l  e v e r y  second d a y  u n t i l  t h e  - E ,  ---- r o b o r a t o r  

l a r v a e  had pupated.  On a v e r a g e ,  males  and f e m a l e s ,  r e s p e c t i v e l y ,  

" ~ a c u l t ~  of F o r e s t r y ,  U n i v e r s i t y  of B r i t i s h  Columbia, 
Vancouver, B r i t i s h  Columbia. V6T 1W5. 



pupated a f t e r  9  and 11 days as l a r v a e  and ec losed  10 and 1 2  

days l a t e r .  

V e r i f i c a t i o n  - of Learning and I n v e s t i g a t i o n  - of E f f e c t  of Age -- 

on Learning A b i l i t y  - 
Groups of females of  3 d i f f e r e n t  ages  were condi t ioned  t o  

a s p e c i f i c  h o s t  h a b i t a t  f o r  10 days .  The cond i t i on ing  pe r iod  

was fol lowed by a  2-week t e s t i n g  pe r iod  dur ing  which t h e  

responses  of t h e s e  cond i t i oned  i n s e c t s  and uncondi t ioned c o n t r o l  

i n s e c t s  t o  t h i s  h a b i t a t  were monitored.  A s  i n  A r t h u r ' s  (1966, 

1967) s t u d i e s  on a s s o c i a t i v e  l e a r n i n g  i n  I .  c o n q u i s i t o r ,  - 

probing  o f  t h e  h a b i t a t  w i t h  t h e  o v i p o s i t o r  was deemed t o  be  a  

p o s i t i v e  response t o  t h e  h a b i t a t ,  i n d i c a t i n g  t h a t  females were 

s ea rch ing  f o r  h o s t s  t h e r e .  Both t h e  p ropor t ion  of females 

responding t o  t h e  h a b i t a t  and t h e  number of ti-mes t h e  females 

probed wi th  t h e i r  o v i p o s i t o r s  were recorded .  

Every morning newly-eclosed females were c o l l e c t e d  from 

t h e  r e a r i n g  t r a y s  and p laced  i n  30x30~45  cm cages ,  where they  

were e i t h e r  s u b j e c t e d  t o  c o n d i t i o n i n g  immediately o r  he ld  f o r  

5 o r  10 days.  Each d a y ' s  females were marked on t h e  t ho rax  

wi th  a  s p o t  of  model p a i n t  (Tes to r  Corp., Weston, Ont.) of  

t h e  same c o l o r  t o  i d e n t i f y  them. Those females sub jec t ed  t o  a 

pos t -ec los ion  ho ld ing  pe r iod  were moved t o  i d e n t i c a l  cages  f o r  

c o n d i t i o n i n g  a t  t h e  beginning of  t h e  photoper iod on t h e  s i x t h  

o r  e l e v e n t h  day a f t e r  they  had ec losed .  While i n  holding and 

c o n d i t i o n i n g  cages  females had a c c e s s  t o  wa te r ,  suga r ,  and 

honey, and were a l lowed t o  mate. 



During t h e  c o n d i t i o n i n g  p e r i o d  (Table  1) females w e r e  

g iven h o s t  l a r v a e  p l aced  between t h e  f o l d s  of a  Kimwipe @ 
(Kimberly-Clark Corp., Toronto,  O n t . ) ,  h e l d  t o g e t h e r  by t h e  l i d  

and body of  a  150 m l  s tyrofoam cup (S tax  P l a s t i c s ,  L td . ,  

Toronto,  Ont . )  . This  'egg cup '  appa ra tus  ( F i g .  1) , t h e  h o s t  

h a b i t a t ,  was i n v e r t e d  and p laced  i n  t h e  c e n t r e  of t h e  cage 

f l o o r .  S e c t i o n s  of t h e  cup were c u t  away t o  g i v e  t h e  females 

a c c e s s  t o  t h e  Xiniwipe s u r f a c e ,  where they  t h r u s t  t h e i r  

o v i p o s i t o r s  through t h e  Kimwipe i n t o  t h e  l a r v a e ,  f ed  upon t h e  

l a r v a l  exuda tes  t o  o b t a i n  p r o t e i n  needed f o r  egg matura t ion  

(Baker and Jones  1 9 3 4 ) ,  and o v i p o s i t e d  through t h e  Kimwipe. 

On each morning of  t h e  cond i t i on ing  pe r iod  f r e s h  egg cups were 

p laced  i n  t h e  cond i t i on ing  cages  and l e f t  f o r  t h e  d u r a t i o n  o f  

t h e  photophase.  

Unconditioned c o n t r o l  females were t r e a t e d  i n  e x a c t l y  t h e  

same manner except  t h a t  they  w e r e  g iven h o s t  l a r v a e  exposed on 

t h e  cage f l o o r  (Table 1) i n s t e a d  of  i n  an egg cup. 

A t  t h e  end of  t h e  photoper iod on t h e i r  t e n t h  day of 

c o n d i t i o n i n g ,  females were removed from cond i t i on ing  cages ,  

a s s igned  t o  t e s t  t r ea tmen t  groups (Table  1 1 ,  and p laced  i n  

i d e n t i c a l  cages  where they  remained f o r  t h e  t e s t i n g  pe r iod .  

Unconditioned females i n  Group I were c o n t r o l s  monitored f o r  

any i n n a t e  response t o  an empty egg cup. Females i n  Group I1 

w e r e  cond i t i oned  c o n t r o l s  monitored f o r  t h e i r  response t o  a 

f u l l  egg cup t o  determine what p ropor t ion  of  condi t ioned  

i n s e c t s  cou ld  normally be expected t o  respond when h o s t s  were 

p r e s e n t ,  and what t h e i r  probing f r equenc ie s  would be .  Females 



TLib le  1. Description of c o n d i t i o n i n g  and po:; t - cond i  t i  o n i q  
t e s t  t r e a t m e n t s  f o r  E .  r o b o r a t o r  females. - 

- - -- -. --- -- -- - 
Test Condi t i c n i n g  T e s t  

a 
GY'OUP- 

b Trea  'men t- b Trea tmen t:-- 

I Given 5 h o s t  l a r v a e  Given empty eyg c u p  

(Uncondi t i o n c d  exposed on cage  f l o o r  f o r  1 h each day f o r  

C o n t r o l s )  f c r  d u r a t i o n  o f  photo-  1 4  days .  
phase  e a c h  day f o r  10 
days .  

I1 Given 5 h o s t  l a r v a e  Given 5 h o s t  l a r v a e  

(Condi t ioned  i n  egg cup f o r  i n  egg cup fer 1 h 
d u r a t i o n  of photo-  each day f o r  1 4  days .  
phase  each  day f o r  
10 Zays. 

(Unfed 
E x p e r i m e n t a l s )  

(Fed 
Exper i rnen ta l s )  

Given empty egg cup 
f o r  1 h each day for 
1 4  d a y s .  

Given empty egg cup 
f o r  1 h ,  t h e n  h o s t  
l a r v a e  exposed on 
cage  f l o o r  f o r  1 h 
each  day f o r  1 4  days .  

a  --For conven ience ,  c o n t r o l  g roups  a r e  r e f e r r e d  t o  th roughou t  
the n a n u s c r i p t  a s  uncond i t ionzd  and c o n d i t i o n e d ,  d e s p i c e  
t h e  p o s s i b i l i t y  t h a t  i n s e c t s  i n  Group I c o u l d  have  been 
c o n d i t i o n e d  t o  t h e  cage  f i o o r  as a h o s t  h a b i t a t .  

b -Host l a r v a e  i n  a l l  c a s e s  were G. m e l l c n e l l a  codd led  for - ---- 
6 0  see a t  6 0 ' ~  (Syed 1 9 8 4 ) .  



Figure 1. - E. roborator females ovipositing through Kimwipe 

onto host larvae in an egg cup. 





i n  Group I11 were monitored f o r  t h e i r  response t o  an empty egg 

cup t o  determine i f  t hey  demonstrated a s s o c i a t i v e  l e a r n i n g ,  and 

a s s o c i a t e d  t h e  empty egg cup wi th  h o s t s .  Females i n  Group I V  

were a l s o  monitored f o r  t h e i r  response t o  an empty egg cup,  

b u t  t hey  were then  exposed t o  h o s t  l a r v a e  (on which they  fed  

f r e e l y ) ,  t o  determine whether o r  n o t  n u t r i t i o n a l  s t a t u s  

a f f e c t e d  a b i l i t y  t o  respond t o  an empty egg cup over  t h e  

t e s t i n g  pe r iod .  

I n d i v i d u a l s  within each group were remarked on t h e  t ho rax  

wi th  d i f f e r e n t  c o l o r s  of  model p a i n t .  A l l  had acces s  t o  wa te r ,  

suga r ,  and honey i n  t h e  t e s t i n g  cages ,  b u t  no males were 

p r e s e n t .  

On each day o f  t h e  t e s t k g  pe r iod  a l l  groups were 

monitored f o r  t h e i r  response t o  t h e  a p p r o p r i a t e  egg cup 

appa ra tus  (Table 1).  A f r e s h  egg cup was p laced  i n  t h e  cage 

a t  t h e  beginning of  each moni tor ing p e r i o d  and removed 

immediately a f t e r .  The nurnber of t i m e s  each female probed t h e  

appa ra tus  du r ing  t h i s  t i m e  was recorded.  A probe was counted 

i f  t h e  o v i p o s i t o r  was unsheathed and i n s e r t e d  i n t o  any p a r t  of  

t h e  egg cup. Group I V  females w e r e  exposed t o  h o s t  l a r v a e  

immediately a f t e r  completion of t h e  moni tor ing pe r iod .  The 

o r d e r  i n  which groups were t e s t e d  was v a r i e d  from day t o  day,  

and t h e  procedure  was r epea t ed  u n t i l  20  females had been t e s t e d  

i n  each group.  



Development - of Probing Activity by - Females After Eclosion - 

Newly-eclosed, individually-marked females were placed in 

a conditioning cage with water, sugar, honey, and males. On 

each of the 13 days immediately following eclosion a fresh egg 

cup containing 5 coddled G. mellonella larvae was placed in - --- 

the cage at the beginning of the photoperiod and left all day. 

Ovipositor probing of the egg cup by the females was monitored 

for 1 h at the same time each day. Twenty females were 

observed, and the proportion of fem6les probing, as well as the 

number of times they probed, was recorded. 

Statistical Analysis 

The proportions of responding females in each group were 

converted using an arcsin transformation and compared using a 

L Newman-Keuls test modified for testing proportions . The 

numbers of times females probed were compared using the 

nonparametric STP test for multiple comparisons (Sokal and 

Rohlf 1981). Standard errors were calculated for percentages 

using the method of Parker (1979) and for means using the 

method of Sokal and Rohlf (1981). 

* ~ r .  R.D. Routledge, Department of Mathematics, Simon 
Fraser University, Burnaby, British Columbia. 
V5A 1S6. Unpublished procedure. 



RESULTS AND DISCUSSION 

E. - r o b o r a t o r  females condi t ioned  f o r  1 0  days t o  egg cups 

con ta in ing  h o s t  l a r v a e ,  and t h e r e a f t e r  g iven  empty egg cups f o r  

1 h/day, responded p o s i t i v e l y  wi th  o v i p o s i t o r  probes i n t o  t h e  

empty egg cups (F igs .  2,3;  Tables  2,3). Therefore ,  t hey  a r e  

capable  of l e a r n i n g  t o  a s s o c i a t e  a h a b i t a t  wi th  a h o s t ,  a s  a r e  

o t h e r  non- spec i f i c  p a r a s i t o i d s  (Arthur  1966, 1967, 1971; 

Monteith 1963; Taylor  1974) . 
Fema le s  s u b j e c t e d  t o  t h e  10-day cond i t i on ing  regime 

immediately a f t e r  e c l o s i o n  showed a h ighe r  frequency ( ~ i g .  2 ,  

Table 2 )  , i n t e n s i t y  (Fig .  3, Table 3 ) ,  and r e t e n t i o n  ( ~ i g s .  

2 ,3;  Tables  2 ,3)  of t h e  l ea rned  response than  those  t h a t  began 

t h e i r  cond i t i on ing  5  o r  10 days a f t e r  e c l o s i o n .  Thus young 

females a r e  more capable  of l e a r n i n g  and r e t a i n i n g  t h e  l ea rned  

response than  o l d e r  ones.  This  i s  t h e  f i r s t  record  of age 

a f f e c t i n g  t h e  l e a r n i n g  a b i l i t y  of  an i n s e c t  p a r a s i t o i d .  

The s u p e r i o r  l e a r n i n g  a b i l i t y  of  newly-eclosed females ,  a s  

evidenced by o v i p o s i t o r  probing i n t o  an empty egg cup, i s  

somewhat s u r p r i s i n g ,  because t h e  m a j o r i t y  of females t e s t e d  d i d  

n o t  begin  t o  probe wi th  t h e i r  o v i p o s i t o r s  and f eed  on l a r v a l  

exuda tes  u n t i l  4 o r  5 days a f t e r  e c l o s i o n  (F igs .  4 , 5 ) .  

Evident ly  e a r l y  exposure t o  t h e  h o s t  i n  i t s  h a b i t a t  c o n t r i b u t e s  

t o  t h e  l e a r n i n g  process  i n  - E.  r o b o r a t o r  females even though 

they a r e  unable  t o  respond wi th  o v i p o s i t o r  probing when exposed 

t o  h o s t s  du r ing  t h i s  pos t -ec los ion  matura t ion  per iod .  Perhaps 

immediate l e a r n i n g  i s  of adap t ive  advantage i n  promoting 



Figure 2. Percent of test females in 4 groups conditioned 

at 3 different ages responding to an egg cup 

during a 1 h monitoring period on each day of 

a 14-day testing period. 



TEST GROUP I*----- n- a.---.- 1y . . . . . . . . . . . . 
POST-ECLOS~N-H~~~KGPERIoD: o DAYS 

- - T - - - 1 - - 7 T T - - I T -  

z POST-ECLOSION HOLDING PERIOD: 5 DAYS 

POST-ECLOSION HOLDING PERIOD: 10 DAYS 

DAY 



Figure  3 .  Mean number of  o v i p o s i t o r  probes  i n t o  an egg cup 

by t e s t  females i n  4 groups condi t ioned  a t  3 

d i f f e r e n t  ages dur ing  a  1 h moni tor ing per iod  on 

each day of a 14-day t e s t i n g  pe r iod .  



TEST GROUP I-"" ........... 11- a--- ISL 

POST-ECLOSION HOLDING PERIOD: 0 DAYS 

T 

DAY 



Table 2 .  Resul t s  of s t a t i s t i c a l  comparisons between percent  
of 20 females i n  4 t e s t  groups responding with 
o v i p o s i t o r  probes i n t o  egg cups, Newman-Keuls t e s t  
modified f o r  comparing propor t ions ,  P(0 .05.  
D i f fe ren t  l e t t e r s  i n d i c a t e  s i g n i f i c a n t  d i f f e rences  
between values shown f o r  each day i n  F i g .  2 .  

Post- 

Eclos ior~  
-- Compa.rison of Differences by ------- T e s t  Day 

Xolding T e s t  
a 

Period Group- i 2 3 4 5 G 7 8 3 1 0 i l 1 2 ! 3 1 4  
------ -- - ---- 

0 days 11 z a a a a a a a a z a a ~ a  

111 a  a b a b a b  a  a h a  b  S b b c b c  

: YJ ~ a h b b c a e 3 t b b b b  

I b b c c c b b c b b c c c c  

5 days 

1 0  days 

11 a a a a a a a a a a a a d a  

1 x 1  h b b h b b b b b b b b c G L  

TV b b b c b b b h b b b b b  

X c c c b b c b c b b c c b b  

TI a a a a a a a a a a a a a a  

111 b b b b b b b b b b b b b b  

IV S c b c b c  e b t b  b  b b b  h b b 

I c e c c b b b b b b b b h h  

a  
- T e s t  Groups (Table I )  ranked according t o  most 

c o n s i s t e n t  response l e v e l  i n  F i g .  2 .  



Table  3 ,  R e s u l t s  o f  s t a t i s t i c a l  comparisons between 
o v i p o s i t o r  p robes j female  i n  4 test  g roups ,  
STP t e s t ,  P(0 .05 .  D i f f e r e n t  l e t t e r s  i n d i c a t e  
s i g n i f i c a n t  d i f f e r e n c e s  between d i s t r i b u t i o n s  
of  v a l u e s  from which means shown i n  F i g .  3 
w e r e  c a l c u l a t e d .  

-- -.-----.--- -.-. 

Pos t -  

Ec lo s ion  Cci~iparison ~f D i f f e r e n c e s  by T e s t  Day ----.- --- 
EioLding T e s t  

a P e r i o d  Grc12p- 1 2  3 4 5 6 7 8 9 1 . 0 1 1 1 2 1 2 1 4  
--------------- ----- 

0 days  I1 a a a a a a a a a a a a a a  

111 a a a b b b b b b b b c b b c b  

I V  a a a b b c b b c b b b b b b b  

I b b b c c c c b c h c b c b  

5 days  I1 a s a a a a a a a a a a a a  

111 b b b b b b b b b b b b b b  

TV b b b b b h b b b b b b b b -  
r ., c e b b b c b t h b c b b b  

10 days  L I  a a a a a a a a a a a a a a  

I11 b c b b b b b b b b b b b b b  

I V  b b b c c b b b b b b b b b b  

1 c b c b c b b b h b b b b b b  

a  -Test Groups (Tab le  1 )  r a n k e d  a z c a r d i n g  t o  most 
c o n s i s t e n t  r esponse  l e v e l  i n  F ig .  3 .  



Figures 4 , s .  Percent of females (Fig. 4 )  probing with 

ovipositors into an egg cup and mean number 

of probes/female (Fig. 5 )  during a 1 h 

observation period for females exposed to a 

full egg cup all day for 13 days immediately 

following eclosion. 



DAY (POST- ECLOSION) 



e f f i c F e n t  e a r l y  l o c a t i o n  of h o s t s  on which t o  fpeG, t h u s  

provi-diny e s s e a t i d l  n u t r i e n t s  fo r  v i t c l l o y e n s l s .  

Responst2s by t h e  unconcilt ioned contl-01s of a I 1  3 aycs  : n  

Group I (Table I )  were c o n s i s t e n t l y  low th roughou t  t h e  t e s t i n g  

p e r i o d ,  as measured by bo th  p a r t i c i p a t i o n  r a t e  ( F i g .  2 )  and 

number o f  probes / female  ( F i g .  3 ) .  A supp lementa l  c o n t r o l  

exper iment  was completed i n  which 10 females  were c o n d i t i o n e d  

f o r  1 0  days  irnmcdiately a f t e r  e c l o s i o n  t o  an empty egg cup,  and 

t h e n  t e s t e d  f o r  1 h/day f o r  5 days  f o r  r e s p o n s e s  t o  an  ide l l t ica l  

egg cup. The r e s p o n s e s  o f  t h e s e  f e m a l e s  w e r e  compared with t h o s e  

o f  f e m a l e s  i n  3 o t h e r  g roups  e q u i v a l e n t  t o  Groups I, IT, and 111 

(Table I ) .  T n e r e  w s s  PO di i i "e renc2  between the  r e s p o n s e s  of 

fernales  expose3 t o  a? empty eq9 cup 'or 1 0  dzys and  t h o s e  13: 

f e m a l e s  t r e a t  cd 3s L nmnd-i tioiled G r o x p  1 i r ; s ;3ct~ (Appendix 1 ) 

Therefore, t h e  p o s s i b i l i t y  t h a t  c o n d i t i o n i n g  t o  t h e  cay? f l o o r  

a s  a  h o s t  1idjlb.i-:-a: (3it3terr~(? fer1ialc.s j I Group T from rcsporicliny to 

t h e  empty eqq ccp d u r i n g  th? t e s t i n g  p e r i o d  c a n  be discountecl .  

I n  c o n t r a s t ,  r e s p o n s e s  by t h e  c o n d i t i o n e d  c o n t r o l s  i n  

Croup I1 remained h i g h  t h r o u q h o u t  t h e  t e s t l n g  p e r i o d  ( F i g s .  

L , 3 ) ,  and were s i g n i f i c a n t l y  h i q h ~ r  t h a n  r e s p o n s e s  by Grolly I 

females  on a l l  t e s t  days  ( T a b l e s  2 , 3 )  . T h e r e f o r e ,  no effect 

a s s o c i a t e d  w i t h  t h e  egg curs o r  w i t h  a g i n g  c o u l d  have cailscd 

t h e  d e c l i n e  of l e a r n e d  r e s p o n s e s  over t ime  by females  i n  

Groups 111 and T V  ( F i g s .  2,3; T a b i e s  2 , 3 ) .  A s  w e l l ,  t h e  iower 

r e s p o n s e s  of f ~ m a l e s  i n  Groups TI1 and I V  c o n d i t i o n e d  5 m.1 10  

days  a f t e r  e c l o s i o n  ( F i g s .  2,3;  T a b i e s  2 ' 3 )  c a n n o t  he 

a t t r i b c t e d  t o  a d e c r e a s i n g  a b i l i t y  t o  respond  with a g e ,  b e c a m e  



Group I1 females of a l l  3  ages  mainta ined s i m i l a r  h igh  l e v e l s  

of response (F igs .  2 ,3 )  . 
The l ea rned  responses  of unfed exper imenta l s  i n  Group 111 

(Table  1) were g e n e r a l l y  s i m i l a r  t o  t h o s e  of  Group I V  females 

which w e r e  g iven h o s t  l a r v a e  each day immediately a f t e r  t h e  1 h 

exposure t o  t h e  empty egg cup (F igs .  2 , 3 ) .  On t h e  one occasion 

t h a t  p a r t i c i p a t i o n  r a t e s  (Table 2 )  and i n t e n s i t y  of response 

(Table 3) w e r e  s i g n i f i c a n t l y  d i f f e r e n t  between t h e  2 groups 

(day 4 f o r  females h e l d  1 0  days p o s t - e c l o s i o n ) ,  responses  by 

t h e  f e d  e ~ p e r i ~ e n t a l s  w e r e  lower t han  those  Sy t h e  unfed 

exper imenta l s .  

I t  i s  e v i d e n t  t h a t  n e i t h e r  an adverse  e f f e c t  a s s o c i a t e d  

wi th  t h e  egg cup o r  w i t h  ag ing ,  nor  a l a c k  of oppor tun i ty  t o  

f eed  on h o s t  l a r v a e  caused t h e  d e c l i n e  i n  l ea rned  response by 

unfed females i n  Group 111. Therefore ,  t h i s  d e c l i n e  can be 

a t t r i b u t e d  t o  a  l a c k  of r e t e n t i o n  of t h e  l e a r n e d  behavior .  I t  

i s  d i f f i c u l t  t o  determine how long a  s i g n i f i c a n t  degree  of 

l ea rned  behavior  i s  r e t a i n e d  by - E.  - r o b o r a t o r  females cond i t i oned  

immediately a f t e r  e c l o s i o n ,  b u t  a  s t r o n g  l ea rned  response was 

seen f o r  a t  l e a s t  7  days  a f t e r  c o n d i t i o n i n g  ceased.  A f t e r  t h i s  

t ime a t  l e a s t  some females  s topped d i s p l a y i n g  l ea rned  behavior .  

Arthur  (1966, 1967) ob ta ined  s i m i l a r  r e s u l t s  w i th  - I. c o n q u i s i t o r  

females ,  which showed a s t r o n g  cond i t i oned  response f o r  8 days .  

Non-specific p a r a s i t o i d s  may d e r i v e  d i s t i n c t  b e n e f i t s  from 

employing a s s o c i a t i v e  l e a r n i n g  i n  h o s t  s e l e c t i o n  d e s p i t e  Cowie 

and Krebs'  (1979) and Nachman' s (1981) con ten t ion  t h a t  t h e  

investment  of  t ime and energy r e q u i r e d  t o  g a t h e r  t h e  informat ion 



n e c e s s a r y  t o  l e a r n  i s  r e l a t i v e l y  g r e a t  f o r  an  i n s e c t  p a r a s i t o i d ,  

which might  be  e x p e c t e d  i n s t e a d  t o  depend upon i n n a t e  b e h a v i o r .  

A r t h u r  (1966, 1967) s u g g e s t e d  t h a t  l e a r n i n g  t o  a s s o c i a t e  

a h a b i t a t  w i t h  a h o s t  i n c r e a s e s  the h o s t - f i n d i n g  e f f i c i e n c y  of  

polyphagous p a r a s i t o i d s  w h i l e  m a i n t a i n i n g  t h e i r  p o t e n t i a l  t o  

f i n d  h o s t s  i n  many d i v e r s e  h a b i t a t s ,  and reasoned  that f o r  a 

p a r a s i t o i d  w i t h  a l i m i t e d  range  o f  h o s t s  occupying s i m i l a r  

h a b i t a t s  t h i s  l e a r n i n g  a b i l i t y  would be less u s e f u l .  I n  s u p p o r t  

of t h i s  h y p o t h e s i s  A r t h u r  (1971) demons t ra ted  t h a t  a s s o c i a t i v e  

l e a r n i n g  i n  an o l i y s p h a g o u s  p a r a s i t o i d  w a s  much Less p e r s i s t e n t  

t h a n  i n  a pol ; .ph~gous  parasitoid. Vinson (197G) and Vinson et -- 

a l .  (1977) concluded t h a t  a s s o c i a t i v e  l e a r n i n g  i n c r e a s e s  the -- 

s u c c e s s  o f  polyphagous p a r a s i t o i d s  by p e r m i t t i n g  e f f i c i e n t  

e x p l o i t a t i o n  oi a i f  f e r e n t  h o s t s ,  which vary i n  abundance w i t h  

t i m e  and p l a c e ,  and from year to y e a r .  T f ~ u s  a s s o c i a t i v e  

i e a r r l i n g  wo?.~ld a l l o w  g e n e r a l i s t s  such a s  E .  -- r o b o r a t o r  t o  

c o n c e n t r a t e  t h e i r  s e a r c h i n g  on t h e  most p r o d i ~ z t i v e  h a b i t a t s  ;zt 

any g i v e n  time. 

A s s o c i a t i v e  l e a r n i n g  can p lay  a role i n  oviposition :<it-e 

s e l e c t i o n  by other g e n e r a l i s t i c  i n s e c t s .  J a e n i k e  ( 1 9 8 2 )  

concluded t h a t  a s s o c i a t i v e  l e a r n i n g  i n  o v i p o s , i t i o n  s i t e  

s e l e c t i o n  by - Drosoph i l a  rne lanogas ter  Meigen p e r m i t t e d  i n c r e a s e d  

u s e  of a v a i l a b l e  r e s o u r c e s ,  c l o s e r  co r respondence  between 

o v i p o s i t i o n  on and abundance of f l u c t u a t i n g  r e s o u r c e s ,  and 

s p r e a d  o f  genes i n c r e a s i n g  f i t n e s s  on p a r t i c u l a r  h o s t s .  H e  

h y p o t h e s i z e d  t h a t  a l l  t h e s e  f a c t o r s  c o u l d  c o n t r i b u t e  t o  t h e  

a d a p t i v e  e v o l u t i o n  of  b o t h  phytophayous and ~ a r a s i t i c  inscc t s .  



Some potential selective advantages that could accrue to an 

herbivorous insect employing associative learning may be 

pertinent in oviposition site selection by adult females of 

the apple maggot, Rhagoletis pomonella (Walsh) (Prokopy et &. 

1982). These include reduction of dispersal and associated 

mortality, and, again, concentration of searching by the insect 

on the most abundant host. Prokopy -- et al. (1982) also 

suggested that associative learning increases the foraging 

efficiency of - R. pomonella by increasing its host acceptance 

rate. This advantage might also accrue to some parasitoids. 

Learning to associate habitats with hosts only during a 

limited time in early adult life might impart a selective 

advantage to - E. roborator females by reducing their overall 

investment of time and energy in learning while still giving 

them the opportunity to gain most of the benefits of learning. 

This compromise would only be possible if the individual female, 

after becoming conditioned to the habitat of one of her hosts, 

were able to continue locating this same species at the 

developmental stage necessary for successful parasitization for 

the rest of her reproductive life, and if continued experience 

locating this host in the same habitat reinforced the learned 

association, as in Group I1 females (Figs. 2,3). This may be 

true for - E. roborator females (Baker and Jones 1934), and would 

make learning to identify new host habitats later in life less 

important. However, the utilization of different host species 

by individual females would have to be more thoroughly 

investigated before it could be concluded that they would not 



need t o  form new a s s o c i a t i o n s  between h o s t s  and t h e i r  h a b i t a t s  

t h r o u g h o u t  adu l thood .  For  f emales  o f  - I .  c o n q u i s i t o r ,  which 

must a t t a c k  d i f f e r e n t  h o s t  s p e c i e s  d u r i n g  t h e i r  l i v e s  ( A r t h u r  

1 9 6 7 ) ,  it would n o t  b e  of  a d a p t i v e  advan tage  f o r  l e a r n i n g  

a b i l i t y  t o  be  age-dependent .  I n  c o n t r a s t  t o  f emales  of -- E.  

r o b o r a t o r ,  - - I. c o n q u i s i t o r  f emales  l e a r n e d  s u c c e s s f u l l y  when 

f i r s t  exposed to h o s t s  8 t o  10 days  a f t e r  e c l o s i o n  ( A r t h u r  1 9 6 7 ) .  

A l t e r n a t i v e l y ,  developmenta l  c o n s t r a i n t s  on t h e  p r o c e s s e s  

u n d e r l y i n g  l e a r n i n g  i n  - E. r o b o r a t o r  f emales  may l i m i t  t o  a 

c r i t i c a l  p o s t - e c l o s i o n  p e r i o d  t h e  t i m e  d u r i n g  which t h e  a b i l i t y  

t o  l e a r n  t o  a s s o c i a t e  h a b i t a t s  w i t h  h o s t s  can  be  a c q u i r e d .  

Thus females  h e l d  f o r  5 o r  1 0  days  a f t e r  e c l o s i o n  w i t h o u t  h o s t s  

may n o t  have been a b l e  t o  d e v e l o p  t h e  c a p a c i t y  t o  l e a r n  t o  any 

s i g n i f i c a n t  d e g r e e .  

I f  f emales  deve lop  t h e  a b i l i t y  t o  l e a r n  i n  e a r l y  adu l thood  

and r e t a i n  i t  th roughou t  t h e i r  l i v e s ,  t h e y  c o u l d  be r e c o n d i t i o n e d  

t o  new h o s t  h a b i t a t s ,  a s  Prokopy -- e t  a l .  (1982) demons t ra ted  w i t h  

R.  pomonella .  - 

Demonst ra t ion  of  r e c o n d i t i o n i n g  i n  - E.  r o b o r a t o r  - females  

would s u p p o r t  t h e  h y p o t h e s i s  t h a t  it i s  t h e  c a p a c i t y  t o  l e a r n  

t h a t  i s  developed d u r i n g  a c r i t i c a l  p e r i o d  f o l l o w i n g  e c l o s i o n .  

I t  would r e f u t e  t h e  h y p o t h e s i s  t h a t  t h e  f o r m a t i o n  of  a s s o c i a t i o n s  

between h o s t s  and t h e i r  h a b i t a t s  i s  r e s t r i c t e d  t o  t h i s  b r i e f  

p e r i o d .  However, a c c e p t a n c e  of  t h e  former  h y p o t h e s i s  would 

demand t h a t  t h e  b a s i c  p r o c e s s e s  of l e a r n i n g  i n  - E. r o b o r a t o r  

and - I. c o n q u i s i t o r  would b e  d i f f e r e n t ,  b e c a u s e  - I .  c o n q u i s i t o r  - 

f e m a l e s  d o  n o t  need e a r l y  exposure  t o  h o s t s  i n  o r d e r  t o  l e a r n  t o  



a s s o c i a t e  a h a b i t a t  w i t h  a h o s t  ( A r t h u r  1 9 6 7 ) .  

I t  c o u l d  be  argued t h a t  n u t r i t i o n a l  d e f i c i e n c i e s  caused  

by n o t  a l l o w i n g  females  t o  f e e d  on h o s t  l a r v a e  d u r i n g  t h e  p o s t -  

e c l o s l o n  h o l d i n g  p e r i o d  c r e a t e d  a  c o n s t r a i n t  on t h e i r  l e a r n i n q  

a b i l i t y .  However, newly-eclosed f e m a l e s  q i v e n  immediate a c c e s s  

t o  h o s t s  d i d  n o t  beg in  t o  f e e d  on them u n t i l  4 o r  5 days  a f t e r  

e c l o s i o n  ( F i g s ,  4 , 5 ) ,  y e t  tl-ley d i s p l a y e d  a l e a r n i n g  a b i l i t y  

much s u p e r i o r  t o  t h a t  of f emales  h e l d  5 o r  10 days  b e f o r e  b e i n g  

exposed t o  h o s t s  ( F i g s .  2 , 3 ;  T a b l e s  2 , 3 )  . C l e a r l y  t h i s  e a r l y  

non-feedinq p e r i o d  i s  c r i t i c a l  t o  t h e  development  of a s s o c i a t i v e  

l e a r n i n g  i n  - E. r o b o r a t o r  f e m a l e s ,  and t h u s  it can  b e  concluded 

t h a t  n u t r i t i o n a l  d e f i c i e n c i e s  e a r l y  i n  a d ~ l t  l i f e  w e r e  n o t  

r e s p o n s i b l e  f o r  t h e  reduced  l e a r n i n g  a b i l i t y  o f  t h e  o l d e r  

i n s e c t s .  

The p o t e n t i a l  f o r  e x p l o i t a t i o n  o f  a s s o c i a t i v e  l e a r n i n g  t o  

improve t h e  e f f i c i e n c y  of h o s t  l o c a t i o n  by p a r a s i t o i d s  r e l e a s e d  

i n  b i o l o g i c a l  c o n t r o l  programs h a s  been pol-nted o u t  ( A r t h u r  

1967; Vinson 1976;  Vinson -- e t  a l .  1 9 7 7 ) ,  b u t  n e v e r  t e s t e d .  My 

r e s u l t s  i n d i c a t e  t h a t  when employing a  p a r a s i t o i d  i n  which 

l e a r n i n g  i s  age-dependent  t h e  t i m i n g  of  c o n d i t i o n i n g  would b e  

critical. I n  o r d e r  t o  c o n d i t i o n  such  a n  i n s e c t  e f f e c t i v e l y  it 

would b e  n e c e s s a r y  t o  i d e n t i f y  a c c u r a t e l y  t h e  b o u n d a r i e s  o f  t h e  

p e r i o d  d u r i n g  which a s s o c i a t i v e  l e a r n i n q  can  o c c u r ,  and t o  

d e t e r m i n e  what  f a c t o r s  t h e  p a r a s i t o i d  c o u l d  be  c o n d i t i o n e d  t o  

respond t o  i n  t h e  f i e l d .  

Moreover,  i n  a s s e s s i n g  t h e  p o t e n t i a l  of a p a r a s i t o i d  a s  a  

b i o l o g i c a l  c o n t r o l  a g e n t ,  i t  would b e  n e c e s s a r y  t o  know how 



long ~t would retain a significant degree of conditioning in 

the field, as well as whether or not the conditioned parasitoid 

would be capable of switching to alternative hosts in new 

habitats if populations of the target host were low. 



APPENDIX 1 

Statistical ana1ysi.s of differmces between test groups 

in supplemental control experiment. 



'Table 4. Iresults of statistical comparisons between 
responses to egg cups by E. roborator females 
i n  4 test groups. ~ifferent letters indicate 
siqnificant differences for each test day. 

--- 
Response Test - -- b Comparison of Differences by Test Day- - -- 

a 
Assessed Group- 1 2 3 4 5 

--- - 

P e r c e n t  of I1 
10 females 111 
responding 

X 

I V  

Ovipositor I1 a a a a a 

a -Test Groups 1-111 identical to Groups 1-111 in Table 1. 
Test Group IV g i v e n  an  empty egg cup in c o n d i t i o n i n q  
period and an empty egg cup in testing period, 

%omparisons for  p e r c e n t  of f emeles responding by Newman- 
Keuls test modified for comparing proportions, P 4 0 . 0 5 ,  
and for ovipositor prohes/female by STP test, PC0 .05 .  
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