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The p a r a s i t e  C o t e s i a  m e l a n o s c e l u s  
a t t a c k s  s m a l l  gypsy moth l a r v a e  more s u c c e s s -  
f u l l y  t h a n  l a r g e  ones ,  a n d  B a c i l l i s  
t h u r i n g i e n s i s  r e t a r d s  t h e  growth o f  c a t e r p i l l a r s  
i t  d o e s  n o t  k i l l .  T o g e t h e r ,  b o t h  f a c t o r s  l e a d  
t o  h i g h e r  p a r a s i t i s m  by C. m e l a n o s c e l u s  
i n  a r e a s  s p r a y e d  w i t h  B. t h u r i n g i e n s i s  

- - 
t h a n  e l s e w h e r e .  

One o f  t h e  ma jo r  a d v a n t a g e s  of m i c r o b i a l  
a g e n t s  o v e r  chemica l  i n s e c t i c i d e s  is t h e i r  
s p e c i f i c i t y .  They a r e  u s u a l l y  ben ign  t o  
n o n - t a r g e t  o rgan i sms  s u c h  as p a r a s i t e s  and  
p r e d a t o r s ,  and i n d e e d  many gypsy moth n a t u r a l  
enemies  are n o t  harmed by t r e a t m e n t s  w i t h  
m i c r o b i a l  s p r a y s .  Fo r  i n s t a n c e ,  Dunbar e t  
a l .  (1973)  found t h a t  p e r c e n t  p a r a s i t i s m  by a 
number of gypsy moth p a r a s i t e s  was similar i n  
check  and B a c i l l u s  t h u r i n g i e n s i s  s p r a y  p l o t s ,  
and  i n  a n o t h e r  s t u d y  t h e  number o f  a d u l t  
p a r a s i t e s  c a u g h t  i n - m a l a i s e  t r a p s  d u r i n g  t h e  
y e a r  o f  t r e a t m e n t  was u s u a l l y  t h e  same i n  a l l  
p l o t s  (Reardon e t  a l .  1979) .  However, i n  some 
cases p a r a s i t e  numbers were  d e c r e a s e d  by 
s p r a y s .  Reardon e t  a l .  (1979)  and  Andread i s  e t  
a l .  (1983)  found t h a t  t h e  p u p a l  p a r a s i t e .  - -  - 
Brachymeria  i n t e r m e d i a  (Hymenoptera: 
C h a l c i d i d a e ) ,  was n o t  numerous i n  B. . . 

t h u r i n g i e n s i s - t r e a t e d  a r e a s .  ~ i c e K u r s t  e t  
a l .  (1982)  showed t h a t  t h e  t a c h i n i d  p a r a s i t e s  
Compsi lura  c o n c i n n a t a  and  B l e p h a r i p a  p r a t e n s i s  
p a r a s i t i z e d  a lower  p e r c e n t a g e  o f  gypsy moths  i n  
B. t h u r i n g i e n s i s  s p r a y  p l o t s  t h a n  i n  non-spray - 
p l o t s ,  and  Kaya e t  a l .  (1974)  n o t e d  t h a t  l a r v a e  
o f  t h e  p redaceous  b e e t l e ,  Calosoma s y c o p h a n t a ,  
were  less abundan t  i n  B. t h u r i n g i e n s i s - t r e a t e d  
as compared t o  u n t r e a t e d  a r e a s .  

A d e c r e a s e  i n  p a r a s i t e  o r  p r e d a t o r  
p o p u l a t i o n s  i n  a r e a s  t r e a t e d  w i t h  a  mic robe  d o e s  
n o t  n e c e s s a r i l y  mean t h a t  t h e  a g e n t  h a s  a  d i r e c t  
e f f e c t  on t h e  n a t u r a l  enemy. P a r a s i t e s  and  
p r e d a t o r s  r e spond  t o  h o s t  p o p u l a t i o n s ,  which are 
g e n e r a l l y  d i f f e r e n t  i n  t r e a t e d  and u n t r e a t e d  
p l o t s .  B. i n t e r m e d i a ,  f o r  i n s t a n c e ,  s e e k s  o u t  
h i g h  ligFt i n t e n s i t i e s  a n d  s o  i s  u s u a l l y  most 
abundan t  i n  d e f o l i a t e d  a r e a s  (Weseloh 1976b).  
Thus i t s  numbers are o f t e n  h i g h e r  i n  check  p l o t s  
where most d e f o l i a t i o n  o c c u r s .  I n  f i e l d  
s i t u a t i o n s  i t  i s  o f t e n  n o t  p o s s i b l e  t o  t e l l  
whe the r  t h e  d e p r e s s i n g  e f f e c t  o f  t h e  a g e n t  i s  
d i r e c t  o r  i n d i r e c t .  A l so ,  w i t h  one  e x c e p t i o n  

( t o  be  d e t a i l e d  l a t e r ) ,  no l a b o r a t o r y  s t u d i e s  have 
d e s c r i b e d  t h e  s p e c i f i c  i n t e r a c t i o n s  between t h e  
most w ide ly  used  m i c r o b i a l  a g e n t ,  B a c i l l u s  
t h u r i n g i e n s i s ,  a n d  gypsy moth n a t u r a l  enemies .  

A few worke r s  have  s t u d i e d  i n t e r a c t i o n s  
between n a t u r a l  enemies  and  t h e  gyspy moth n u c l e a r  
p o l y h e d r o s i s  v i r u s .  C a p i n e r a  and Barbosa  (1975) 
showed t h a t  a d u l t s  o f  t h e  p redaceous  c a r a b i d  
b e e t l e ,  Calosoma s y c o p h a n t a ,  c o u l d  p a s s  v i a b l e  
v i r u s  p o l y h e d r a l  i n c l u s i o n  b o d i e s  t h r o u g h  t h e i r  
g u t  w i t h o u t  e v i d e n t  harm, and s o  may be  a u s e f u l  
v e c t o r  o f  t h i s  pa thogen .  s i m i l a r l y ,  Raimo e t  
a l .  (1977)  demons t r a t ed  t h a t  t h e  b r a c o n i d .  C o t e s i a  
( A p a n t e l e s )  m e l a n o s c e l u s ,  c o u l d  t r a n s m i t  v i r u s  
f rom c a t e r p i l l a r  t o  c a t e r p i l l a r  when its 
o v i p o s i t o r -  became c o n t a m i n a t e d ,  e i t h e r  
a r t i f i c i a l l y  o r  from a t t a c k i n g  d i s e a s e d  h o s t s .  
However, C. m e l a n o s c e l u s  t e n d s  t o  a v o i d  
o v i p o s i t i n g  i n  moribund h o s t s  ( V e r s o i  a n d  Yendol 
1982) ,  p o s s i b l y  r e s t r i c t i n g  i t s  u s e f u l n e s s  as a 
v e c t o r .  

Because  s u c h  s t u d i e s  have  n o t  been e x t e n s i v e  
i t  is d i f f i c u l t  t o  g e n e r a l i z e  a b o u t  t h e  impac t  
m i c r o b i a l  a g e n t s  have on gypsy moth n a t u r a l  
enemies .  However, t h e r e  is one  i n t e r a c t i o n  
i n v o l v i n g  B. t h u r i n g i e n s i s  a n d  t h e  p a r a s i t e ,  C. 
m e l a n o s c e l u s ,  t h a t  h a s  r e c e i v e d  a  s u b s t a n t i a l  
r e s e a r c h  i n v e s t m e n t .  

I n  t h e  e a r l y  1 9 7 0 ' s  a  number o f  f i e l d  tests 
demons t r a t ed  t h a t  C. m e l a n o s c e l u s  i m ~ a c t  was 
enhanced i n  a r e a s  s p r w  t h ; r i n g i e n s i s .  
Fo r  example ,  i n  a  1972 s p r a y  test  i n  C o n n e c t i c u t  
p e r c e n t  parasitism o f  f i k l d i c o l l e c t e d  c a t e r p i l l a r s  
by 5. m e l a n o s c e l u s  a v e r a g e d  1 .0% i n  check  p l o t s  
and o v e r  1 2  times h i g h e r  (13.3%) i n  p l o t s  s p r a y e d  
w i t h  T h u r i c i d e  HPC o r  t h e  e x p e r i m e n t a l  p r e p a r a t i o n  
IMC 90012 (Dunbar e t  a l .  1973) .  The f o l l o w i n g  
y e a r  p e r c e n t  p a r a s i t i s m  was 1.3, 7 .0 ,  and 20.6% 
r e s p e c t i v e l y  i n  check ,  Thur ic ide-16B,  and  D i p e l  WP 
p l o t s .  A l so ,  a n  a v e r a g e  of o n l y  0 . 8  C. 
m e l a n o s c e l u s  o v e r w i n t e r i n g  cocoons  was l o c a t e d  
unde r  e a c h  b u r l a p  band i n  check  p l o t s  as compared 
t o  4 .7  i n  T h u r i c i d e  and 8.1 i n  D i p e l  p l o t s  (Kaya, 
e t  a l .  1974) .  Thus,  t h e  a b s o l u t e  number o f  
p a r a s i t e  progeny a s  w e l l  as t h e  p r o p o r t i o n  o f  
h o s t s  a t t a c k e d  i n c r e a s e d  i n  test  p l o t s .  T h i s  is  
i m p o r t a n t  because  p e r c e n t  p a r a s i t i s m  c a n  be  
e x p e c t e d  t o  i n c r e a s e  i n  t r e a t e d  areas (assuming 
t h e  d i s e a s e  h a s  no  d i r e c t  e f f e c t  on t h e  p a r a s i t e )  
e v e n  i f  p a r a s i t e s  a r e  n o t  enhanced b e c a u s e  low 
h o s t  numbers r e s u l t i n g  f rom d i s e a s e - i n d u c e d  
m o r t a l i t y  may r e s u l t  i n  a  more f a v o r a b l e  
p a r a s i t e : h o s t  r a t i o .  Wollam and Yendol (1976)  
showed t h a t  t h i s  enhanced e f f e c t  a l s o  o c c u r r e d  
when 1000 mated f ema le  5. m e l a n o s c e l u s  were  
r e l e a s e d  i n t o  p l o t s  which were  a l s o  t r e a t e d  w i t h  
~ h u r i c i d e - 1 6 ~ .  - Count s  o f  gyspy moth l a r v a e  under  
b u r l a p  bands  a s  w e l l  as d e f o l i a t i o n  e s t i m a t e s  were  
lower  i n  p l o t s  r e c e i v i n g  mic robe  and p a r a s i t e  t h a n  
i n  p l o t s  r e c e i v i n g  B. t h u r i n g i e n s i s  a l o n e ,  C. 
m e l a n o s c e l u s  a l o n e  o r  no  t r e a t m e n t s .  T h i s  i s  t h e  
o n l y  s t u d y  I know o f  where p a r a s i t e  r e l e a s e s  



have been shown t o  a c t u a l l y  r educe  gypsy moth 
p o p u l a t i o n s .  It may be i m p o r t a n t  t h a t  t h e  
e f f e c t  o c c u r r e d  o n l y  when p a r a s i t e s  were 
r e l e a s e d  i n  combina t ion  w i t h  B. t h u r i n g i e n s i s .  

The above r e p o r t s  show t h e  p o t e n t i a l  which 
B. t h u r i n g i e n s i s  h a s  f o r  improving t h e  - 
e f f e c t i v e n e s s  o f  2. melanosce lus .  Because t h e  
combined e f f e c t  was g r e a t e r  t h a n  t h e  summed 
e f f e c t  when e i t h e r  a g e n t  was p r e s e n t  a l o n e  t h e  
phenomenon was a c a s e  o f  t r u e  synergism.  
I n i t i a l l y  t h e  c a u s a l  mechanism was unknown. I n  
e a r l y  t e s t s  m o l a s s e s  was o f t e n  used  a s  a n  
a d j u v a n t  i n  s p r a y  m i x t u r e s  and may have 
a t t r a c t e d  C. melanosce lus  i n t o  t h e  a r e a .  
However, o t h e r  p a r a s i t e s  which s h o u l d  have 
responded t o  t h e  molasses  d i d  n o t .  Fur the rmore ,  
I c o u l d  n o t  i n c r e a s e  p a r a s i t e  a c t i v i t y  by 
s p r a y i n g  from t h e  ground w i t h  molasses .  A c l u e  
t o  t h e  mechanism i n v o l v e d  o c c u r r e d  i n  t h e  mid 
1 9 7 0 ' s  when I r e l a t e d  5. melanosc leus  p a r a s i t i s m  
r a t e s  t o  gypsy moth l a r v a l  development (Weseloh 
1976a) .  P e r c e n t  p a r a s i t i s m  by C. melanosce lus  
r eached  a  peak when most h o s t s  were  i n  t h e  
second i n s t a r  and d e c l i n e d  t h e r e a f t e r  , d e s p i t e  
t h e  f a c t  t h a t  t h e  p a r a s i t e  h a s  two g e n e r a t i o n s  a 
y e a r .  F i r s t  g e n e r a t i o n  p a r a s i t e s  emerge from 
o v e r w i n t e r i n g  coco.ons when gypsy moth e g g s  a r e  
h a t c h i n g  and a t t a c k  f i r s t  i n s t a r s .  T h e i r  
progeny deve lop  w i t h o u t  d i a p a u s e  and a t t a c k  
t h i r d  and f o u r t h  i n s t a r s .  C l e a r l y  t h e  f i r s t  
g e n e r a t i o n  p a r a s i t i z e d  t h e  most h o s t s  i n  s p i t e  
o f  t h e  r e l a t i v e l y  l a r g e  numbers o f  second 
g e n e r a t i o n  a d u l t  p a r a s i t e s  ( a s  measured by 
s t i c k y - p a n e l  c a t c h e s )  p r e s e n t  when gypsy moths 
were f o u r t h  i n s t a r s  and l a r g e r .  R e s u l t s  
s u g g e s t e d  t h a t  p a r a s i t e s  d i d  n o t  s u c c e s s f u l l y  
a t t a c k  l a r g e  c a t e r p i l l a r s ,  and t h i s  was 
conf i rmed i n  l a b o r a t o r y  t e s t s .  Because o f  t h e  
v i g o r o u s  d e f e n s i v e  movements and  l o n g  h a i r s  o f  
o l d e r  h o s t s ,  t h i r d  and f o u r t h  i n s t a r s  were  l e s s  
f r e q u e n t l y  p a r a s i t i z e d  t h a n  were younger 
c a t e r p i l l a r s  (Weseloh 1976a) .  

I d i d  n o t  r e l a t e  t h e s e  r e s u l t s  t o  t h e  
p a r a s i t e - 2 .  t h u r i n g i e n s i s  i n t e r a c t i o n  u n t i l  
T i c e h u r s t  e t  a l .  (1982) found t h a t .  i n  a d d i t i o n  
t o  t h e  i n c r e a s e d  p a r a s i t i s m  by C. melanosce lus  
which o c c u r r e d  i n  D i p e l - t r e a t e d  p l o t s  (32.3%, a s  
opposed t o  4.4% i n  t h e  check p l o t s ) ,  D i p e l  
caused  a  one-week l a g  i n  development o f  
s u r v i v i n g  gypsy moths a s  de te rmined  by  t h e  
appearence  o f  pupae and a d u l t  moths.  A s i m i l a r  
l a g  was documented by Andread i s  e t  a l .  ( 1983) .  
T h i s  l a g  was caused  by t h e  g u t - p a r a l y z i n g  e f f e c t  
o f  t h e  d e l t a - e n d o t o x i n  o f  B. t h u r i n g i e n s i s ,  
which c a u s e s  c a t e r p i l l a r s  t o  s t o p  f e e d i n g  a t  
l e a s t  t e m p o r a r i l y  (Heimpel and Angus 
1959) .  T i c e h u r s t ,  e t  a l .  (1982) s u g g e s t e d  t h a t  
t h i s  r e t a r d e d  development might  e n a b l e  C. 
melanosce lus  t o  a t t a c k  t h e  small h o s t s  i t  c a n  
s u c c e s s f u l l y  a t t a c k  f o r  a  l o n g e r  t i m e ,  t h u s  
improving i t s  e f f e c t i v e n e s s .  

L a b o r a t o r y  work was done t o  i n v e s t i g a t e  
t h i s .  Ahmad e t  a l .  (1978) showed t h a t  B. 
t h u r i n g i e n s i s - r e l a t e d  m o r t a l i t y  of l a r v a e  

p a r a s i t i z e d  w i t h  C. melanosce lus  was s i m i l a r  t o  
t h a t  o f  n o n - p a r a s i t i z e d  gypsy moths,  and t h e y  a l s o  
concluded t h a t  t h e r e  was no e v i d e n c e  f o r  a d i r e c t ,  
t o x i c  e f f e c t  o f  B. t h u r i n g i e n s i s  on t h e  p a r a s i t e .  
Weseloh and Andreadis  (1982) conf i rmed t h e s e  
r e s u l t s  and a l s o  showed t h a t  s u r v i v i n g ,  fl. 
t h u r i n g i e n s i s - t r e a t e d  second i n s t a r s  were  r e t a r d e d  
i n  development a b o u t  two days  as compared t o  
c o n t r o l s .  When p r e s e n t e d  w i t h  u n t r e a t e d  l a r v a e  o f  
t h e  same c h r o n o l o g i c a l  a g e  a s  l a r v a e  exposed t o  B. 
t h u r i n g i e n s i s  t h r e e  d a y s  be£ o r e ,  f emale  
a t t a c k e d  b o t h  h o s t s  e q u a l l y .  However, i f  B. 
t h u r i n g i e n s i s  exposure  had o c c u r r e d  t e n  days  
p r e v i o u s l y ,  u n t r e a t e d  h o s t s  were a t t a c k e d  
s u b s t a n t i a l l y  l e s s  f r e q u e n t l y  t h a n  t r e a t e d  ones .  
Ten days  a f t e r  t r e a t m e n t  97% of  t h e  t r e a t e d  l a r v a e  
were s t i l l  t h i r d  i n s t z r s  w h i l e  o n l y  60% o f  t h e  
h e a l t h y  o n e s  were ,  s o  t h e  former  were n o t i c a b l y  
s m a l l e r  t h a n  t h e  l a t t e r .  More i m p o r t a n t l y ,  a  
s i g n i f i c a n t l y  g r e a t e r  number o f  p a r a s i t e s  were  
r e a r e d  f rom t r e a t e d  l a r v a e  t h a n  from u n t r e a t e d  
ones .  Thus r e t a r d e d  development caused  by B. 
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t h u r i n g i e n s i s  i s  a  p l a u s a b l e  mechanism f o r  
enhanc ing  t h e  e f f e c t i v e n e s s  o f  C. melanosce lus .  

To t e s t  t h i s  h y p o t h e s i s ,  C. me lanosce lus  and 
gypsy moth l a r v a e  were sampled-in a  1981 a e r i a l  
s p r a y  t e s t  u s i n g  D i p e l  4-L (Weseloh e t  a l .  1983) .  
A s  i n  t h e  o t h e r  t e s t s  ment ioned,  C. melanosce lus  
p a r a s i t i s m  was o n l y  1 .2% i n  check p l o t s  and 6  t o  
1 2  t i m e s  h i g h e r  (6.9-14.8%) i n  t r e a t m e n t  p l o t s .  
Also,  numbers o f  p a r a s i t e  cocoons under b u r l a p  
f l a p s  ave raged  on ly  4 .0  p e r  f l a p  i n  c o n t r o l  a r e a s  
and from 13.2-20.3 p e r  f l a p  i n  t r e a t e d  p l o t s .  
C a t e r p i l l a r  numbers were  g r e a t e s t  and c a t e r p i l l a r s  
were l a r g e s t  i n  t h e  check p l o t s .  On J u n e  11, o n l y  
5 .2% o f  l a r v a e  were s t i l l  t h i r d  i n s t a r s  i n  t h e  
check a r e a s ,  whereas  22% t o  49% were t h i r d  i n s t a r s  
o r  s m a l l e r  i n  t r e a t m e n t  p l o t s .  Simple  and  
m u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  c l e a r l y  showed 
t h a t  p e r c e n t  p a r a s i t i s m  was more c l o s e l y  r e l a t e d  
t o  t h e  a v e r a g e  c a t e r p i l l a r  s i z e  p e r  p l o t  t h a n  t o  
c a t e r p i l l a r  numbers. T h i s  l a s t  p o i n t  is  i m p o r t a n t  
because ,  t o g e t h e r  w i t h  t h e  l a r g e r  numbers o f  
p a r a s i t e  cocoons i n  s p r a y  p l o t s ,  i t  shows t h a t  t h e  
i n c r e a s e d  p a r a s i t i z a t i o n  was n o t  due s o l e y  t o  
changes  i n  p a r a s i t e : h o s t  r a t i o s .  Along w i t h  
l a b o r a t o r y  e x p e r i m e n t s ,  t h e  t e s t  proved t h a t  t h e  
r a t e  o f  gypsy moth development  is  c r i t i c a l  t o  t h e  
f i e l d  e f f e c t i v e n e s s  o f  5. melanosce lus .  

The impor tance  o f  r e t a r d e d  h o s t  growth i n  
improving t h e  e f f i c i e n c y  o f  C. melanosce lus  l e d  me 
t o  e x p l o r e  o t h e r  c i r c u m s t a n c e s  where c a t e r p i l l a r  
development c o u l d  be  i n f l u e n c e d .  For i n s t a n c e ,  it 
i s  c o n c e i v a b l e  t h a t  low B. t h u r i n g i e n s i s  d o s e s ,  
lower  even t h a n  t h o s e  which c a u s e  m o r t a l i t y ,  might 
s t i l l  r e t a r d  c a t e r p i l l a r  development.  Also,  
f e e d i n g  d e t e r r e n t s ,  by t e m p o r a r i l y  s t o p p i n g  
f e e d i n g ,  might  a l s o  be e f f e c t i v e .  I n  t h e i r  f i e l d  
t e s t  T i c e h u r s t  e t  a l .  (1982) used D i p e l  4-L a t  
one-half t h e  u s u a l  r a t e ,  bu t  t h i s  s t i l l  caused  
s u b s t a n t i a l  m o r t a l i t y  and no lower  c o n c e n t r a t i o n s  
have t o  my knowledge been t e s t e d .  Accord ing ly ,  i n  
1981 and 



1983 I sp rayed  i n d i v i d u a l  a p p l e  t r e e s  w i t h  B. 
t h u r i n g i e n s i s  c o n c e n t r a t i o n s  r a n g i n g  from t h e  
u s u a l  dose  o f  0 .84  BIU t o  0 .035 BIU p e r  t r e e  
(Weseloh, m a n u s c r i p t  s u b m i t t e d ) .  O the r  t r e e s  
were s p r a y e d  w i t h  t h e  m i t a c i d e  P l i c t r a n  
( t r i c y c l o h e x y l h y d r o x y s t a n n a n e ) ,  a n  a n t i f e e d a n t  
f o r  gypsy moths (Meisner  and S k a t u l l a  1975).  
P l i c t r a n  i s  r e g i s t e r e d  f o r  u s e  on a p p l e s ,  and 
was a p p l i e d  a t  t h e  recommended r a t e  o f  0 .22  g / l  
a c t i v e  i n g r e d i e n t .  

L a r v a l  numbers were  reduced below c o n t r o l s  
f o r  a l l  B. t h u r i n g i e n s i s  r a t e s  o f  0 .21 BIU p e r  
t r e e  o r  more, b u t  o n l y  f o r  t h e  h i g h e s t  dose  was 
d e f o l i a t i o n  reduced.  P l i c t r a n  d i d  n o t  d e c r e a s e  
l a r v a l  numbers, b u t  i t  and  a l l  t h e  B. 
t h u r i n g i e n s i s  c o n c e n t r a t i o n s  s i g n i f i c a n t l y  
r e t a r d e d  c a t e r p i l l a r  development.  A t t empts  t o  
moni to r  p a r a s i t i s m  i n  t h e s e  a r e a s  were n o t  
s u c c e s s f u l  i n  1981 because  of e x t e n s i v e  
i n t e r - t r e e  movement of c a t e r p i l l a r s  and i n  1983  
because  p a r a s i t i s m  l e v e l s ,  i n  g e n e r a l ,  were  ve ry  
low. But t h e  l i n k  between deve lopmenta l  r a t e s  
o f  gypsy moths i n  t h e  f i e l d  and p a r a s i t i s m  by C. 
melanosce lus  h a s  a l r e a d y  been proved,  s o  i t  i s  
l i k e l y  t h a t  i f  p a r a s i t e  a c t i v i t y  c o u l d  have been 
moni to red  i t  would have been i n c r e a s e d  by t h e  
t r e a t m e n t s .  

I n t e r a c t i o n s  between B. t h u r i n g i e n s i s  and  
p a r a s i t e s  is  n o t  r e s t r i c t e d  t o  C. melanosce lus .  
Wal lne r  e t  a l .  (1983) found i n  a l a b o r a t o r y  
s t u d y  t h a t  r e t a r d e d  development o f  gypsy moths 
caused  by B. t h u r i n g i e n s i s  enhanced p a r a s i t i s m  
by a n  e x o t i c  b r a c o n i d  Ro as l y m a n t r i a e ,  - a l t h o u g h  a  h i g h e r  p r o p o r t i o n  o f  ma les  emerged 
f rom i n f  e c t e d - l a r v a e  t h a n  from h e a l t h y  one:. 
Also,  Hamel (1977) showed t h a t  p e r c e n t  
p a r a s i t i s m  by two p a r a s i t e s  o f  t h e  w e s t e r n  
s p r u c e  budworm, ~ h o r i s  t o n e u r a  o c c i d e n t a l i s ,  
i n c r e a s e d  i n  a r e a s  s ~ r a v e d  w i t h  B. * ., 
t h u r i n g i e n s i s .  The two A p a n t e l e s  
f u m i f e r a n a e  and Glyp ta  f u m i f e r a n a e ,  a t t a c k e d  
p re -d iapaus ing  budworms b e f o r e  s p r a y s  were 
a p p l i e d .  P a r a s i t i z e d  l a r v a e  d i d  n o t  e a t  a s  much 
a s  h e a l t h y  o n e s ,  and s o  p robab ly  avo ided  
i n g e s t i n g  l e t h a l  amounts- o f  B. t h u r i n g i e n s i s .  
T h i s  i s  a d i f f e r e n t  mechanism t h a n  o ~ e r a t e s  w i t h  
t h e  gypsy moth p a r a s i t e s ,  where i t  is  p a r a s i t i s m  
o c c u r r i n g  a f t e r  s p r a y  a p p l i c a t i o n  t h a t  i s  
enhanced. 

N a t u r a l  enemies  may f r e q u e n t l y  b e  enhanced 
by a p p l i c a t i o n s  of m i c r o b i a l  a g e n t s ,  a l t h o u g h  
few s t u d i e s  have  been r e p o r t e d .  C l e a r l y ,  t h i s  
i s  a n  a r e a  o f  r e s e a r c h  t h a t  needs  more 
emphasis .  Chemical p e s t i c i d e s  might  have 
s i m i l a r  e f f e c t s ,  b u t  chemica l  p e s t i c i d e s  u s u a l l y  
l a c k  t h e  s p e c i f i c i t y  o f  m i c r o b i a l  a g e n t s  and 
k i l l  n a t u r a l  enemies  a l o n g  w i t h  t h e  t a r g e t  
p e s t .  Looking f o r  s i d e  e f f e c t s  o f  pa thogens  on 
h o s t s  c o u l d  be  i m p o r t a n t  because  s u c h  s i d e  
e f f e c t s  c a n  p ro found ly  i n f l u e n c e  t h e  
e f f e c t i v e n e s s  o f  n a t u r a l  enemies .  
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