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ABSTRACT 

A s t u d y  o f  w e i g h t  v a r i a t i o n  i n  A p h i d i u s  s m i t h i  

fHymenoptera:Aphidiidae), a p a r a s i t e  o f  t h a  p e a  a p h i d ,  

A c y r t  h o s i p h o n  pisua ( H o n o p t e r a : A p h i d i d a e ) .  

T h e  p e a  aph id -&.  s m i t h i  s y s t e m  was u s e d  a s  a  s o d e l  

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

p a r a s i t e .  H e i q h t  v a r i a t i o n  o f  i n d i v i d u a l s  o v e r  t i m e  

was e x a i n i n e d  by  d e t e r m i n i n g  c h a n g e s  i n  i n d i v i d u a l  wet 

w e i g h t  after mumtily f o r k n a t i o n  a n d  e c l o s i o n .  T h e  r a t e  cf 

wet w e i g h t  loss is h i g h e s t  a f t e r  muemy f o r m a t i o n ,  a t  

e c l o s i o n  a n d  a t  d e a t h ;  a minimum o f  6.5% o f  t h e  

e c l o s i o n  v e t  w e i g h t  is l c s t  i n  t h e  f i r s t  h o u r  a f t e r  

e c l o s i o n .  F c r  c o m p a r i n g  w e i g h t  b e t w e e n  i n d i v i d u a l s ,  

w e i q h t  v a r i a t i o n  w i t h i n - i n d i v i d u a l s  c a n  be  minimized b y  

u s i n g  p u p a  weiqht 9 - d a y s - a f t e r  o v i p o s i t i o n ,  

vacated-mummy w e i g h t  o r  a d u l t  d r y  u e i q h t  a s  u n b i a s e d  

es t imators  of the r e l a t i v e  w e i g h t s  of i n d i v i d u a l s .  

T h e  effect of h o s t  w e i q h t  a t  o v i p o s i t i o n  o n  

p a r a s i t e  weight was e x a m i n e d  for  h o s t s  r a n g i n g  i n  a g e  

frora 0.5 d a y s  t o  6.0 d a y s  ( i n  0.5-day i n c r e m e n t s ) .  

iii 



P a r a s i t e  w e i q h t  i n c r e a s e d  a s  the w e i g h t  ( a g e )  o f  t h e  

h o s t  a t  o v i p o s i t i o n  i n c r e a s e d  f r o m  2 6 ~ q  (0.5 d a y s )  t o  

146yq  (4.0 d a y s )  ; f u r t h e r  i n c r e a s e s  i n  h o s t  w e i g h t  

(aqs) a t  o v i p o s i t i o n  d i d  n o t  r e s u l t  i n  f u r t h e r  

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

s i g n i f i c a n c e  o f  t h e  r e l a t i o n s h i p  b e t w e e n  h o s t  w e i q h t  a t  

o v i p o s i t i o n  a n d  p a r a s i t e  w s i g h t  are d i s c u s s e d ,  T h e  

w e i g h t  of male p a r a s i t e s  was f o u n d  t o  be s i q n l f i c a n t l y  

l e s s  t h a n  t h a t  o f  f e m a l e  p a r a s i t e s .  

G e o g r a p h i c  v a r i a t i o n  i n  w e i g h t  a x i s t e d  b e t w e e n  

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

a n d  K a s l o o p s ,  B r i t i s h  C o l u m b i a .  When reared u n d e r  

c o n s t a n t  l a b o r a t o r y  c o n d i t i o n s ,  t h e  weight o f  the Pi 

p a r a s i t e  g e n e r a t i o n s  were s t a t i s t i c a l l y  

i n d i s t i n g u i s h a b l e ,  a f a c t  s u g g e s t i n g  t h a t  t h e  

v a r i a t i o n  b e t w e e n  t h e  two p o p u l a t i o n s  was c a u s e d  b y  

e x t r i n s i c  e n v i r o n m e n t a l  d i f f e r e n c e s  b e t w e e n  t h e  t u c  

l o c a t i o n s  a n d  n o t  b y  i n t r i n s i c  d i f f e r e n c e s .  

A r t i f i c i a l  s e l e c t i o n  was used i n  a n  a t t e m p t  t o  

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

d e c r e a s e d  mummy w e i g h t s .  A f t e r  9 g e n s r a t i o n s  of 

s e l s c t i o n ,  t h e  two p o p u l a t i o n s  h a d  d i v a r q e d  by 5 .21  



( m a l e s )  and  3 . 6 %  ( f s a a l e s )  of t h e  m u m m y  w e i q h t  of  the 

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

i n d i c a t e d  s i g n i f i c a n t  diverqence, d i f f s r e n c e s  be twe tn  

t h e  two p o p u l a t i o n s  were s i g n i f i c a n t  o n l y  i n  3 of t h e  3 

m a l e  q e n e r a t i o n s  a n d  1 o f  t h e  9 f e m a l e  g e n e r a t i o n s ,  

P o s s i b l e  r e a s o n s  f o r  t h e  low d i v e r g e n c e  i n  w e i g h t  

b e t w e e n  the two populaticns a r e  d i s c u s s e d .  
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o v i p o s i t i o n  (yq) a n d  male a n d  f e m a l e  A p h i d i u s  
s m i t h i  v a c a t e d  mumlay w e i g h t  (ug )  . 55 

5. R e l a t i o n s h i p  between h o s t  d r y  w e i g h t  a t  
o v i p o s i t i o n  (44)  a n d  male a n d  f e t r a l e  A p h i d i u s  
s m i t h i  a d u l t  d r y  w e i g h t  (yg) a f t e r  
d e s i c c a t i o n .  

6 .  The  r e l a t i o n s h i p  b e t w e e n  age a n d  d r y  w e i g h t  
i n  t h e  p e a  a p h i d ,  B c y r t h o s i p h o n  p i s u m ,  
r e a r e d  under t h e  e n v i r o n m e n t a l  c o n d i t i o n s  
of the s t u d y .  

7, Mala A p h i d i u s  s a i t h i  a d u l t  v a i g h t s  s a m p l e d  
f rom f i e l d  p o p u l a t i o n s  xn A s h c r o f t  a n d  
Kamloops  and o b t a i n e d  from known a q e  h o s t s  
i n  t h e  l a b o r a t o r y .  

8. Female A p h i d i u s  s i a i t h i  a d u l t  w e i g h t s  s a m p l e d  
from f i e l d  p o p u l a t i o n s  i n  A s h c r o f t  a n d  
K a s l o o p s  a n d  o b t a i n s d  f r o m  known age  h o s t s  
i n  t h e  l a b o r a t o r y .  



3 .  T h e  response to  a r t i f i c i a l  s e l l c t i o n  for 
increased and d a c r e a s e d  m u m m y  w e i g h t  i n  
A p h i d i u s  s t l i t h i .  A )  Males B )  Females 
( selected for increased weight; 
0 selected for d e c r e a s e d  weight). 

x i v  



CHAPTER - 1 

G E N E R A L  I N T R O D U C T I O N  

nost t r a i t s ,  i f  n o t  a l l ,  e x h i b i t  v a r i a t i o n .  It i s  

t h i s  v a r i a t i o n  t h a t  m a k e 2  the s t u d y  o f  b i o l o g y  

i n t r i g u i n g ,  c o m p l e x  a n d  u n p r e d i c t a b l e .  T o  s t u d y  a n d  

u n d e r s t a n d  a  t r a i t  is  t o  s t u d y  a n d  u n d e r s t a n d  i ts  

v a r i a t i o n .  V a r i a t i o n  b e t w e e n  p o p u l a t i o n s  i s  e s s e n t i a l  

f o r  t h e  f c r m a t i o n  of s p e c i e s .  V a r i a t i o n  b e t w e e n  

s u b p o p u l a t i o n s  o r  s a m p l e s  p e r m i t s  a n  e v a l u a t i o n  of t h e  

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

environments, V a r i a t i o n  b e t w e e n  i n d i v i d u a l s  i s  

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

i n d i v i d u a l s  o v e r  time a n d  s p a c e  i s  a n  e s s e n t i a l  p a r t  of 

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

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

d e v e l o p m e n t  a n d  s i z e ,  e x h i b i t  c o n t i n u o u s  v a r i a t i o n  

[Dobzhansky  e t  a l .  1977)  . S u c h  * e c o l o g i c a l *  t r a i t s  h a v e  



a hiqh l e v 2 1  of v a r i a t i o n  w i t h i n  i n d i v i d u a l s  o v e r  t i m ~ ,  

and  a r e  q r e a t l y  a f f e c t e d  b y  t h e  e n v i r o n m e n t .  I n  many 

c a s e s ,  t h e  v a r F a t i o n  w i t h i n  i n d i v i d u a l s  o v e r  time i s  s o  

great, a n d  o f  s u c h  f u n d a m a n t a l  s i g n i f i c a n c e ,  t h a t  

e c o l o q i s t s  w i l l  l i m i t  t h e i r  s t u d y  t o  t h i s  v a r i a t i o n  

(e.q. l i f e  t a b l e s )  . T y p o l o g i c a l  m o d e l s  are f r e q u e n t l y  

c o n s t r u c t e d  f r o m  s u c h  d a t a  (Chesson 1978 ) .  

The v a r i a t i o n  i n  ' e c o l o q i c a l ~  t r a i t s  w i t h i n  a n d  

b e t  ween p o p u l a t i o n s  is wall d o c u m e n t e d  ( G o u l d  a n d  

J o h n s t o n  1972)  . A l t h o u g h  t h e  e c o l o g i c a l  a n d  

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

a p p r e c i a t e d ,  t h e r e  a r e  few q u a n t i t a t i v e  e v a l u a t i c n s  of 

i ts c a u s e s .  

I n  o r d x  t o  u n d a r s t a n d  ' e c o l o q i c a l *  t r a i t s ,  i t  is 

e s s e n t i a l  t o  i n c r e a s e  o u r  b a s i c  know1 edge  o f  the 

v a r i a t i o n  i n  t h e s e  t r a i t s .  I n  t h i s  t h e s i s ,  w e i q h t  

v a r i a t i o n  w a s  s t u d i e d  i n  A p h i d i u s  s m i t h i  Sha rma  E Subba  

Rao {Hymenoptera:Aphfdiidae) , a p r o t e l e a n  p a r a s i t e  of t h e  

p e a  a p h i d ,  A c y r t  h o s i p h o n  p i s u m  {Harris) 

(Hornoptera:  A p h i d i - d a e )  . T h e  o b j e c t i v e s  of t h e  s t u d y  

were: 

- To d e t e s m i n e  the i n d i v i d u a l  w e i q h t  v a r i a t i o n  

o v e r  time i n  A. s m i t h i ,   fro^ p u p a t i o n  t o  d e a t h  

( a n d  t o  u s e  t h i s  i n f o r m a t i o n  for t h e  

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



f o r  i n d i v i d u a l  a d u l t  w s i g h t )  ; 

- To e x a m i n s  t h e  e f f e c t  of h o s t  w e i q h t  a t  

o v i p o s i t i o n  o n  A. s m i t h i  a d u l t  w e i g h t ;  

- To e x a m i n e  4. s m i t h i  w e i q h t  v a r i a t i o n  w i t h i n  a n d  

b s t w e e n  f i e l d  p o p u l a t i o n s ;  a n d  

- To d e t e r m i n e  t h e  r e s p o n s e  t o  a r t i f i c i a l  

s a l e c t i o n  f o r  w e i q h t  i n  4. s m i t h i  ( a n d  i f  t h e  

r e s p o n s e  is l a r g e ,  t o  u s e  t h e  p o p u l a t i o n s  s o  

p r o d u c e d  t o  s t u d y  b o t h  correlated r e s p o n s e s  t o  

s e l e c t i o n  a n d  g e n o t y p e - e n v i r o n m a n t  i n t e r a c t i o n ) .  

I n  t h e  a b o v e  s e q u e n c e  of o b j e c t i v e s ,  e a c h  o b j e c t i v e  

p r o v i d e d  i n f o r m a t i o n  t h a t  a l l o w e d  f o r  a more t h o r o u q h  

e x a m i n a t i o n  o f  the s u b s e q u e n t  o b  j a c t i v e .  

Weight was c h o s e n  a s  t h e  t r a i t  t o  b e  s t u d i e d  f o r  

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

easily a n d  a c c u r a t e l y  be measured ( w i t h  a gram 

e l e c t r o b a l a n c e )  . Y eig ht or  s i z e  is  a n  e c o l o q i c a l l  y 

s i g n i f i c a n t  t r a i t .  It is a f a c t o r  i n  p r e d a t o r - p r e y  a n d  

h o s t - p a r a s i t e  i n t e r a c t  i o n s  ( 8 e s p e n h e i . d e  1373 ;  H o l l i n g  

1364 ;  P r i c e  1972; S c h o e n e r  1371; U i l s o n  1 3 7 5 ) .  I t  i s  

c o r r e l a t e d  w i t h  many e c o l o g i c a l  p a r a a e t e r s ,  s u c h  a s  

c o u r t s h i p  b e h a v i o r  (Ewinq 1 9 6 0 )  a n d  f e c u n d i t y  a n d  

l o n q e v i t y  ( ~ u r d i e  1969 ; T a k a h a s h i  1956; T a n t a r y  a n d  

Vetukhiv 1 9 6 0 ;  U o o d r o f f e  1 9 5 1 ) .  C l i n e s  i n  w e i g h t  o r  

s i z e  h a v e  been r e c o r d e d  i n  c r i c k e t  f r o q s  (Nevo 1973) .  



~ r o s o p h i l a  r o b u s t a  ( S t a l k e r  a n d  C a r s o n  1347) a n d  

~ r o s o p h i l a  s u b o b s c u r a  (Hisra a n d  R e e v ~  1964)  . T h e s e  

clines s u g q e s t  an a d a p t i a n  t o  e n v i r o n m e n t a l  p a r a m e t e r s .  

~ e o q r a p h i c  v a r i a t i o n  i n  body d i m s n s i o n s  h a s  baen 

r e c o r d e d  i n  many o r g a n i s m s  ( ~ o u l d  a n d  J o h n s t o n  1 9 7 2 ) .  

T r a i t s  such a s  w e i q h t  a l s o  h a v e  a p o t e n t i a l  f o r  b e i n q  

u s e d  a s  i n d i c a t o r s  o f  p o p u l a t i o n  q u a l i t y  i n  mass  

r e a r i n q  p r o q r a m s  (Boller 1972)  a n d  i n  n a t u r a l  

p o p u l a t i o n s .  

A, - s m i t h i  was c h o s e n  a s  the o r g a n i s i n  u s e d  i n  t h i s  

s t u d y  for  s e v e r a l  r e a s o n s .  The s p e c i a s  i s  p a r t  o f  a  

h o s t - p a r a s i t e  system t h a t  c a n  e a s i l y  be m a i n t a i n e d  i n  

t h e  l a b o r a t o r y .  A l a r g e  amount  of r e s e a r c h  h a s  b e e n  

p u b l i s h e d  o n  t h i s  o r g a n i s m .  Aphld p a r a s i t a s  a r e  

e c o n o m i c a l l y  i a p o r t a n t ,  h a v i n g  b e e n  u s e d  e x t e n s i v e l y  i n  

the b i o l o g i c a l  c o n t r o l  o f  a p h i d s .  



CHAPTER 2 

G E N E B  AL EI ATERIALS A x  WETHODS 

2.1 T H E  O B G B N I S H  USED THE STUDY 

A p h i d i u s  s a i t h i  S h a r m a  & S u b b a  Rao is a s p e c i f i c  

p r o t e l e a n  p a r a s i t e  of the p e a  a p h i d ,  A c y r t h o s i p h o n  p i s u m  

(Harr is)  . D u r i n g  o v i p o s i t i o n  t h e  f e n a l e  4. s m i t h i  

d e p o s i t s  a s i n g l e  e g g  into t h e  h a e m o c o t l  o f  t h a  h o s t  

a p h i d .  i t  2 o D c ,  t h e  e m b r y o n i c  s t a g e  is c o m p l e t 3 d  by 

d a y  3, a f t e r  wh ich  t h e  p a r a s i t e  l a r v a  c a n t i n u e s  t o  

d e v e l o p  w i t h i n  t h e  h o s t  h a e m o c o e l .  T h e  h o s t  s t o p s  

growinq o n  d a y  5, a n d  the p a r a s i t e  b e g i n s  a c t i v e  

f e e d i n g  o n  t h e  h o s t  t i ssue  o n  day 6 ( C l o u t i e r  1978) .  By 

day  8 t h e  p a r a s i t e  h a s  c o n s u m e d  a l l  t h e  i n t e r n a l  host 

t i s s u e  a n d  h a s  s p u n  a c o c o o n  i n s i d e  ths c u t i c l ~  of the 

e v i s c e r a t e d  a p h i d ,  T h e  e v i s c e r a t s d  a p h i d  i s  r e f e r r e d  t o  

a s  a mummy. The c o c o o n  i s  a t t a c h e d  b y  t h e  g rown  l a r v a  

t o  the p l a n t  s u r f a c e  a l o n q  a smal l  slit on t h e  v s n t r a l  

s u r f a c e  o f  t h e  mummy. Each a~ummy c ~ n t a i n s  o n l y  o n e  



d e v e l o p i n g  p a r a s i t e .  P u p a + i o n  o c c u r s  w i t h i n  t h e  mummy, 

and a t  a p p r o x i m a t e l y  d a y  14 th* a d u l t  p a r a s i t e  emerges 

from t h e  mummy. 

As w i t h  o t h e r  Hymenopteran i n s e c t s ,  A. s m i t h i  has 

a h a p l o d i p l o i d  g e n e t i c  s y s t e m .  Hales are h a p l o i d  and  

develop from u n f e r t i l i z e d  e g g s ,  a n d  f e m a l e s  ara d i p l o i d  

and d e v e l o p  from f e r t i l i z s d  eggs. V i r g i n  f e m a l e s  

p r o d u c e  o n l y  male  o f f s p r i n g ,  w h i l e  mated f e m a l a s  a r e  

c a p a b l e  o f  p r o d u c i n g  b o t h  male a n d  female o f f s p r i n q .  



S e ~ d s  o f  t h e  b r o a d  b e a n ,  Vicia f a b a  L, v a r .  

E x h i b i t i o n  Long-Pod ,  wers o b t a i n e d  f r o m  B u c k e r  f i e l d ' s  

~ t d .  and s t o r e d  a t  5 ' ~  t o  m a i n t a i n  t h e i r  h i g h  

q e r m i n a t i o n .  T h e  p l a n t s  ~ r o d u c e d  f r o m  nsw s e e d  

s h i p m e n t s  were c h e c k e d  b e f o r e  t h s y  were u s e d  i n  a n y  

e x p e r i m e n t  t o  e n s u r e  t h a t  t h e  h o s t  p l a n t s  uera 

c o n s i s t e n t l y  h i q h  i a  q u a l i t y .  T h e  s e e d s  ware p l a n t &  i n  

p o t t i n q  s o i l  a n d  t h e  p l a n t s  were qrown  i n  a g r e . r n h o u s s  

u n t i l  t h e y  were 10-15cm i n  h e i g h t ,  at w h i c h  time t b a y  

were u s e d  f o r  t h e  s t o c k  c o l o n i e s  a n d  experiments. 

A s t o c k  c o l o n y  of v i r g i n o p a r o u s  p e a  a p h i d ,  

A c y r t h o s i p h o n  p i s u m  ( H a r r i s )  was m a i n t a i n e d  o n  p o t  t z d  

b r o a d  b e a n s  i n  a g r o w t h  c h a m b e r  a t  18" C to  2 3 ' ~  u n d e r  a 

d i e l  c y c l e  o f  16L/8D o f  a r t i f i c i a l  l i g h t .  Low 

p o p u l a t i o n  d e n s i t y  and f r e q u e n t  p l a n t  c h a n g e s  resulted 

i n  m i n i m a l  a l a t e  p r o d u c t i o n .  The  o r i g i n a l  pea a p h i d  

s o u r c e  c o l o n y  was c o l l e c t e d  i n  1372 o n  a l f a l f a ,  

f l e d i c a q o  s a t i v a  L, n e a r  Kamloops,  B r i t i s h  C o l u m b i a .  

A p o r t i o n  of t h e  p e a  a p h i d  s t o c k  c o l o n y  was u s e d  

a s  h o s t s  f o r  t h e  1. s m i t h i  s t o c k  c o l o n y ,  wh ich  was k e p t  

i n  t h e  l a b o r a t o r y  a t  room t e m p e r a t u r e  u n d e r  a d i e l  

c y c l e  o f  16Lj8D of a r t i f i c i a l  l i q h t .  Low a p h i d  

d e n s i t i e s  a n d  p r e - a u n a y  p l a n t  c h a n g e s  p r o d u c e d  1 h i g h  

level o f  p a r a s i t i s m  a n d  l a r g e  h e a l t h y  p a r a s i t e s .  Ths 



and was s u p p l e m e n t e d  w i t h  more f i e l d  c o l l e c t e d  

p a r a s i t e s  i n  t h e  summer of 1976 .  B o t h  A .  s m i t h i  

c o l l e c t i o n s  were made near Kamloops, B r i t i s h  Colum b i a ,  

i n  t h e  same fields from w h i c h  the pea a p h i d  s t o c k  

c o l o n y  was collected. 



b 
I_ Young a d u l t  a p h i d s  were t a k e n  f r o m  t h e  s t o c k  

c o l o n y  and p l a c e d  o n  c u t  p l a n t s  i n  s m a l l  p l a s t i c  c a g e s  

s im i l a r  t o  t h o s a  d e s c r i b e d  i n  f i a c k a u e r  and  B i s d e e  

(1965) . T h e  a d u l t s  were a l l o w e d  t o  p r o d u c e  o f  f s p r i n q  

fo r  5 h o u r s ,  a f t e r  w h i c h  t h e y  were removed  f r o m  t h e  

p l a n t s .  T h e  cages c o n t a i n i n g  the nymphs  ( a p p r o x i a a t e l y  

20 p e r  c a g e )  v e r e  t h e n  t r a n s f e r r e d  t o  a g r o v t h  c h a m b e r  

a t  2 0 2 1 • ‹ C  a n d  c o n s t a n t  l i g h t ,  w h e r e  t h e y  r e m a i n e d  u n t i l  

t h e y  r e a c h e d  t h e  d e s i r e d  age f o r  a n  e x p e r i m e n t ,  A l l  

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

c o m p e n s a t e  f o r  m i n o r  d i f f e r e n c e s  i n  t e m p e r a t u r e  b e t w ~ e n  

l o c a t i o n s  w i t h i n  t h e  g r o w t h  c h a m b e r .  

2.3.2 P a r a s i t e s  for o v i p o s i t i o n  

Mummies v e r e  r e a o v e d  from t h e  p l a n t s  i n  t h e  

p a r a s i t e  s t o c k  c o l o n y  4 8  h o u r s  b e f o r e  t h e  b e g i n n i n g  of 

o v i p o s i t i o n  a n d  i n d i w i d u a l l y  p l a c e d  i n t o  s i z e  00 

q e l a t i n  c a p s u l e s .  T h o s e  paras i tes  t h a t  had e a e r q e d  b y  

12 h o u r s  before the b e g i n n i n g  of o v i p o s i t i o n  were se t  

a s i d e  a s  p o t e n t i a l  p a r a s i t e s  f o r  m a t i n g .  The p a r a s i t s s  

were p a i r e d  u p  a n d  p e r m i t t e d  t o  mate i n s i d e  t h e  g e l a t i n  

c a p s u l e s ,  T h e  time of ma t ing  v a r i e d  b e t  wean 

e x p e r i m e n t s .  Each  male was a l l o w e d  t o  mate o n l y  o n c e .  

O n l y  t h o s e  females t h a t  were o b s e r v e d  i n  c o p u l a  were 



f o r  0 ~ i p o S i t i o n .  

2 .3 .3  o v i p o s i t i o n  

E a c h  o v i p o s i t i o n a l  s e s s i o n  was a p p r o x i m a t e l y  o n a  

h o u r  i n  d u r a t i o n .  T e n  m i n u t e s  b e f o r e  the b e g i n n i n g  o f  

the o v i p o s i t i o n a l  s e s s i o n  t h e  h o s t  a p h i d s  were removad 

from t h e  p l a n t s  i n  t h e  c a q e s  ( 4 - 3  c a g e s  p a r  s e s s i o n ,  

d e p e n d i n q  u p o n  t h e  e x p e r i m e n t ) ,  a n d  p l a c e d  i n t o  smal l  

p e t r i  d i s h e s  ( o n e  p e t r i  d i s h  p e r  c a g e ) .  A s  a c o n t r o l ,  2 

t o  5 h o s t  a p h i d s  p e r  pe t r i  d i s h  u e r e  r a n d o m l y  selected 

a n d  p l a c e d  i n t o  a n  o v e n  f o r  d r y i n q .  E a c h  o v i p o s i t i o n a l  

s e s s i o n  was s u b d i v i d e d  i n t o  3 a p p r o x i m a t e l y  2 0 - m i n u t e  

s u b s e s s i o n s  o r  2 a p p r o x i m a t e l y  3 0 - m i n u t e  s u b s e s s i o n s  

( d e p e n d i n q  u p o n  t h e  e x p e r i m e n t ) .  D u r i n g  e a c h  

s u b s e s s i o n ,  e a c h  o f  7 t o  1 0  p a r a s i t e s  were u s e d  t o  

o v i p o s i t  i n t o  2 t o  5 h o s t  a p h i d s  ( e a c h  f r o m  a d i f f e r e n t  

p e t r i  d i s h ) .  T h e  same p a r a s i t e s  w3re u s e d  i n  e a c h  

s u b s e s s i o n  o f  a s e s s i o n .  T h e  o v i p o s i t i o n  was c 3 r e f u l l y  

o b s e r v e d  inside a q e l a t i n  c a p s u l e  t o  e n s u r e  t h a t  e a c h  

h o s t  a p h i d  was a t t a c k e d  o n l y  o n c e .  A t  t h e  e n d  of t h e  

o v i p o s i t i o n a l  s e s s i o n  t h e  p o t e n t i a l l y  p a r a s i t i z e d  

a p h i d s  were p l a c e d  ( r a n d o m l y  o r  b y  p a r e n t ,  d e p e n d i n g  

upon  t h e  e x p e r i a e n t )  o n  p l a n t s  i n  6 t o  10 smal l  p l a s t i c  

c a q e s  (15-20  a p h i d s  p e r  c a g e ) .  T h e  c a g e s  c o n t a i n i n q  t h e  

p a r a s i t i z e d  a p h i d s  u e r e  t h e n  t r a n s f e r r e d  t o  a g r o w t h  

c h a m b e r  a t  2 0 ' 1 ' ~  a n d  c o n s t a n t  l i g h t .  A l l  c a g e s  i n  t h e  



g r o w t h  c h a m b e r  w e r a  r o t a t e d  e v e r y  d a y .  T h s  h o s t  p l a n t s  

yere c h a n g e d  e v e r y  2 t o  3 d a y s .  

Tha  a g e  o f  the h o s t  a p h i d s  a t  o v i p o s i t i o n  was 

t a k e n  f r o m  t h e  m i d p o i n t  of t h e  o v i p o s i t i o n a l  s t s s i o n .  

~ h u s ,  4 8 - h o u r  o l d  h o s t  a p h i d s  were 4 8 2 2 . 5 - h o u r s  o l d  a t  

the m i d p o i n t  of  t h e  o v i p o s i t i o n a l  s e s s i o n ,  S i n c 3  t h e  

o v i p o s i t i o n a l  s e s s i o n  was 1 h o u r  i n  d u r a t i o n ,  t h e s e  

a p h i d s  would h a v e  b e e n  4 8 2 3  h o u r s  o l d  a t  t h e  t i a e  of 

o v i p o s i t i o n .  

2.3.4 #urnmy r e m o v a l ,  e c l o s i o n ,  d r y i n g  a d  w e i q h i  n q  

A t  7.5 t o  10 d a y s  a f t e r  o v i p o s i t i o n  ( d e p e n d i n q  

upon t h e  e x p e r i m e n t )  t h e  mumaies  c o n t a i n i n g  t h e  

d e v s l c p i n g  p a r a s i t e s  were removed  f r o m  t h a  p l a n t  

s u r f a c e ,  p l a c e d  i n t o  nua tbe red  size 00 g e l a t i n  c a p s u l e s  

a n d  r e t u r n e d  t o  the g r o w t h  c h a m b e r .  E c l o s i o n  o c c u r r e d  

w i t h i n  t h e  q s l a t i n  c a p s u l e s .  T h e  e m e r g i n g  p a r a s i t e s  

were e x p o s d  t o  c o n s t a n t  l i g h t  i n  t h e  q r o w t h  c h a m b e r ,  

s i n c e  A. s m i t h i  d o e s  n o t  n o r m a l l y  eraerge i n  the d a r k  

p h a s e  o f  t h e  d i 2 l  c y c l e  ( H a c k a u e r  a n d  Eisnkelman l 9 7 5 ) ,  

a n d  t h e  effsct  of d e l a y e d  e c l o s i o n  upon  w e i g h t  is  n o t  

known. T h e  em-lrged p a r a s i t e s  were k e p t  i n s i d e  t h e  

g e l a t i n  c a p s u l e s  u n t i l  after d e a t h .  

The  p a r a s i t e s  a n d  t h e  c o n t r o l  a p h i d s  were o v e n  

d r i e d  a t  1 0 0 • ‹ C  u n t i l  d e s i c c s t i o n  t e r a i n a t e d .  T h e  empty 

mummies ware n o t  o v e n  d r i e d  s i n c e  o v e n  d r y i n g  d i d  n o t  



=educe the ir  u e i q h t .  

The w e i g h t s  o f  the i n d i v i d u a l  c o n t r o l  a p h i d s ,  

prasitas a n d  mummies were determined on a Cahn model 

G-2  ~ l s c t r o b a l a n c e  sst a t  1 m g  f u l l  range.  Tare weiqhts 

were used f o r  w e i g h i n q s  o v e r  Img. L i v e  p a r a s i t z s  were 

anaesthes iz2d w i t h  C 0 2  before bei n g  u ? i q h a d .  



CHAPTER 2 

I N D I V I D U A L  PARASITE W E I G H T  : VARIATION O V E R  TIME 

A N D  SAHPLING TECHNIQUES - 

3 .1  I N T R O D U C T I O N  

A t  any given time i n  a  n a t u r a l  p o p u l a t i o n ,  much o f  

the o b s e r v e d  v a r i a t i c n  i n  most * e c o l o g i c a l 1  t r a i t s  i s  

c a u s e d  b y  v a r i a t i o n  w i t h i n  i n d i v i d u a l s  o v e r  t ime.  The 

size, f e c u n d i t y ,  b e h a v i o r  and e n e r g y  r e q u i r e m e n t s  of an 

i n d i v i d u a l  are  a l l ,  i n  p a r t ,  d e p e n d e n t  u p o n  t h e  a g a  of 

t h e  i n d i v i d u a l .  Huch o f  ecology h a s  been c o n c e r n e d  u i t h  

t h e  s t u d y  of  this variation w i t h i  n - i n d i v i d u a l s ,  

A, s n i t h i  d e v e l o p s  from a m i n u t e  e g g  into a n  a d u l t  

p a r a s i t e  i n  178.6 d s g r s e  d a y s  ( C a m p b e l l  a n d  B a c k a u e r  

1975a). A d e v e l o p i n g  A. s m i t h i  c o n t i n u a l l y  i n c r e a s e s  i n  

w e i g h t  f r o m  t h e  e g g  s t aqe  u n t i l  t h e  l a r v a  h a s  consumed  

i ts  e n t i r e  h o s t  and t h e  muany is f o r m e d .  T h e  d r y  

w e i g h t  o f  t h e  p a r a s i t e  d e c r e a s e s  20-302 between m u a m y  

f o r ~ a  t i o n  a n d  e c l o s i o n  ( C l o u t i e r  1 3 7 8 )  . After e c l o s i o n ,  



t h e  w e i g h t  o f  an a d u l t  i n s e c t  w i l l  b e  i n f l u e n c e d  b y  3 

~ n l t i t u d e  of f a c t o r s  s u c h  a s  t e m p e r a t u r e ,  tela t i v e  

h u m i d i t y ,  p h y s i c a l  a c t i v i t y  a n d  f e e d i n g  ( W i g q l e s w o r t h  

1 9 7 2 ) .  L i t t l e  i s  known a b o u t  p o s t - e c l o s i o n  w e i g h t  

changes i n  4. smithi. 

U e i q h t  v a r i a t i o n  within a n  i n d i v i d u a l  c a n  be a 

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

b e t w e e n  i n d i v i d u a l s .  For such s t u d i e s ,  i t  i s  e s s s n t i a l  

t o  choose a s a m p l i n g  t e c h n i q u e  for i n d i v i d u a l  w t i g h t  

t h a t  w i l l  m i n i m i z e  the w i t h i n -  i n d i v i d u a l  c o m p o n e n t  o f  

u e i q h t  v a r i a t i o n .  T h e r e  are s e v e r a l  p o s s i b l e  a p p r o a c h e s  

t o  t h e  s a m p l i n g  of i n d i v i d u a l  w e i q h t s  i n  a p o p u l a t i o n  

of E .  smithi. The w e i g h t s  c o u l d  be messurea a t  some 

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

e a c h  i n d i v i d u a l .  T h e  w h o l e  p o p u l a t i o n  c o u l d  be  w s i q h e d  

a t  some s p e c i f i c  tirae a f t e r  o v i p o s i t i o n .  B s l a t i v e  l i v e  

a d u l t  w e i q h t s  c o u l d  be e s t i m a t a d  b y  m ~ a s u r i n g  some 

o t h e r  h i q h l y  c o r r e l a t e d  v a r i a b l e .  C h o o s i n q  b e t w e e n  t h e  

a b o v e  a p p r o a c h e s  r e q u i r e s  k n o w l e d g e  o f  how w e i q h t  

varies i n  a n  i n d i v i d u a l  4. s a i t h i  o v e r  t ime .  

In t h i s  chapter t h e  r e l a t r o n s h i p  betwean p a r a s i t e  

wet w e i q h t  a n d  time after o v i p o s i t i o n  i s  e x a m i n e d  

f rom aui~wy f o r m a t i o n  t o  d e s i c c a t i o n  a f t e r  d e a t h .  A l s o ,  

t h e  r a t e  of wet w e i q h t  l c s s  a f t e r  a c l o s i o n  i s  

examined .  K n o n l e d q s  of these r e l a t i o n s h i p s  is u s e d  



t o  assess t h e  v a r i o u s  techniques for  sampling 

i n d i v i d u a l  a d u l t  weights. Specific t e c h n i q u e s  .3re 

selected for us2 in subsequent e x p e r i m e n t s .  



*, o l d  h o s t  a p h i d s .  F i v e  ' c o n t r o l '  a p h i d s  were s a m p l e d  

f rom e a c h  c a q e  p r i o r  t o  o v i p o s i t i o n .  O n e  h u n d r e d  

p o t e n t i a l l y  p a r a s i t i z e d  a p h i d s  were o b t a i n e d  b y  

a l l o w i n g  e a c h  o f  1 0  ~ l a t e d  female p a r a s i t e s  t o  o v i p o s i t  

i n t o  5 h o s t  a p h i d s  a p p r o x i m a t e l y  e v e r y  30  r n i n u t s s  f o r  

a p p r o x i m a t e l y  1 h o u r .  T h e  p a r a s i t e s  were ma ted  6 h o u r s  

b e f o r e  the b e g i n n i n g  o f  t h e  o v i p o s i t i o n a l  s e s s i o n .  

The p o t e n t i a l l y  p a r a s i t i z e d  a p h i d s  were p l a c e d  o n  

p l a n t s  i n  10 p l a s t i c  r e a r i n q  caqes ( 1 0  a p h i d s  p e r  

c a g e ) ,  o n e  c a q q  f o r  a l l  t h e  a p h i d s  a t t a c k e d  b y  one 

f e m a l e  p a r a s i t e ,  a n d  a l l o w e d  t o  d e v e l o p .  T h e  mummies 

c o n t a i n i n g  t h e  d e v e l o p i n g  p a r a s i t e s  were remov;d f r o m  

t h e  p l a n t  s u r f  ace 7 . 5  d a y s  a f t e r  o v i p o s i t i o n  

( a p p r o x i a a t e l y  0.5 d a y s  a f t e r  mummy f o r m a t i o n )  . 
The r e l a t i o n s h i p  between p a r a s i t e  vet w e i g h t  a n d  

time a f t e r  o v i p o s i t i o n  was d e t e r a i n e d  by w e i q h i n q  e a c h  

mummy ( i n c l u d i n g  the d e v e l o p i n q  p a r a s i t e  i t  c o n t a i n s )  

e v e r y  8 h o u r s  frola 192 h o u r s  (8  d a y s )  a f t e r  o v i p o s i t i o n  

t o  t h e  b e g i n n i n g  of e c l o s i o n ,  272 h o u r s  ( 1  1 . 3  d a y s )  

a f t e r  o v i p o s i t i o n .  The  p a r a s i t e s  were n o t  w e i g h e d  

c o l l e c t i v e l y  a t  s p e c i f i c  times a f t e r  o v i p o s i t i o n  d u r i n q  

t h e  e c l o s i o n  p e r i o d .  A f t e r  e c l o s i o n  was c o m p l s t e  e a c h  

p a r a s i t e  was w e i g h e d  e v e r y  12  h o u r s  f r o m  296 h o u r s  



(12.3 d a y s )  a f t e r  o v i p o s i t i o n ,  t h r o u g h  d e a t h ,  u n t i l  404  

h o u r s  (16.8 d a y s )  a f t e r  o v i p o s i t i o n ;  t h e n  svery 2 4  

h o u r s  u n t i l  524 h o u r s  (21.8 d a y s )  a f t e r  o v i p o s i t i o n .  

The p a r a s i t t s  were k e p t  i n s i d e  t h e  g e l a t i n  c a p s u l e s  

t h r o u g h o u t  t h e  e x p e r i m e n t ,  e x c e p t  when t h e y  were b e i n g  

v e i q h e d ,  Tha s e q u e n c e  o f  i n d i v i d u a l  w e i g h i n g s  f o r  e a c h  

of t h e  a b o v e  w e i g h i n g  s e s s i o n s  was k e p t  c o n s t a n t  t c  

r e d u c e  error, s i n c e  e a c h  w e i g h i n g  s e s s i o n  r k q u i r e d  30 

a i n u t e s  t o  c o m p l e t e .  Th? w e i g h t  of a d e v e l o p i n g  

p a r a s i t e  i n  t h e  p r e - e c l o s i c n  s w t i o n  o f  t h e  c u r v e  was 

c a l c u l a t e d  by s u b t r a c t i n q  t h e  w e i g h t  o f  i ts  mummy ( a s  

d e t e r a i n e d  be low)  from t h e  w e i q h t  o f  t h e  pupa-mummy 

complex .  A v e r a g e  wet w e i q h t  l o s s e s  were c a l c u l a t e d  

between each  of t h e  s a m p l i n g  times. 

The  wet w e i g h t  l o s s  a f t e r  e c l o s i o n  was d e t e r m i n e d  

by  w e i g h i n g  e a c h  p a r a s i t e  w i t h i n  15 m i n u t e s  a f t e r  

e c l o s i o n ,  a n d  a g a i n  1, 2 ,  4 a n d  8 h o u r s  a f t e r  t c l o s i o n .  

The a v e r a q e  a n d  c u m u l a t i v e  w e i g h t  l o s s e s  f o r  t h e  f i r s t  

8 h o u r s  a f t e r  e c l o s i o n  were c a l c u l a t e d  f r o m  t h e  d a t a .  

E c l o s i o n  times were r e c o r d e d ,  

Room-dr i ed  a d u l t  weight, o v e n - d r i e d  a d u l t  w e i g h t ,  

a n d  mummy w e i g h t  were s e l e c t e d  a s  p o t e n t i a l  v a r i a t e s  

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

Each  p a r a s i t e  was w e i g h e d  a f t e r  b e i n q  r o o m - d r i e d  u n t i l  

the w e i g h t  s t a b i l i z e d ,  a n d  a g a i n  a f t e r  b e i n g  o v s n - d r i e d  



u n t i l  the weight s t a b i l i z e d .  Each m u m m y  was weighed 2 

hours a f t e r  e c l c s i o n .  T h e  s t a b i l i t y  o f  t h e  m u m m y  

weights was c h e c k e d  by weighinq a subsample of t h e  

rummies a t  25  days after o v i p o s i t i o n  (approximately 1 3  

d a y s  after ec lo s ion )  . 
Correlation c o e f f i c i e n t s  between the values  

obtained using t h e  various sampling techniques were 

ca l cu la ted  b y  computer. 



3.3 RESULTS C D  DISCUSSION 

3.3.1 V a r l a t i o n  i n  wet w e i g h t  w i t h i n  ~ a r a s i  tes 

The c u r v e s  i n  F i g .  1  show t h e  d e c r e a s e  i n  mean wet 

w e i q h t  o f  t h e  p a r a s i t e s  a f t e r  m m m y  f o r m a t i o n  a s  a 

f u n c t i o n  of t h e  tine a f t s r  o v i p o s i t i o n .  The  e c l o s i o n  

s e c t i o n s  o f  t h e  c u r v e s  were e s t i m a t e d  b y  i n t e r p o l a  t i c n .  

~ e s c r i p t i v e  s ta t is t ics  on t h e s e  d a t a  a r e  p r e s e n t e d  i n  

T a b l e  1. E c l o s i o n  o c c u r r e d  o v e r  a 16  h o u r  p e r i o d  i n  

b o t h  s e x e s ,  w i t h  e c l o s i o n  i n  t h e  females b a g i n n i n q  4 

h o u r s  l a t e r  t h a n  s c l o s i o n  i n  t h e  & a l a s .  Tbs mjan (2S.E.) 

w e i q h t  o f  t h e  c o n t r o l  a p h i d s  was 6 0 . 1 5  f 1.384q.  

The s h a p e  o f  t h e  c u r v e  is s i m i l a r  f o r  t h e  t w o  

sexes, w i t h  the f e m a l e  w e i g h t s  being c o n s i s t e n t l y  

g r e a t e r  t h a n  t h e  male w e i g h t s .  T h e  p r e - s c l o s i o n  

w e i g h t s  s h o w  h i g h  rates o f  w e i g h t  l o s s  b e t w s e n  192 a n d  

208 h o u r s ,  and  a g a i n  between 248 h o u r s  a n d  t h a  

b e q i n n i n q  of e c l o s i o n .  T h e  h i g h  r a t e  o f  w e i g h t  loss a t  

these times is p r o b a b l y  d u e  t o  t h e  h i g h  ra te  o f  

m e t a b o l i c  a c t i v i t y  r e q u i r e d  f o r  t h e  t w o  m e t a m o r p h i c  

m o u i t s .  T h e  p o p u l a t i o n  c o n t i n u e s  t o  h a v e  a h i g h  r a t e  o f  

w e i q h t  l o s s  b e t w e e n  t h e  e c l o s i o n  o f  t h ?  f i r s t  male  a n d  

t h e  l a s t  female. V a l u e s  f o r  p o r t i c n s  o f  t h i s  p e r i o d  

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

was not w e i g h e d  c o l l e c t i v e l y  d u r i n g  t h i s  time. T h e  r a t e  o f  

w e i q h t  l o s s  is c o n s t a n t  d u r i n g  t h 2  a d u l t  l i f a  i n s i d e  



Figure 1. Decreases in uet weight a f t e r  m u m m y  formation in 
male and female Aphidius saithi. 
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Table 1 Descriptive s t a t i s t i c s  o n  u e t  w e i q h t  losses 
af ter  sturnmy f o r m a t i o n  i n  ( A )  lsale and 
( B )  female A p h i d i u s  s m i t h i .  

a 
A) H e  an Average 

Hours wet S t a n d a r d  w e i q h t  
after w e i g h t  error loss 

o r i p o s i t i o n  H (491 m a n  C.V. (4g/hr)  

a) i n c l u d e s  t h e  w e i g h t  of  t h e  sumply from 132 to 272 
h o u r s  after o v i p o s i t i o n  



Table  1 C o n t i n u e d  

a) 
8 )  flean Average 

Hours ue t S t a n d a r d  weight 
after weight e r r o r  l o s s  

oviposit ion N (4a mean C . V .  (4 g/hrl 

a) i n c l u d e s  the weight  of t h e  suamy fro@ 192  to 272 
hours after oviposit ion 



& h e  q e l a t i n  c a p s u l e ,  i n c r e a s i n g  s l i q h t l y  d u r i n g  d e a t h .  

It i s  i n t e r e s t i n q  t o  n o t e  t h a t  th? r a t e s  o f  w z i q h t  l o s s  

i n  the e a r l y  a n d  l a t e  p u p a l  s t a g e s  a r e  h i q h e r  t h a n  

t h o s e  o f  a n  a c t i v e  ( i n s i d e  a  q e l a  t i n  c a p s u l e )  a d u l t  

p a r a s i t e .  T h e  dead p a r a s i t e s  have d r i e d  t o  c o n s t a n t  

w e i g h t  by a b o u t  20 d a y s  a f t e r  o v i p o s i t i o n .  

Weigh t  losses a t  s p e c i f i c  p o i n t s  d u r i n g  t h e  

d e v e l c p m e n t  of a n  i n d i v i d u a l ,  s u c h  a s  m o u L t i n q ,  

e c l o s i o n  and  d e a t h ,  wou ld  b e  much more d r a m a t i c  t h a n  

t h o s e  i l l u s t r a t e d  i n  F i g .  1. The h i q h  p o p u l a t i o n  

v a r i a t i o n  i n  d a v e l o p m e n t a l  ra tes  (20 h o u r  r a n g e  a t  

e c l o s i o n )  , c o m b i n e d  w i t h  t h e  l e n g t h  of t i a e  b e t w e e n  

w e i q h i n q s ,  r e s u l t e d  i n  t h e  p o i n t s  of i n d i v i d u a l  h i q h  

w e i q h t  l o s s  b e i n g  scat tered o v e r  a w i d e  i n t e r v a l .  This 

is i l l u s t r a t e d  by  t h e  h i g h  rate  o f  w e i g h t  loss  s t  

e c l o s i o n ,  a t  w h i c h  time t h e  p h y s i o l o g i c a l  a g e s  o f  t h e  

p a r a s i t e s  a r e  s y n c h r o n i z e d  ( T a b l e  2 ) .  B o t h  s e x e s  l o s e  

a t  l e a s t  6.5% o f  t h e i r  e c l o s i o n  wet w e i g h t  d u r i n q  t h e  

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

l o s s  d u r i n g  t h e  20 h o u r  e c l o s i o n  p e r i o d  a v e r a g e d  o n l y  

1.5% of t h e  e c l o s i o n  wet v e i q h t  p e r  h o u r  when a l l  

i n d i v i d u a l s  i n  t h e  p o p u l a t i o n  were s a m p l e d  a t  the sa@e 

time atter o v i p o s i t i o n .  T h i s  s a m p l i n q  t e c h n i q u e  f a i l e d  

t o  r e v e a l  t h e  d r a m a t i c  6.5% w e i q h t  l o s s  d u r i n g  t h e  

first h o u r  a f t e r  e c l o s i o n .  Katz a n d  Young (1975)  f o u n d  



T a b l e  2 Wet w e i g h t  l o s s e s  a f t s t  eclosion i n  ( A )  male  
and  ( B )  female A p h i d i u s  s m i t h i .  

A a 1 
Hean Average C u a u l a t i  ve 

Hours  wet Standard weight p e r c e n t a  ga 
af ter  w e i g h t  e r r o r  l o s s  we iqht  

e c l o s i o n  N (4 g )  mean C - V ,  (49 /hr )  l o s s  

I3 1 a 1 
Mean Average C u n u l a t i v z  

Hours v e t  Standard  w e i g h t  p e r c e n t a g e  
a f t e r  w e i g h t  error l o s s  u e i q h t  

e c l o s i o n  N (49) mean C,V. (4 g/hr) loss 

a) c a l c u l a t e d  a s  a percentage of the s c l o s i o n  
wet w e i g h t  



s i m i l a r  h i g h  wet w e i g h t  f l u c t u a t i o n s  a t  e m s r g e n c e  i n  

D r o s o p h i l a  m e l a n o q a s t e r .  T h e  i n i t i a l  h i g h  r a t e  o f  w e i g h t  

l o s s  i s  p r o b a b l y  d u e  t o  e v a p o r a t i o n  when t h e  a d u l t  

i n s e c t  1s f i r s t  ~ x p o s e d  t o  t h e  a i r ,  

V a r i a t i o n  i n  uet a 2 d  dry w e i g h t  w i t h i n  a n  

i n d i v i d u a l  a d u l t  i n s e c t  is h i q h l y  d e p e n d e n t  upon  t h e  

e n v i r o n m s n t  i n  w h i c h  t h e  i n s e c t  l i v e s .  V a r i a t i o n  i n  

water c o n t e n t  will b e  d e p e n d e n t  u p o n  t h ~  rstes o f  water 

e v a p o r a t i o n ,  d e f ~ c a  t i o n ,  i n q e s t i o n  a n d  a b s o r p t i o n  

( B u r c e l l  1 9 7 4 ) ,  w h i c h  i n  t u r n  are d s p e n d e n t  u p o n  many 

e n v i r o n m e n t a l  fac tors .  V a r i a t i o n  i n  d r y  w e i g h t  w i l l  b e  

d e p e n d e n t  upon f e e d i n g  r a t e s  a n d  t h e  e f f i c i e n c y  of f o o d  

u t i l i z a t i o n ,  which  are a g a i n  d e p e n d e n t  uFon  many 

e n v i r o n m e n t a l  f a c t o r s .  T h u s  t h e  d a t a  p r z s e n t e d  i n  P i q .  1 

and  T a b l e  1 a r e  o n l y  v a l i d  f o r  t h e  e n v i r o n m e n t  i n  

w h i c h  t h e  e x p e r i m e n t  was  p e r f o r m e d .  A l t h o u g h  t h i s  is 

only o n e  of a  m y r i a d  o f  o n v i r o n n a e n t s  i n  u h i c h  A. smithi 

c o u l d  e x i s t ,  t h e  d a t a  do i l l u s t r a t e  t h e  r e 1 a t i v . o  

r a t e s  of w e i g h t  l o s s  a t  t h e  v a r i o u s  s t a q e s  a f t e r  m u m m y  

f o r m a t i o n .  

3.3.2 S t a n d a r d i z i n g  the adult u e i q h t  of an i n d i v i d u a l  

In s t u d i e s  o n  w e i g h t  v a r i a t i o n  b e t w e e n  

i n d i v i d u a l s ,  i t  is  e s s e n t i a l  t h a t  t h s  w e i g h t  o f  each 

i n d i v i d u a l  b e  s t a n d a r d i z e d  s u c h  t h a t  ths w i t h i n - i n d i v i d u a l  

c o m p o n d n t  o f  w s i g h t  v a r i a t i o n  i n  t h s  p o p u l a t i o n  is  



a p p a r e n t  from t h a  m a g n i t u d e  of t h z  mean 

w i t h i n - i n d i v i d u a l  u e i q h t  v a r i a t i o n  o b s e r v e d  i n  F i q .  1.  

T h e r e  are s e v e r a l  a p p r o a c h e s  t o  t h e  s t a n d a r d i z a t i o n  of  

i n d i v i d u a l  w e i g h t s .  

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

p o i n t  d u r i n q  its d e v e l o p m e n t  t h a t  is  b o t h  easy t o  

o b s a r v e  a n d  s h o r t  i n  d u r a t i o n .  B y  u s i n g  t h i s  a p p r o a c h ,  t h e  

w i t h i n - i n d i v i d u a l  c o m p o n e n t  o f  w i g h t  v a r i a t i o n  i n  tha 

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

d u r i n q  t h e  d e v e l o p m e n t  of 8 .  s m i t h i  i s  e c l o s i o n .  

One d i s a d v a n t a q e  t o  s a m p l i n q  w e i g h t  a t  e c l o s i c n  i s  

t h a t  s a m p l i n g  must be c a r r i e d  o u t  o v e r  t h a  e n t i r e  

e c l o s i o n  p e r i o d  for t h e  p o p u l a t i o n .  T h e  l e n g t h  of t h e  

e c l o s i o n  p e r i o d  c a n  be r e d u c e d  by k e e p i n g  a11 t h e  

r e l e v a n t  e n v i r o n m e n t a l  p a r a m e t e r s  a s  c o n s t a n t  a s  

p o s s i b l e .  T e m p e r a t u r e  a n d  r e l a t i v e  h u m i d i t y  a r e  kncwn 

t o  a f f e c t  d e v e l o p r e n t a l  r a t e s  i n  A. s m i t h i  ( U i a c k o u s k i  

1362). I n  t h e  t i g h t l y  c o n t r o l l e d  e n v i r o n m e n t  i n  w h i c h  

t h e  e x p e r i m e n t  d e s c r i b e d  i n  t h i s  c h a p t e r  was r u n ,  t h e  

e c l o s i o n  p e r i o d  was s t i l l  20  h o u r s .  I t  i s  t e c h n i c a l l y  

u n r e a l i s t i c  t o  s a m p l e  u e i q h t s  o v e r  a 20 h o u r  p e r i o d  for  

e a c h  of a series o f  e x p e r i m e n t s .  

A n o t h e r  d i s a d v a n t a q e  t o  s a m p l i n g  w e i g h t  a t  

e c l o s i o n  i s  t h a t  e r r o r s  w i l l  ba i n t r o d u c e d  d u e  t o  t h e  



b 
h i g h  r a t e  of  w e i g h t  loss d u r i n g  t h e  f i r s t  h o u r  a f t e r  

e c l o s i o n  (Tabla  2) . I n  t h i s  e x p e r i m e n t ,  w i t h  e r n e r q e n c e  

checks e v e r y  10 m i n u t e s ,  some p a r a s i t e s  were n o t  

w e i g h e d  u n t i l  15 m i n u t e s  a f t e r  t h e y  e m e r g e d  f r o m  t h e  

mummy. T h e  p r e s e n c e  o f  error i n t r o d u c e d  b y  s u c h  d e l a y s  

is suggested b y  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  

t h e  v a l u e s  o b t a i n e d  a t  v a r i o u s  times a f t e r  e c l o s i o n  i n  

t h e  aa les  { T a b l e  3 ) .  Wet w e i g h t s  1, 2, 4 a n d  8 h o u r s  

a f t e r  e c l o s i o n  a r e  h i g h l y  c o r r e l a t e d  w i t h  e a c h  other 

but a r e  n o t  a s  h i g h l y  correlated w i t h  wet w e i g h t  a t  

e c l o s i o n .  Due t o  t h e  h i g h  r a t e  of weight lass a t  

e c l o s i o n ,  wet w e i g h t  o n e  hour a f t e r  e c l o s i o n  i s  

p r o b a b l y  a more a c c u r a t e  estimate of r e l a t i v e  

i n d i v i d u a l  a d u l t  w e i g h t ,  

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

a d u l t  w e i g h t  is t o  sample t h e  w h o l e  p o p u l a t i o n  a t  a 

p a r t i c u l a r  l e n g t h  of time a f t e r  o v i p o s i t i o n .  S a m p l i n g  

a t  any t i n e  a f t e r  mummy f o r m a t i o n  may be i n d i c a t i v e  cf 

a d u l t  w e i g h t  since t h e  p a r a s i t e  c o m p l e t e s  its f e e d i n g  

b e f o r e  mummy f o r m a t i o n .  The  a d v a n t a g e  of t h i s  a p p r o a c h  

is t h a t  i t  i s  t e c h n i c a l l y  c o n v e n i e n t .  W i t h  short 

p a r a s i t i z a t i  o n  s e s s i o n s ,  a l l  t h e  i n d i v i d u a l s  f r o m  each 

s e s s i o n  c a n  be w e i g h e d  a t  t h e  same s i t t i n g ,  O n e  

d i s a d v a n t a g e  of this a p p r o a c h  is t h a t  i t  c a n n o t  be  u s e d  

o n  n a t u r a l  p o p u l a t i o n s  s i n c e  the time of o v i p o s i t i o n  is 



T a b l e  3 C o r r e l a t i o n  c o e f f i c i e n t s  be tween  v e t  w e i g h t s  
a t  s p e c i f i c  times a f t e r  e c l o s i o n  i n  n a l e  
B p h i d i u s  s ~ i t h i  (1=60) .  

f i r s t  v a r i a t e  
second v a r i a  te 

T 1 T2 T3 T4 

e c l o s i o n  (=T 1) 1,000 

1 hour a f t e r  e c l o s i o n  (=T2) 0.941 1.000 

2 hours after e c l o s i o n  (=T3) 0 , 3 3 5  0.991 1.000 

4 h o u r s  a f t e r  e c l o s i o n  (=T4) 0.918 0 . 9 9 2  0.983 1.000 

8 h o u r s  a f t e r  e c l o s i o n  (=T5) 0.903 0,980 0.972 0 .935 



unknown i n  f i e l d  s i t u a t i o n s .  A n o t h e r  d i s a d v a n t a g e  is 

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

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

s t aqe  of d e v e l o p m e n t  a t  a n y  g i v e n  l e n g t h  of time a f t e r  

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

b e t w e e n  t h e  i n d i v i d u a l s .  T h e  m a g n i t u d e  o f  the e r r o r  

i n t r o d u c e d  b y  these d i f f e r e n t  d e v e l o p m e n t a l  rates c a n  

be  m i n i a i z e d  b y  s a m p l i n g  a t  a time when t h e  mean r a t s  

of weight l o s s  far t h e  p o p u l a t i o n  is low. S a m p l i n g  a t  

s u c h  a time w i l l  a l s o  r e d u c e  t h e  error when c o m p a r i n q  

the r e s u l t s  of d i f f e r e n t  e x p e r i m e n t s  w h i c h  may h a v e  

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

c o n d i t i o n s .  The r a t e  of  w e i q h t  loss i n  8 .  s m i t h i  i s  

m i n i m a l  b e t w e e n  208 a n d  248  h o u r s  a f t e r  o v i p o s i t i o n  

(Fig, 1, Table 1).  T h u s ,  u s i n g  t h i s  a p p r o a c h ,  t h e  

optimal time f o r  s a m p l i n g  the i n d i v i d u a l  a d u l t  w e i g h t s  

i n  4, s m i t h i  ( u n d e r  t h e  e n v i r o n m e n t a l  c o n d i t i o n s  o f  

t h i s  e x p e r i m e n t )  w o u l d  be a t  a n y  s p e c i f i c  time between 

208 and  248 h o u r s  a f t e r  o v i p o s i t i o n ,  

A t h i r d  a p p r o a c h  t o  t h e  s a m p l i n g  of i n d i v i d u a l  

a d u l t  w e i g h t s  is  t o  s a m p l e  a t r a i t  t h a t  i s  c o n s t a n t  

o v e r  t ise a n d  indicative of t h e  l i v e  a d u l t  w e i g h t ,  Two 

such t r a i t s  t h a t  e x i s t  i n  4. s a i t h i  a r e  w e i g h t  of t h e  

v a c a t e d  mummy and  d r y  w e i g h t  of  t h e  p a r a s i t e  after 

d e a t h .  There a r e  s e v e r a l  a d v a n t a g e s  t o  u s i n g  t h i s  



a p p r o a c h .  I t  i s  t e c h n i c a l l y  v e r y  c o n v e a i e n t  s i n c s  the 

w e i q h t s  a r e  c o n s t a n t  o v e r  time a n d  t h e r a f o r e  c a n  bs 

determined a t  t h e  c o n v e n i e n c e  o f  t h e  e x p e r i m e r t e r .  

T h e r e  is n o  e r r o r  i n t r o d u c e d  b y  d i f f e r e n c 2 s  i n  

p h y s i o l o g i c a l  age b e t w e 2 n  i n d i v i d u a l s  s i n c e  t h e  t r a i t s  

r e p r e s e n t  a c o n s t a n t  p h y s i o l o q i c a l  s t a t e  o f  t h e  

i n d i v i d u a l .  T h e  d i s a d v a n t a q e  o f  t h i s  a p p r o a c h  is t h a t  

s i ccs  t h a s e  t r a i t s  are n o t  p e r f e c t l y  c o r r e l a t z d  w i t h  

t h e  l i v e  a d u l t  w e i g h t ,  error w i l l  b e  i n t r o d u c e d  when 

u s i n q  t h e m  a s  i n d i c a t o r s  of l i v e  a d u l t  w e i q h t .  

Data o n  w e i g h t  of t h e  mummy a n d  d r y  w e i g h t  o f  t h e  

p a r a s i t e  a f t e r  d e a t h  are  p r e s e n t e d  i n  T a b l e  4. A l l  t h e  

v a r i a b l e s  are  h i g h l y  c o r r e l a t e d  w i t h  wet w e i q h t  one 

h o u r  a f t e r  e c l o s i o n .  T h e  v a l u e s  a t  wh ich  room d r i e d  

w e i q h t s  s t a b i l i z e  w i l l  b e  d e p e n d e n t  u p o n  the 

e n v i r o n m e n t a l  c o n d i t i o n s  i n  t h e  room. T h u s ,  o v a n  d r i e d  

w e i q h t  is  a b e t t e r  v a r i a b l e  s i n c e  t h e  e n v i r o n m e n t  i s  

d e s c r i b e d  i n  m o r e  d e t a i l .  T h i s  technique f o r  m e a s u r i n q  

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

b e  u s e d  a s  p a r e n t s  for s u b s e q u e n t  g e n e r a t i o n s .  

Weight of t h e  m u m m y  is a n  i n t e r e s t i n g  v a r i a b l e .  I n  

t h i s  e x p e r i a e n t  t h e  m u m m y  w e i g h t  was f o u n d  t o  b e  

c o n s t a n t  f r o m  3 h o u r s  a f t e r  e c l o s i o n  t o  13 d a y s  a f t e r  

e c l o s i o n .  T h e  aufnmy i n c l u d e s  t h e  c u t i c l e  o f  the 

e v i s c e r a t e d  a p h i d ,  t h e  c o c o o n  a n d  t h e  meconium. T h e  



T a b l e  4 D e s c r i p t i v e  s t a t i s t i c s  on aumny weight, room 
d r i e d  paras i te  w e i g h t  and oven dried p a r a s i t e  
we ight  i n  male and female Aphidius smithi. 

Hean S t a n d a r d  a 
w e i g h t  error Correlation 

V a r i a b l e  I (49) mean C.V. c o e f f i c i e n t  

vacated male 
murny w e i g h t  

room dried nale 
parasite w e i g h t  

oven  d r i e d  aa le  
p a r a s i t e  weight  

vacated female 
m u m m y  weight 

room d r i e d  female 
p a r a s i t e  we ight  

oven dried female 
parasite we ight  

a)  correlat ion w i t h  vet weight 1 hour a f t e r  e c l o s i c n  



w e i g h t  of t h e  c o c o o n  a n d  meconium s h o u l d  b e  i n d i c a t i v e  

o f  the weiqht o f  t h e  d e v e l o p i n g  p a r a s i t e  s i n c e  t h e  

c o c o o n  m u s t  s u r r o u n d  the p a r a s i t e  a n d  t h e  meconium i s  a  

p r o d u c t  of p a r a s i t e  metabolism, A l t h o u g h  t h e  w e i g h t  of 

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

h o s t  s i ze ,  i t  i s  a l s o  d e p e n d e n t  u p o n  t h e  h o s t - p a r a s i t e  

i n t s r a c t i o n .  P o r  e x a m p l e ,  t h i s  i n t e r a c t i o n  c o u l d  r e s u l t  

i n  d e l a y e d  h o s t  k i l l i n g ,  w h i c h  wou ld  r e s u l t  i n  a n  

i n c r e a s e  i n  weight i n  both t h e  e v i s c e r a t e d  a p h i d  a n d  

the a d u l t  p a r a s i t e .  W e i q h i n g  mumaies  i s  a c o n v e n i e n t  

t e c h n i q u e  f o r  e s t i m a t i n g  i n d i v i d u a l  a d u l t  w e i g h t s  t h a t  

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

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

are s e v e r a l  p o s s i b l e  t e c h n i q u e s  f o r  s a t n p l i n g  i n d i v i d u a l  

a d u l t  w e i g h t  i n  4. s m i t h i ,  O f  t h e  a v a i l a b l e  t e c h n i q u e s ,  

w e i g h t  of t h e  v a c a t e d  mummy, v e i q h t  of t h e  pupa  

( i n c l u d i n g  t h e  mummy s u r r o u n d i n g  i t )  a t  9 d a y s  a f t e r  

o v i p o s i t i o n ,  and w e i g h t  o f  t h e  o v e n  d r i e d  a d u l t  w i l l  b e  

u s e d  i n  t h i s  s t u d y  s i n c e  t h e y  are c o n s i d e r e d  t o  b e  

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

w e i g h t .  The p a r t i c u l a r  t e c h n i q u e  f r o m  t h e s e  t h r e e  u s z d  

i n  e a c h  o f  the s u b s e q u e n t  e x p e r i i n s n t s  h a s  d e p e n d e d  upon  

the f e a s i b i l i t y  of e a c h  t e c h n i q u a  i n  e a c h  e x p e r i m e n t a l  

s i t u a t i o n .  

When d e t e r m i n i n g  t h e  effect of h o s t  s i z e  o n  



p a r a s i t e  w e i g h t  ( C h a p t e r  4 )  a l l  t h r e e  t e c h n i q u z s  were 

u s e d  to  es t imate  i n d i v i d u a l  a d u l t  w e i g h t s .  T h i s  

a l l o w e d  f o r  a d e t e r m i n a t i o n  o f  how h o s t  s i z e  a f f e c t e d  

e a c h  of  the t h r e e  v a r i a b l e s  i n d e p e n d e n t l y .  Uhaa 

s a m p l i n g  t h e  d i s t r i b u t i o n s  of a d u l t  w e i g h t s  i n  t h s  

f i e l d  ( C h a p t e r  5 ) ,  t h e  w e i g h t  of t h e  o v e n  d r i e d  a d u l t  

was u s e d  t o  estimate a d u l t  w e i g h t .  P u p a l  w e l g h t  9 d a y s  

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

o v i p o s i t i o n  was n o t  known. H e i g h t  of t h e  euaniy was n o t  

u s e d  s i n c e  mummies c o l l e c t e d  i n  the f i e l d  t e n d  t o  b e  

v e r y  damaged  (i.e. a p h i d  a p p e n d a g e s  m i s s i n g )  , a h e n  

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

( C h a p t e r  6 ) ,  t h e  w e i g h t  o f  t h e  mummy was u s e d  t o  

e s t i m a t e  a d u l t  w e i g h t .  H e i g h t  of t h e  o v e n  d r i e d  a d u l t  

c o u l d  n o t  b e  u s e d  s i n c e  l i v e  p a r a s i t e s  were n e e d e d  t o  

p a r e n t  s u b s e q u e n t  g e n e r a t i o n s .  H e i g h t  of  t h e  p u p a  a t  9 

d a y s  after o v i p o s i t i o n  was n o t  u s e d  s i n c e  m i n o r  

d i f f e r e n c e s  i n  the e n v i r o n m e n t s  b e t u e s n  t h e  g e n e r a t i o n s  

d u r i n q  t h e  4 month e x p e r i m e n t  would  h a v e  af fected t h e  

p h y s i o l o g i c a l  a g e ,  a n d  t h u s  t h e  w e i g h t ,  a t  9 d a y s  a f t e r  

o v i p o s i t i o n .  Rummy w e i g h t  is a l s o  a more c o n v e n i e n t  

v a r i a b l e  t o  m e a s u r e  t h a n  p u p a l  u e i q h t  a t  9 d a y s  a f t e r  

o v i p o s i t i o n .  



3 . 4  S U H H A R P  

The  wet w e i g h t  o f  a n  a d u l t  A. s m i t h i  c o n t i n u o u s l y  

d e c r e a s e s  from mummy f o r m a t i o n  u n t i l  a f t e r  d e a t h  when 

it is k e p t  i n s i i l e  a g e l a t i n  c a p s u l e .  T h c  r a t e  of wet 

w e i g h t  l o s s  is h i g h e s t  j u s t  after mumay f c r m a t r o n ,  a t  

e c l o s i o n  a n d  a t  d e a t h .  T h e  p a r a s i t e s  l o s e  a t  l e a s t  6.5% 

of t h e i r  e c l o s i o n  v e t  w e i g h t  i n  t h e  f i r s t  h o u r  a f t e r  

e c l o s i o n .  

I n  s t u d i e s  o n  w e i g h t  v a r i a t i o n  b e t w e s n  

i n d i v i d u a l s ,  t h e  s a m p l i n q  t e c h n i q u e  u s e d  t o  d e t e r m i n e  

t h e  w e i q h t  o f  e a c h  i n d i v i d u a l  m u s t  be  c a r e f u l l y  c h o s e n  

i n  order t o  m i n i m i z e  t h e  w i t h i n - i n d i v i d u a l  c o m p o n e n t  o f  

t h e  w e i g h t  v a r i a t i o n .  A l t h o u g h  w e i g h i n g  e a c h  i n d i v i d u a l  

one h o u r  a f t e r  e c l o s i o n  would p r o v i d e  a c c u r a t e  d a t a ,  i t  

is t e c h n i c a l l y  n o t  f e a s i b l e .  Y e i g h i n g  t h e  v a c a t e d  

mummy, w e i g h i n g  t h e  p u p a  ( i n c l u d i n g  t h e  Rummy 

s u r r o u n d i n g  i t) a t  9 d a y s  a f t e r  o v i p o s i t i o n ,  a n d  

w e i g h i n q  t h e  o v e n  d r i e d  a d u l t  a re  t e c h n i c a l l y  f e a s i b l e  

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

r e l a t i v e  a d u l t  w e i g h t s  o f  t h e  i n d i v i d u a l s  i n  a 

p o p u l a t i o n .  



C H A P T E R  4 

THE EFFECT OF HOST W E I G H T  BT O V I P O S I T I O N  

ON PARASITE HEIGHT 

4 . 1  I N T R O D U C T I O N  

I n  t h e  p r e c e d i n g  c h a p t e r ,  i t  was d e m o n s t r a t e d  

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

i n d i v i d u a l s  i n  a p o p u l a t i o n  is one of t h e  c a u s e s  of 

p o p u l a t i o n  w e i g h t  v a r i a t i o n .  Another p o s s i  t l e  c a u s e  

population w e i g h t  v a r i a t i o n  i s  v a r i a t i o n  i n  t h e  a g e  o r  

s i z e  o f  the h o s t  i n s e c t .  J a c k s o n  (1937)  f o u n d  t h a t  i n  

P i a p l a  t u r i o n e l l a e ,  a pupa p a r a s i t e  o f  many s p e c i e s  of 

L e p i d o p t e r a ,  t h e  s i z e  of a n  i n d i v i d u a l  was related t c  

t h e  size of i t s  h o s t .  S a l t  (1940) d e m o n s t s a t e d  t h a t  i n  

T r i c h o q r a m m a  evanescens, a n  e q q  p a r a s i t o i d  o f  msny 

insect species, t h e  size of a n  i n d i v i d u a l  is larqe ly  

d e p e n d e n t  upon the s i z e  of the e q g  in which  i t  

d e v e l o p e d ,  S a l t  a l s o  u s e d  d i f f e r e n t  sized eggs from o n e  

s p e c i e s  a s  hosts, a n d  a q a i n  f o u n d  a p o s i t i v e  



c o r r e l a t i o n  b e t w e e n  t h e  s i z e  cf a n  i n d i v i d u a l  a n d  t h e  

s i z e  of i t s  h o s t .  

I n  t h e  p e a  aphid-!. s m i t h i  h o s t  p a r a s i t e  s y s t e m ,  

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

p h y s i o l o q i c a l  age of  the host. A d u l t  v i r g i n o p a r o u s  of t h s  

p e a  a p h i d  a r e  v i v i p a r o u s .  D e v e l o p m e n t  c o a s i s t s  o f  s i m p l e  

m e t a m o r p h o s i s  ( f o u r  n y m p h a l  i n s t a r s )  w i t h  a d u l t s  b e i n q  

p r o d u c e d  after 7-8 d a y s  at 20'~. 4. s m i t h i  will 

o v i p o s i t  i n t o ,  a n d  is c a p a b l e  of c o m p l e t i n g  its 

d e v e l o p m e n t  i n ,  pea a p h i d s  r a n q i n g  i n  a g e  from birth 

t o  a t  l e a s t  2 1 - d a y s  old ( a t  2 0 " ~ )  ( C a w p b e l l  a n d  

n a c k a u e r  3375b). T h e  t o t a l  a m o u n t  of f o o d  a v a i l a b l e  f o r  

t h e  d e v e l o p i n g  p a r a s i t e  is n o t  p r e s e n t  a t  o v i p o s i t  i o n ,  

as i t  uas w i t h  T. e v a n e s c e n s  and p. t u r i o n e l l a e ,  s i n c e  

t h e  p a r a s i t i z e d  a p h i d  c o n t i n u e s  to feed f o r  a t  l e a s t  5 

or  6 d a y s  a f t e r  b e i n g  p a r a s i t i z e d  ( C l o u t i e r  3 3 7 8 ) .  

However,  the a m o u n t  o f  f o o d  a v a i l a b l e  f o r  t h e  

d e v e l o p i n g  p a r a s i t e  l a r v a  w i l l  s t i l l  be d e t e r m i n e d ,  t o  

a large  e x t e n t ,  by t h e  p h y s i o l o q i c a l  a g e  (or s i z e )  of 

t h e  h o s t  a p h i d  a t  c v i p o s i t i o n .  

Xn t h i s  c h a p t e r ,  t h e  effect of p e a  a p h i d  u e i q h t  a t  

o v i p o s i t i o n  o n  . s m i t h i  w e i g h t  is e x a m i n e d .  H o s t  

w e i g h t  is v a r i e d  b y  v a r y i n g  t h e  a g e  of the h o s t  

a p h i d s .  T h e  e x p e r i m e n t a l  d e s i g n  a l s o  p e r m i t s  a n  

a n a l y s i s  o f  w e i g h t  d i f f e r e n c e s  between males a n d  



k 
i t h e  r e p r o d u c i b i l i t y  of the results. P a r a s i t e  w e i g h t s  
f 

a r e  d e t e r m i n e d  by measuring pupa u s i q h t ,  mummy 

weight and a d u l t  w e i g h t .  Measurement of a l l  three 

v a r i a t e s  d e m o n s t r a t e s  how h o s t  s i z e  a • ’  fects  each of  

t h e  t h r e e  v a r i a t e s  i n d i v i d u a l l y .  



4.2 M A T E R I A L S  AND HETHODS 

F o u r  p l a s t i c  c a g e s  were u s e d  t3 r e a r  e a c h  o f  12 

a q e s  o f  h o s t  a p h i d s  r a n g i n q  i n  age f r o m  12'2.5 h o u r s  t o  

l44".5 h o u r s  i n  i n c r a m e n t s  o f  12 hours. F o r  e a c h  age 

o f  h o s t  a p h i d ,  56 t o  8 0  p o t e n t i a l l y  p a r a s i t i z e d  a p h i d s  

were o b t a i n e d  by a l l o u i n q  e a c h  of 7 matad f e m a l e  

p a r a s i t e s  t o  o v i p o s i t  i n t o  2 t o  4  h o s t  a p h i d s  

a p p r o x i m a t e l y  e v e r y  20 m i n u t e s  f o r  a p p r o x i m a t z l y  1 

h o u r .  Different f e m a l e  p a r a s i t e s  were u s e d  f o r  e a c h  a g a  

o f  h o s t  a p h i d .  T h e  p a r a s i t e s  were m a t e d  5 t o  3 h c u r s  

b e f o r e  t h e  b e g i n n i n q  of t h e  o v i p o s i t i o n a l  s e s s i o n .  A 

r a n d o m  s a m p l e  of 5 h o s t  a p h i d s  was r e m o v e d  a t  the 

b e q i n n i n q  o f  each o v i p o s i t i o n a l  s e s s i o n  a n d  o v e n - d r i e d  

f o r  s u b s e q u e n t  d e t e r m i n a t i o n  of the w e i g h t  of t h e  host 

a p h i d s  a t  o v i p o s i t f o n ,  The  p o t e n t i a l l y  p a r a s i t i z e d  

a p h i d s  from e a c h  o v i p o s i t i o n a l  s a s s i o n  were r a n d o m l y  

p l a c e d  o n  p l a n t s  i n  4 p l a s t i c  c a g e s  (15  t o  20 a p h i d s  

p e r  c a q e )  a n d  a l l o w e d  t o  d e v e l o p .  T h e  mummies 

c o n t a i n i n g  t h e  d e v e l o p i n q  p a r a s i t e s  were removed  from 

t h e  p l a n t  s u r f a c e  8 d a y s  a f t e r  o v i p o s i t i o n  

[ a p p r o x i m a t e l y  1 d a y  a f t a r  mummy f o r m a t i o n ) .  

The  i n d i v i d u a l  pupa  w e i g h t s  were d e t s r m i n a d  b y  

v a i g h i n g  e a c h  d e v s l o p i n q  p a r a s i t e  [ i n c l u d i n g  t h e  mummy 

s u r r o u n d i n q  i t)  9 d a y s  a f t e r  o v i p o s i t i o n .  T h e  

i n d i v i d u a l  m u m m y  w e i g h t s  upre d e t e r t a i n e d  by w e i q h i n q  



e a c h  v a c a t e d  auamy 2 t o  4  d a y s  a f t e r  o c l o s i o n .  The  

w e i g h t s  o f  mummies  f r e q u e n t l y  n e e d e d  t o  be  a d j u s t e d  f o r  

. i s s i n g  a p h i d  a p p e n d a g e s  o r  e c l o s i o n  l i d .  The  

r e l a t i o n s h i p s  b e t w e e n  t o t a l  mummy w e i g h t  3nd mummy p a r t  

w e i g h t s ,  u s e d  f o r  c a l c u l a t i n g  t h e  a d j u s t m e n t  f a c t o r s ,  

were d e t e r m i n e d  b y  w e i g h i n q  5 a n t e n n a e ,  5 h i n d  l e q s ,  

5 f r o n t  l e g s  a n d  5 e m e r g e n c e  l i d s  f r o m  mummies h a v i n q  

e a c h  of t h e  f o l l o w i n g  w e i g h t s  ( 2 1  yg)  : 9049 ,  1 2 0 r q ,  

160yq,  1804q,  2004g,  a n d  24Ouq. T h e  i n d i v i d u a l  o v e n  

d r i e d  a d u l t  p a r a s i t e  u e i q h t s  were d e t s r m i n e d  by  

w e i g h i n g  e a c h  p a r a s i t e  a p p r o x i m a t e l y  34 d a y s  a f t e r  

e c l o s i o n  ( a f t e r  4-5 d a y s  of o v e n  d r y i n g ) .  

The e n t i r e  e x p e r i m e n t  was r e p e a t e d  e x c e p t  t h a t  i n  

t h e  s e c o n d  r u n  t h e  o v e n  d r i e d  p a r a s i t e  w e i g h t s  were n o t  

d e t e r m i n e d  ( a n d  t h e  mummy-part a d j u s t m e n t  f a c t o r s  were 

n o t  r e c a l c u l a t e d )  , 

T h e  p a r a s i t e  w e i g h t  v a r i a n c e  f o r  each o f  t h e  t h r e e  

a p p r o a c h e s  t o  m e a s u r i n g  p a r a s i t e  w e i g h t  f i .e .  a e a s u r i n q  

pupa weight, muamy w e i g h t  a n d  a d u l t  w e i g h t )  was 

a n a l y z e d  s e p a r a t e l y .  

An u n d e r s t a n d i n g  of t h e  e x p e r i m e n t a l  d e s i g n  i s  

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

t h e  a n a l y s i s  of v a r i a n c e .  W i t h  p u p a  waiqht a n d  mummy 

u e i q h t ,  e a c h  of t h e  1 t o  1 3  p a r a s i t e s ,  from e a c h  s e x ,  

from e a c h  o f  4  c a g e s ,  f rom e a c h  of 12 aqes of h o s t  



a p h i d ,  a n d  from a a c h  o f  2 e x p e r i m e n t s  was we ighed .  

T h u s ,  f o u r  ma in  f a c t o r s  a r e  i n v o l v e d :  s e x ,  c a g e  number ,  

h o s t  a g e  and e x p e r i m e n t  n u a b e r .  C a q e  number  i s  n e s t e d  

u n d e r  h o s t  a g e  a n d  e x p e r i m e n t  number .  A l l  o f  t h e  c t h q r  

main factors a re  f u l l y  c r o s s e d .  E x p a r i m e n t  n u m b a r  a n d  

cage number  a r e  r e p l i c a t i o n  f a c t o r s  ( W i n e r  1971 )  . I h a  

1 t o  13 i n d i v i d u a l s  of o n e  sex w i t h i n  e a c h  c a q a  p r o v i d e  

t h e  e r r o r  term f o r  t h e  v a r i a n c e  a n a l y s i s .  Wi th  a d u l t  

w e i g h t ,  t h e  d e s i g n  i s  i d e n t i c a l  e x c e p t  t h a t  t h a  

e x p t r i m e n t  number  r e p 1  i c a t i o n  f a c to r  is n o t  p r e s e n t  

s i n c e  t h e  a d u l t s  were n o t  w e i q h e d  i n  t h e  s e c o n d  

e x p e r i m e n t .  

T h e r e  are  many r e a s o n s  f o r  u s i n g  r e p l i c a t i o n  

f a c t o r s  i n  t h i s  e x p e r i m e n t .  R e p l i c a t i o n  f a c t o r s  w e r e  

t h e  o n l y  way o f  i n c r e a s i n q  t h e  s a m ~ l e  s i z e  f o r  a a c h  

host age, s i n c e  t h e  n u a b e r  of p a r a s i t e s  t h a t  c o u l d  be  

r e a r e d  i n  a s i n g l e  p l a s t i c  c a g e  was l i m i t e d .  I n c l u d i n q  

cage number  a s  a r e p l i c a t i o n  f a c t o r  i n  t h e  v a r i a n c e  

a n a l y s i s  p r o v i d e d  a  m e a n s  o f  c h e c k i n g  f o r  t h e  p r e s e n c e  

of ,  a n d  if present,  e l i m i n a t i n g ,  t h a  v a r i a n c e  c o m p o n a n t  

c a u s e d  by d i f f e r e n t  r e a r i n g  c o n d i t i o n s  b e t v e e n  c a q e s .  

I n c l u d i n g  e x p e r i m e n t  n u m b e r  a s  a r e p l i c a t i o n  f a c t o r  i n  

the v a r i a n c e  a n a l y s i s  p r o v i d e d  a m e a n s  o f  c h e c k i n g  f o r  

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



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

c h r o n o l o q i c a l  times. I t  p r o v i d e d  a n  i n d i c a t i o n  o f  t h e  

a b i l i t y  t o  r e p l i c a t e  t h e  e n t i r e  e x p e r i m a n t .  

The r e p l i c a t i o n  f a c t o r s  are random f a c t o r s  s i n c e  

t h e  e x p e r i m e n t e r  h a s  n o  c o n t r o l  o v e r  f a c t o r s  w h i c h  m a y  

make E x p e r i m e n t  A d i f f e r e n t  from E x p e r i m e n t  B o r  C a q s  1 

d i f f e r e n t  from C a g e  4, n o r  is h e  a b l e  t o  duplicate t h e  

c o n d i t i o n s  i n  t h e  v a r i o u s  e x p e r i m e n t s  o r  c a g e s .  S e x  is 

a flxed factor s i n c e  the sex of a n  i n d i v i d u a l  is known 

w i t h  c e r t a i n t y .  H o s t  a g e  was a n a l y z e d  a s  a f i x e d  f a c t o r  

s i n c e  t h e  a q e s  o f  t h e  h o s t s  were s e l e c t e d  b y  t h e  

e x p e r i m e n t e r  a n d  a r e  r e p r o d u c i b l e .  

T a k i n q  a l l  of t h e  a b o v e  i n f o r m a t i o n  o n  t h e  factors 

i n t o  c o n s i d e r a t i o n ,  t h e  s t r u c t u r a l  model u s e d  f o r  t h e  

a n a l y s i s  of v a r i a n c e  i n  pupa  w e i g h t  and  mummy w s i g h t  is: 

where: 
- 
ABCb+l = t h e  mean o b s e r v a t i o n  i n  c e l l  i j k l  

Y = t h e  p a r a m e t r i c  g r a n d  meaz 

Q, = t h e  f i x e d  e f f e c t  of  sex ( f a c t o r  A )  

8, = t h e  f i x e d  e f f e c t  o f  h o s t  age ( f a c t o r  B )  

a@;, = t h e  effect of s e x - h o s t  age i n t e r a c t i o n  

v~ = t h e  random effect of e x p e r i m e n t  number  

( f a c t o r  C)  

= t h e  effect o f  sex-experiment number  



i n t e r a c t i o n  

= t h e  e f fec t  of  h o s t  a g e - s x p e r i m e n t  number  

i n t e r a c t i o n  

= t h e  e f f e c t  of s e x - h o s t  a g e - e x p e r i m a n t  

number  i n t e r a c t i o n  

= t h e  r andom e f fec t  of c a q e  number  ( f a c t o r  D )  

( n e s t e d )  

= t h e  e f f e c t  o f  sex-cage number  i n t e r a c t i o n  

( n e s t e d )  

= the mean e x p e r i a e n t a l  e r r o r  i n  c e l l  i j k l  

S i n c e  t h e  a d u l t  w e i g h t  m e a s u r e m e n t s  d o  n o t  h a v e  a n  

e x p e r i m e n t  number  r e p l i c a t i o n  fac tor ,  t h e  s t r u c t u r a l  

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

A p r o q r a m  t i t l e d  ' A n a l y s i s  o f  V a r i a n c e  a n d  

C o v a r i a n c e  P r o q r a m 9 ,  a v a i l a b l e  a t  t h e  Simon F r a s e r  

U n i v e r s i t y  C o m p u t i n g  C e n t r e ,  was u t i l i z e d  f o r  t h e  

v a r i a n c e  a n a l y s e s ,  An ANOVA w i t h  r e g r e s s i o n  c o m p u t e r  

p r o q r a m  was w r i t t e n  for d e t e r m i n i n g  t h e  r e l a t i o n s h i p  

between hos t  v e i q h t  a t  o v i p o s i t i o n  a n d  p a r a s i t e  w e i g h t ,  

A c o m p u t e r  p r o g r a m  was w r i t t e n  f o r  d e t e r m i n i n g  t h e  

c o r r e l a t i o n s  b e t w e e n  each o f  t h e  w e i g h t  v a r i a t e s  a t  

e a c h  h o s t  a q e ,  



4.3 RESULTS AND DISCUSSION 

4.3 .1  A d j u s t m e n t  f a c t o r s  for i n c o m p l e t a  m u m m i s s  

The r e l a t i o n s h i ~ s  b e t w e e n  t h e  w e i g h t  o f  a mummy 

a n d  t h s  w e i q h t  of i t s  a p h i d  a p p e n d 3 q ~ s  a n d  sclosion l i d  

a r e  p r e s s n t s d  i n  F i g .  2. C a r e f u l .  h a n d l i n g  of t h e  

muinmy, e s p e c i a l l y  when r s m o v i n g  i t  f r o m  t h e  p l a n t  

s u r f a c e ,  r e s u l t e d  i n  a l l  a p h i d  a p p e n d a g e s  r e m a i n i n q  

a t t a c h e d  t o  t h e  mummy p r i o r  t o  e c l o s i o n .  T h u s ,  t h e r s  was 

n o  r e e d  t o  a d j u s t  t h s  pupa  w e i q h t s  f o r  m i s s i n g  mummy 

p a r t s .  T h e  movement of the a d u l t  p a r a s i t e  i n s i d e  t h n  

g e l a t i n  c a p s u l e  a f t e r  e c l o s i o n  f r e q u s n t l y  r e s u l t e d  i n  

a p h i d  a p p e n d a g e s  being b r o k e n  f r o m  t h e  summy. T h e  

emergenca l i d  f r e q u e n t l y  became d e t a c h 3 d  f r o m  t h e  mumiuy 

e i t h e r  by t h e  p a r a s i t e  c h e w i n g  an e n t i r e  c i r c l a  with 

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

b r e a k i n q  t h e  s h c r t  a t t a c h m e n t  s e c t i o n  e i t h e r  d u r i n q  t h e  

e c l o s i o n  process o r  d u r i n g  the p o s t - e c l o s i o n  a c t i v i t y  

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

t o  adjust t h e  w e i g h t s  of t h e  i n c o m ~ l e t s  m u m m i e s  f o r  t h e  

w e i q h t s  o f  t h e i r  m i s s i n g  p a r t s  s i n c e  the weights o f  

t h e s e  m i s s i n g  p a r t s  u e r s  not t r i v i a l  when c o m p a r e d  t o  

t h e  s t a n d a r d  d e v i a t i o n  of  t h e  mumnp w e i g h t s .  

4.3.2 P a r a s i t a  w e i g h t  v a r i a n c e  a n a l y s i s :  r e s u l t s  

T a b l e s  5 a n d  6 present t h e  4-way (sex, h o s t  a g P ,  

e x p e r i m e n t  number,  c a g e  number )  p a r t i a l l y  h i e r a r c h a l  



Figure 2, ~ a l a t i o n s h i p  between the w e i g h t  of a mummy and 
t h e  w e i g h t  of its v a r i o u s  appendages and emergence l i d ,  
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A M O V A  o f  _A, s m i t h i  p u p a  w e i g h t  and  mummy w e i g h t  

r e s p e c t i v e l y .  T a b l e  7 p r a s e n t s  t h e  3-way (sex, h o s t  

a g e ,  c a g e  number )  p a r t i a l l y  h i e r a r c h a l  A N O V A  o f  

A ,  s m i t h i  a d u l t  w e i g h t .  T h e s e  A N O V A  t a b l e s  a r a  - 
i n t e r p r e t e d  a s  f o l l o w s :  

- f l e a r i n g  t h e  p a r a s i t e s  i n  more t h a n  o n e  cage 

( f a c t o r  D) r e s u l t e d  i n  a s i g n i f i c a n t  a d d i t i o n a l  

v a r i a n c e  c o m p o n e n t  i n  a l l  t h r e e  w e i g h t  v a r i a t s s .  

- The r e l a t i o n s h i p  b e t w e e n  t h e  s e x a s  d e p e n d s  upon 

t h e  c a g e  n u ~ b e r  ( A D  i n t e r a c t i o n )  i n  t h e  a d u l t s ,  

b u t  n o t  i n  t h e  p u p a e  o r  muamies .  

- T h e r e  a a y  be  a n  i n t e r a c t i o n  b e t w e e n  t h e  s e x ,  t h o  

h o s t  a g e  a n d  t h e  e x p e r i m e n t  number  (ABC 

i n t e r a c t i o n )  i n  p u p a  w e i q h t  a n d  mummy w e i q h t  

( t h e  v a r i a n c e  r a t i o  is t o o  close t o  t h e  c r i t i c a l  

F f o r  a n  a c c u r a t e  i n t e r p r s t a t i o n )  . 
- The r e l a t i o n s h i p  b e t w e e n  t h e  h o s t  a g e s  i s  

r e p r o d u c i b l e  ( B C  i n t e r a c t i o n )  i n  Fupa v e i g h t  

a n d  mummy w e i g h t .  

- T h e  r e l a t i o n s h i p  k e t v e e n  t h e  s e x e s  is 

r e p r o d u c i b l e  ( A C  i n t e r a c t i o n )  i n  pupa  w t i g h t  

a n d  mummy w e i g h t .  

- D u p l i c a t i n g  t h e  o x p e r i m e n t  ( f a c t o r  C) d i d  n o t  

r e s u l t  i n  a n  a d d i t i o n a l  v a r i a n c e  c o m p o n e n t  i n  

pupa  w e i g h t  or mummy w e i g h t ,  
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- T h e  relations hi^ b e t w e e n  the s e x e s  d o e s  n o t  

d e p e n d  upon t h e  age of t h e  h o s t  ( A B  i n t e r a c t i o n )  

i n  a n y  o f  t h e  t h r e e  w e i g h t  v a r i a t e s .  

- P a r a s i t s s  r ea red  on d i f f e r e n t  a g e s  o f  h o s t  a p h i d  

( f a c t o r  B) a r e  s i q n i f i c a n t l y  d i f f e r e n t  i n  a 1 1  

three w e i g h t  va r la tes ,  

- F e m a l e s  are s i g n i f i c a n t l y  h e a v i e r  t h a n  m a l e s  

( f a c to r  A )  i n  a l l  t h r e e  w e i g h t  v a r i a t e s .  

I n i t i a l  a n a l y s i s  o f  t h e  s e x  f a c t o r  ( f a c t o r  A )  

r e v e a l e d  d i f f e r e n c e s  i n  t h e  s e x e s  i n  a d u l t  w e i g h t  

( T a b l e  7 ) ,  b u t  n o t  i n  pupa  w e i g h t  (Table 5) o r  m u m m y  

w e i g h t  ( T a b l e  6)  . T h e  P - t e s t  f o r  pupa  v e i g h t  a n d  mummy 

w e i g h t  is n o t  vary p o w e r f u l  d u e  t o  the AC i n t a r a c t i o n  

d e n o n i n a t o r .  D e n o m i n a t o r s  c o n s i s t i n g  of i n t e r a c t i o n s  

b e t w e e n  r a n d o m  a n d  f i x e d  fac tc rs  a n d  h a v i n g  low deqrees 

o f  f r e e d o m  c a n n o t  y i e l d  p o w e r f u l  P - t e s t s .  A more 

p o w e r f u l  d e n o m i n a t o r  c a n  be o b t a i n e d  b y  d r o p p i n q  

n o n - s i g n i f  i c a n t  e x p e c t e d  mean s q u a r e  terms f r o m  t h e  

model a n d  p o o l i n g  their mean s q u a r e s  ( w e i q h t e d  b y  t h e i r  

degrees of freedom) ( H e r  7 ) .  U s i n g  t h i s  p r o c e d u r e  

f o r  b o t h  pupa w e i g h t  a n d  mummy w e i g h t ,  t h e  nd:, term 

d r o p s  o u t  of th2 m o d e l  f t h e  A D  i n t e r a c t i o n  i s  

n o n s i g n i f i c a n t ) .  T h e  e x p e c t e d  mean s q u a r e  f o r  t h e  s e x  

2 f a c t o r  b e c o m e s  a:,+nqrsa, w h e r e  i s  t h e  p o o l e d  weighted  

mean s q u a r e .  T h e  a p p r o p r i a t e  d e n o m i n a t o r  mean s q u a r e  f o r  



t h e  F - t e s t  becomes  2398  f o r  pupa  w e i q h t  a n d  79.6  f o r  

mummy w e i q h t ,  each w i t h  1099  degrees o f  f r e e d o m .  The 

F - r a t i o s  a r e  16 .11  ( p u p a  w e i g h t )  a n d  62 .54  (mummy 

w e i g h t ) ,  b o t h  o f  w h i c h  a r e  h i g h l y  s i g n i f i c a n t .  T h u s ,  

f anale p a r a s i t e s  a r e  s i g n i f i c a n t l y  h e a v i e r  t h a n  m a l e  

p a r a s i t e s  i n  a l l  t h r a e  w a i q h t  v a r i a t s s .  

F i q s .  3, 4  a n d  5 show t h e  r e l a t i o n s h i p  b e t w e e n  t h e  

d r y  v e i q h t  of t h e  h o s t  a p h i d  a t  o v i p o s i t i o n  a n d  t h e  

pupa w e i g h t ,  mumlay w e i g h t  a n d  a d u l t  weight o f  t h e  

p a r a s i t e  r e s p e c t i v e l y .  T h e r s  a re  s e v e r a l  r e a s o n s  u h y  

h o s t  d r y  w e i q h t  a t  o v i p o s i t i o n  was c h o s e n  f o r  t h e  

i n d e p e n d e n t  axis r a t h e r  t h a n  h o s t  a g e  a t  o v i p o s i t i o n .  

Host d r y  w e i g h t  a t  o v i p o s i t i o n  is more i n d i c a t i v e  o f  

t h e  q u a n t i t y  o f  f o o d  a v a i l a b l e  f o r  the p a r a s i t s ,  

U i t h i n  limits, h o s t  d r y  w e i g h t  w i l l  b e  a f u n c t i o n  cf 

t h e  p h y s i o l o g i c a l  a g e  o f  t h e  h o s t .  A l t h o n g h  t h s  

r e l a t i o n s h i p s  i n  F i q s  3, 4 a n d  5 a r e  c s r t a i n l y  n o t  

a p p l i c a b l e  t o  a p h i d s  r e a r e d  u n d e r  e x t r e m e  e n v i r o n m e n t s ,  

they s h o u l d  be v a l i d  f o r  a p h i d s  raared u n d e r  

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

i n  t h i s  e x p e r i m e n t ,  s u c h  a s  t e m p e r a t u r e s  o f  1 8 " ~  o r  

2 2 ' ~ .  T h u s ,  h o s t  d r y  w e i q h t  a t  o v i p o s i t i o n  i s  less 

r e s t r i c t i v e  w i t h  r e s p e c t  t o  t h e  e n v i r o n m e n t a l  

c o n d i t i o n s  under which  t h e  h o s t  were r e a r a d .  T h e  

r e l a t i o n s h i p  b e t w e e n  a p h i d  a g e  a n d  a p h i d  d r y  w + i q h t  



Figure  3 .  Re la t ionship  between h o s t  d r y  weight a t  
o v i p o s i t i o n  ( y q )  and male and female Aphidius s m i t h i  pupa 
wet w e i q h t  ( q g )  n i n e  d a y s  a f t e r  o v i p o s i t i o n .  





P i q u r e  4. R e l a t i o n s h i p  between host d r y  w e i g h t  a t  
o v i p o s i t i o n  ( y g )  a n d  male and female A p h i d i u s  s m i t h i  
vacated m u m m y  weight (yq). 





Piqure  5 .  B e l a t i o n s h i p  between hos t  d r y  v a i g h t  a t  
o v i p o s i t i o n  (yg) and male and f eaa la  A p h i d i u s  s m i t h i  
adult d r y  we igh t  (yg) a f t s r  desiccation. 





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

p a r a m e t e r s .  T h i s  r e l a t i o n s h i p ,  f o r  t h e  p a r a m e t e r s  u s e d  

i n  this e x p e r i m e n t ,  is shown i n  F i q .  6 ( d a t a  o b t a i n e d  

by w e i g h i n g  a s a m p l e  of  host a p h i d s  f r o m  e a c h  

o v i p o s i t i o n a l  s e s s i o n )  . 
T h e  mean p a r a s i t e  w e i g h t s  in P i q s .  3, 4  a n d  5 were 

o b t a i n e d  by p o o l i n g  o v e r  caqe number  a n d  e x p e r i m e n t  

number  f o r  e a c h  of the h o s t  age  g r o u p s .  P o o l i n g  o v e r  

e x p e r i m e n t  number  i s  j u s t i f i a b l e  s i n c e  t h e  v a r i a n c e  

c o m p o n e n t  d u e  t o  m u l t i p l e  e x p e r i m e n t s  was n o t  

s i g n i f i c a n t  ( f a c t o r  C i n  Tables 5 a n d  6 )  . P o o l i n g  over 

c a g e  number ,  s o e n  t h o u g h  t h e  m u l t i p l e  c a g e  v a r i a n c e  

c o m p o n e n t  was s i g n i f i c a n t  ( f a c t o r  D i n  T a b l e s  5, 6 a n d  

7) i s  j u s t i f i a b l e  s i n c s  t h i s  r andom v a r i a n c e  c o m p o n e n t  

can be c o n s i d e r e d  a s  p a r t  of t h e  e x p e r i m e n t a l  error.  

T h e  r e g r e s s i o n  l i n a s  i n  F igs .  3, 4 a n d  5 were 

c a l c u l a t e d  usinq a n a l y s i s  of v a r i a n c e  w i t h  r e g r e s s i o n  

(Sokaf and B o b l f  1969)  o n  h o s t  w e i g h t s  between 2 5 . 8 4 q  

(=0 .5  d a y s  o l d )  a t  o v i p o s i t i o n  a n d  l 4 6 . 5 y q  (=4.0 d a y s  

o l d )  a t  o v i p o s i t i o n .  T h e  r e g r e s s i o n  t a b l e s  a r e  

p r e s e n t e d  i n  T a b l e  8 f o r  p u p a  r e i g h t ,  Table 9 for nuamy 

w e i g h t  a n d  T a b l e  10  f o r  a d u l t  u e i g h t .  T h e  r e g r e s s i o n  

s t a t i s t i c s  a re  p r e s e n t e d  i n  T a b l e  11,  T h e  o b v i o u s  

e f f e c t s  of  h o s t  a g e  a n d  s e x  i n  P i g s ,  3, 4 a n d  5 s u p p o r t  

t h e  s t a t i s t i c a l  s i g n i f i c a n c a  o f  t h e  h o s t  age a n d  s e x  



Figure  6 ,  T h e  r e l a t i o n s h i p  b e t w e e n  a g e  and d r y  weight 
i n  t h e  pea a p h i d ,  A c y r t h o s i p h o n  p i s u m ,  reared u n d e r  thi! 
environmental c o n d i t i o n s  of  t h e  study. 





T a b l e  8 An a n a l y s i s  o f  v a r i a n c e  o f  ~ p h i d i u s  s t n i t h i  
pupa  weight (yg)  regressed on h o s t  we igh t  ( 4 g )  
a t  o v i p o s i t i o n  for h o s t s  be tween  25.849 
(0.5 d a y s )  and  146.5qq (4.0 d a y s ) .  A )  Males. 

B )  Females ,  

A )  

S o u r c e  o f  
v a r i a t i o n  DP SS as P 

Among h o s t  $** 
weight groups 7 11454460 1636352 137.52 

L i n e a r  * ** 
r e q r e s s i o n  1 10852870 10852870 108.24 

D e v i a t i o n s  f rom $** 
r e g r e s s i o n  6 601 594 100266 8 . 4 3  

E r r o r  519 6175488 11899 

B) 

S0urC8 of 
v a r i a t i o n  DF SS LIS F 

Among host $ ** 
w e i g h t  g r o u p s  7 76665408 1095058 69.87 

L i n e a r  *** 
r e g r e s s i o n  1 7249 152 7243 152 104.49 

D e v i a t i o n s  f rom * $* 
regression 6 4 16255 69 376 4.43 

Error 280 4388096 15672 



T a b l e  9 An a n a l y s i s  of v a r i a n c e  of  A p h i d i u s  s n i t h i  
mummy w e i g h t  ( y g )  r e g r e s s e d  on h o s t  w e i g h t  (ug)  
a t  o v i p o s i t i o n  for h o s t s  between 25.849 
( 0 . 5  days )  and 1 4 6 . 5 ~ g  (4.0 days) .  A) IYales. 
B) Females. 

A )  

S o u r c e  of 
v a r i a t i o n  DP SS ns P 

Aaoag hos t * ** 
w e i g h t  g r o u p s  7 452493 64642 181.74 

L i n e a r  *+* 
r e g r e s s i o n  1 440503 440503 220.Q4 

D e v i a t i o n s  f ron *a*  
regression 6 11990 1998 5 .62 

Error 519 184596 356 

S o u r c e  of 
v a r i a t i o n  DP SS ns P 

Among h o s t  * *sr 
w e i g h t  g r o u p s  7 335801 47972 106.39 

L i n e a r  *** 
r e g r e s s i o n  1 323 122 323322 152.31 

D e v i a t i o n s  f ror * ** 
r e g r e s s i o n  6 12679 23 13 4.69 

Error 28 0 126257 451 



T a b l e  10 An a n a l y s i s  of  variance o f  A p h i d i u s  snithi 
a d u l t  weight ( q g )  regressed on h o s t  w e i g h t  ( 4 g )  
a t  o v i p o s i t i o n  for h o s t s  between 25.8yq 
( 0 . 5  d a y s )  and 1 4 6 . 5 ~ q  (4.0 days) .  A )  Hales .  
B) Pemales .  

A 1 

Source of 
v a r i a t i o n  DF SS H S  F 

Among hos t * ** 
w e i g h t  g r o u p s  7 56'342 8 1 3 5  7U.57 

L i n e a r  * ** 
r e g r e s s i o n  1 54972  54972  167 .40  

D e v i a t i o n s  f roa *$* 
r e g r e s s i o n  6 1970 328 3 ,OI 

Error 2 5 2  2 7 4 8 8  109 

S o u r c e  o f  
v a r i a t i o n  DE' SS ns F 

Afaong h o s t  * *$ 

weight  g r o u p s  7 50323 7 1 8 9  3 9 . 0 0  

L i n e a r  *** 
r e g r e s s i o n  1 48523 48523 1 6 1 . 7 4  

D e v i a t i o n s  fro& n.s. 
reqression 6 1800 300 1 , 6 3  

Error 16 3 30047 184 

n , s ,  not  s i g n i f i c a n t ;  *** p<0.001 
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p r o p o r t i o n  of t h e  v a r i a t i o n  i n  p u p a  w e i q h t ,  mummy 

weiqht a n d  a d u l t  w e i g h t  ( T a b l e s  8 ,  9 a n d  10) i n  both 

males a n d  f e m a l e s  i n  h o s t s  b e t w e e n  25 .849  ( = 0 , 5  d a y s  

o l d )  a t  o v i p o s i t i o n  a n d  146.5qq ( = 4 . 0  d a y s  o l d )  a t  

o v i p o s i t i o n .  U n f o r t u n a t e l y ,  except for a d u l t  W J  i g h t  i n  

the f e m a l e s  (Table IOB), t h e r e  i s  a l s o  v e r y  s i g n i f i c a n t  

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

from P i g s ,  3, 4 a n d  5. 

L i n e a r  r e g r e s s i o n  d i d  n o t  r e m o v e  a s i g n i f i c a n t  

p r o p o r t i o n  o f  t h e  v a r i a t i o n  i n  p u p a  w e i g h t ,  mummy 

w e i q h t  o r  a d u l t  w s i g h t  i n  e i t h e r  n a b s  o r  femalss i n  

h o s t s  b e t w e e n  1 4 6 . 5 ~ g  (=4.O d a y s  o l d )  at, o v i p o s i t i o n  

a n d  282.9qq (=6.0 d a y s  o l d )  a t  o v i p o s i t i o n  ( a n a l y s i s  

n o t  p r e s e n t e d ) .  

4 . 3 . 3  P a r a s i t e  w e i q h t  v a r i a n c e  a n a l y s i s :  d i s c u s s i o n  

The a d d i t i o n a l  v a r i a n c e  c o m p o n e n t  c a u s e d  by 

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

caqe n u m b e r  s o u r c e  of v a r i a t i o n  i n  T a b l e s  5, 6 a n d  7) 

is a s e r i o u s  s o u r c e  o f  e x p e r i m e n t a l  e r r o r  i n  t h i s  

e x p e r i m e n t a l  s y s t s a .  The p a r a s i t i z e d  a p h i d s  werl 

r a n d o m l y  p l a c e d  i n t o  t h e  f o u r  cages i n  e a c h  

o v i p o s l t i o n a l  s e s s i o n .  T h e  only p o s s i b l e  d i f f e r ~ n c e s  

b e t  ween t h e  c a q e s  a r e  m i n o r  e n v i r o n m o n t a l  d i f f e r e n c e s ,  



s u c h  a s  h o s t  p l a n t  q u a l i t y ,  t e m p e r a t u r a ,  h u m i d i t y  a  

leva1 o f  c r o w d i n g .  It i s  well known t h a t  t h e  w e i g h t  o f  

an  a d u l t  insect is d e p e n d e n t  upon t h e  e n v i r o n m e n t  i t  

e x p e r i e n c e s  d u r i n g  its d e v e l o p m e n t  (Chapman 1 3 6 9 ) .  T h e  

w e i g h t  of t h e  h o s t  a p h i d  u s e d  i n  t h e s e  s x p e r i m e n t s  i s  

known t o  be a f f e c t e d  b y  t e m p e r a t u r e  a n d  c r o w d i n g  

( M u r d i e  1 9 6 3 ) .  I n  t h i s  analysis, t h i s  v a r i a n c e  

c o m p o n e n t  was r e m o v e d  by r e p l i c a t i o n  over c a g z s ,  b u t  i t  

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

t h e  s u b s e q u e n t  e x p e r i a e n t s .  I n  C h a p t e r s  5 a n d  u a l l  the 

o f f s p r i n g  of a s i n g l e  f e n a l e  were reared i n  t h e  same 

c a g e .  B e c a u s e  of t h i s  s i g n i f i c a n t  c a g s  number  v a r i a n c e  

c o m p o n e n t ,  the d i f f e r e n c e  b e t w e e n  c a g e s  c a n n o t  b e  

a t t r i b u t e d  to g e n e t i c  f a c t o r s  a l o n e .  T h i s  h a s  c a r t a i n l y  

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

( C h a p t e r  6 ) .  ~ d d i t i o n a l  r e s e a r c h  o n  t h e  e f fec t  o f  

e n v i r o n m a n t a l  p a r a a e t e r s  o n  p a r a s i t e  w e i g h t  would  b e  

i n f o r m a t i v e .  

The s i g n i f i c a n t  s e n - c a g e  number  i n t e r a c t i o n  i n  

a d u l t  w e i g h t  (Tab le  7) i n d i c a t e s  t h a t  a n v i r o n m e n t a l  

d i f f e r e n c e s  b e t w e e n  c a g e s  a f f e c t  male a n d  f e a a l s  a d u l t  

w e i g h t s  d i f f e r e n t l y .  W i t h  t h e  p r e s e n t  d a t a ,  thare is n o  

way of  d e t e r m i n i n g  w h i c h  e n v i r o n m e n t a l  f a c t o r  i s )  may  

h a v e  c a u s e d  t h e  i n t e r a c t i o n  s i n c e  c a g e  numDer i s  a  

r andom factor .  T h e r e  i s  a p o s s i b i l i t y  t h a t  t h i s  



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

v a r i a n c e  a r e  n o t  i n d e p e n d e n t  ( G i l b e r t  1973,  M i n e r  

'1971) . B o r e  e x t e n s i v e  d a t a  w i t h  f i x s d  o r t h o q o n a l  

e n v i r o n m e n t a l  f a c t o r s  a r e  needed f o r  a p r e c i s a  

i n t e r p r e t a t i o n .  

The  s i z e  d i f f e r e n c e  b e t w e e n  t h e  t w o  s e x e s  i s  

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

f u n c t i o n s  of malo,s and f e m a l e s .  P r i c e  ( 1 9 7 2 )  s i m i l a r l y  

o b s e r v e d  l a r g e r  females t h a n  males i n  two I c h n e u m o n i d  

p a r a s i t o i d s  of N e o d i p r i o n  s u a i n e i .  B e c a u s e  of t h e i r  

l a r g e r  s i z e ,  f e m a l e  l a r v s e  a a y  r e q u i r e  sore f o o d  fcr 

d e v e l o p m e n t  t h a n  male l a r v a e .  

D e f i n i t e  t r e n d s  a r e  a p p a r e n t  i n  t h e  r e l a t i o n s h i p s  

b e t w e e n  h o s t  w e i g h t  a t  o v i p o s i t i o n  a n d  p a r a s i t e  we i q h t  

( P i q s .  3, 4  a n d  5 ) .  I n c r e a s + s  i n  t h e  w e i g h t  o f  t h e  h o s t  

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

i n  t h e  veight of t h e  p a r a s i t s  s a e r g i n q  f r o m  t h o  a p h i d  

u p  t o  a host w e i g h t  o f  146 .5qq.  L i n e a r  r e g r e s s i o n  

r e m o v e d  a vgry  s i g n i f i c a n t  p r o p o r t i o n  of t h e  v a r i a t i o n  

i n  p a r a s i t e  w e i g h t  f r o m  these l i q b t a r  h o s t s  (Tables 8, 

9 a n d  l o ) .  Further i n c r e a s e s  i n  t h e  w e i g h t  o f  t h e  h o s t  

a p h i d  b a y o n d  1 4 6 . 5 ~ g  a t  o v i p o s i t i o n  d i d  n o t  r s s u l t  i n  

f u r t h e r  i n c r e a s e s  i n  t h e  w e i g h t  o f  t h e  p a r a s i t e  

e m e r g i n g  f r o a  the a p h i d .  



After o v i p o s i t i o n ,  the h o s t  a p h i d  w i l l  c o n t i n u e  t o  

f e e d  a n d  d e v e l o p  f o r  5 o r  6 d a y s  b e f o r e  b e i n g  k i l l e d  b y  

t h e  p a r a s i t e  l a r v a  ( C l o u t i e r  1978) .  T h e  q u a n t i t y  o f  

f o o d  a v a i l a b l e  for  t h e  d a v e l o p l n q  p a r a s i t s  w i l l  depend 

upon t h e  s i z e  o f  t h e  h o s t  a p h i d  d u r i n g  p a r a s i t e  

d e v e l c p m e n t ,  w h i c h  i n  t u r n  is l a r g e l y  d e p e n d e n t  u p o n  

t h e  a g e  o r  w e i g h t  of t h e  h o s t  a p h i d  a t  o v i p o s i t i o n .  The 

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

a p h i d s  less t h a n  a p p r o x i m a t e l y  146yg i n  w e i g h t  a t  

o v i p o s i t i o n ,  g r o w t h  a n d  w e i q h t  i n  t h e  p a r a s i t e  m i l l  b e  

l i m i t e d  b y  t h e  a m o u n t  o f  f o o d  a v a i l a b l e  i n  t h e  h o s t  

a p h i d ,  Ia t h e s e  smal l  h o s t s ,  p a r a s i t e  g r o w t h  i s  

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

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

t h e  p a r a s i t e  l a r v a .  P e r h a p s  certain p o i n t s  a r e  m o r e  

c r i t i c a l  t h a n  o t h e r s .  A p h i d - p a r a s i t e  b i o e n e r g e t i c s  h a s  

b e e n  e x a a i n e d  ( C l o u t i e r  1978), b u t  b e c a u s e  of t h e  

b i o l o q i c a l  n a t u r e  of t h e  food s o u r c e ,  i t  is n o t  

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

e a c h  s t a g e  d u r i n g  para s i t e  d e v e l o p m e n t .  V a l u a b l e  

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

rear t h e  p a r a s i t e  w i t h i n  a s y n t h e t i c  d i e t .  

A p a r a s i t e  l a r v a  o v i p o s i t e d  i n t o  a small h o s t  

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

s t i m u l a t i n g  h o s t  f e e d i n g  o r  by  p o s t p o n i n g  t h e  t i m e  a t  



w h i c h  t h s  h o s t  is k i l l e d .  C l o u t i e r  ( 3  978) o b s e r v e d  

h i g h e r  f e e d i n g  r a t e s  i n  t h e  p a r a s i t i z e d  a p h i d s  t h a n  i n  

u n p a r a s i t i z e d  a p h i d s .  A d e l a y  i n  k i l l i n g  t h e  h o s t  would 

r e s u l t  i n  a n  i n c r e a s e d  d e v e l o p m e n t a l  time, S m i t h  

( p u b l i s h e d  i n  n a c k a u e r  1 9 7 3 )  f o u n d  t h a t  4. s m i t h i  d i d  

t a k e  l o n g e r  t o  d e v e l o p  i n  f i rs t  i n s t a r  h o s t s  t h a n  i n  

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

p a r a s i t e  t o o k  l o n g e r  t o  d e v e l o p  i n  t h i r d  i n s t a r  h o s t s  

t h a n  i n  s e c o n d  i n s t a r  h o s t s .  P e r h a p s  d e l a y s  i n  k i l l i n g  

t h e  h o s t  o n l y  o c c u r  w i t h  v e r y  smal l  h o s t  a p h i d s .  

P o s t p o n i n q  t h e  k i l l i n g  o f  t h e  h o s t  may n o t  b e  a common 

phenomenon s i n c e  f i t n e s s  g a i n e d  b y  i n c r e a s i n q  s i z e  may 

b e  l o s t  b y  t h e  i n c r e a s e d  d e v e l o p m e n t a l  time. 

U n f o r t u n a t e l y  it was n o t  p o s s i b l e  t o  r e c o r d  

d e v e l  c p a e n t a l  time i n  t h e  e x p e r i m e n t s  p r e s e n t e d  i n  t h i s  

c h a p t e r ,  

There are s e v e r a l  p o s s i b l e  r e a s o n s  f o r  t h e  

l e v e l l i n q  off o f  p a r a s i t e  w e i g h t s  i n  h o s t s  h e a v i e r  t h a n  

lQ6 .54g  a t  o v i p o s i t i o n .  H e a v i e r  h o s t s  n a y  n o t  p r o v i d a  

a n  increase i n  t h e  q u a n t i t y  o f  f o o d  a v a i l a b l e  t o  t h e  

p a r a s i t e  l a r v a  s i n c e  t h e s e  h e a v i e r  a p h i d s  h a v e  r e a c h e d  

t h e i r  f u l l  g r o w t h  c a p a c i t y  b e f o r e  p a r a s i t s  

a u m m i f i c a t i o n ,  a n d  s i n c e  much of t h e  n u t r i e n t  b u i l d u p  

i n  t h e s e  h e a v i e r  a p h i d s  is b e i n q  u s e d  f o r  a p h i d  

r e p r o d u c t i o n .  T h e r e  may  a l s o  be  a g e n e t i c a l l y  



d e t e r a i n s d  w e i q h t  l i m i t  i n  4. s m i t h i .  H e a v i e r  p a r a s i t e  

l a r v a  may b e  p h y s i c a l l y  t o o  l a r q e  t o  d 2 v e l o p  i n s i d e  a n  

a p h i d  w i t h o u t  d e s t r o y i n g  o r  i n t e r f e r i n q  w i t h  a p h i d  

t i s s u a  e s s e n t i a l  f o r  a p h i d  f e e d i n g .  T h e  h e t e r o q e n z i t y  

of the p a r a s i t e  w e i g h t s  i n  t h e s e  h e a v i e r  h o s t  a p h i d s  

may b e  c a u s e d  by c r o w d i n g  from t h e  o f f s p r i n g  p r o d u c e d  

by  t h e s s  a p h i d s  b e f o r e  they mummify, or i t  may b e  

c a u s e d  by h e t e r o g e n e i t y  i n  some o t h e r  a n v i r o n m e n t a l  o r  

q e n e t i c  f a c to r .  

Since n a t u r a l  p o p u l a t i o n s  c o n t a i n  u n p a r a s i t i z e d  

a p h i d s  o f  a l l  w e i g h t s ,  a n d  s i n c e  p a r a s i t e  w e i g h t  is 

q r e a t l y  i n f l u e n c e d  by t h e  w s i g h t  o f  t h a  h o s t  a p h i d  a t  

o v i p o s i t i o n ,  h o s t  a p h i d  w s i q h t  v a r i a t i o n  i s  a  

s i g n i f i c a n t  c a u s e  o f  p a r a s i t e  w e i g h t  v a r i a t i o n  i n  

n a t u r a l  p o p u l a t i o n s .  M o r e o v e r ,  w i t h  k n o w l e d g e  o f  a p h i d  

a g e  s t r u c t u r e s  i n  n a t u r a l  p o p u l a t i o n s  it may b e  

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

from t h e  d i s t r i b u t i o n s  o f  p a r a s i t e  w e i g h t s  f o u n d  i n  

these n a t u r a l  p o p u l a t i o n s .  

4 . 3 . 4  R e l a t i o n s h i p s  b e t w e e n  t& a p p r o a c h e s  to m e a s u r i n q  

w e i q h t  

I n  t h i s  c h a p t e r ,  t h e  weight o f  each  i n d i v i d u a l  

p a r a s i t e  was m e a s u r e d  u s i n g  t h r e e  d i f f e r e n t  a p p r o a c h a s ,  

n a m e l y  w e i g h i n g  the p u p a ,  w e i g h i n g  the mummy a n d  

veiqhing t h e  a d u l t ,  It  was p r o p o s e d ,  i n  C h a p t e r  3, t h a t  



t h e  v a r i a t e s  o b t a i n e d  froa e a c h  a p p r o a c h  a r a  h i g h 1  y 

c o r r e l a t e d  w i t h  a h y p o t h e t i c a l  p a r a s i t e  w i g h t  v a r i a t e .  

T h i s  p r o p o s a l  was b a s e d  on d a t a  from 2-day-o ld  h o s t  

a p h i d s .  It i s  d s s i r a b l e  t o  h a v e  a m s a s n r e m e n t  t e c h n i q u e  

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

h o s t  a p h i d ,  T h u s ,  i t  was f e l t  t h a t  d a t a  s h o u l d  b e  

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

from a l a r q e r  range of h o s t  a p h i d  a q e s .  

The  c o r r e l a t i o n s  b e t w e e n  pupa ( v a t )  u a i q h t ,  aaumltly 

w e i g h t  a n d  a d u l t  ( d r y )  w e i g h t  for each host a g e  a r e  

p r e s e n t e d  i n  T a b l e  12. A l l  c o r r e l a t i o n s  a r e  h i g h l y  

s i g n i f i c a n t .  U n f o r t u n a  taly, it was  n o t  p o s s i b l e  t o  

c o r r e l a t e  t h e  v a r i a t e s  f o r  e a c h  aqe of host a p h i d  w i t h  

a m o r e  a c c u r a t e  v a r i a t e ,  s u c h  a s  wet weight 1 h o u r  

a f t e r  e c l o s i o n  since i t  was cot possible t o  Isassuro,  

t h i s  v a r i a b l e  i n  s u c h  a l a r g e  2 x p e r i m e n t .  However ,  t h e  

h i g h  c o r r e l a t i o n  b e t w e e n  t h e  v a r i a t s s  i n  a l l  h o s t  a g e s  

s u q q e s t s  t h a t  a l l  t h r e e  a p p r o a c h e s  t o  a e a s u r i n q  

p a r a s i t e  w e i q h t  c a n  be  u s e d  w i t h  h o s t  a p h i d s  r a n q i n q  i n  

a g e  f r o a  0 t o  6 d a y s .  

T h e  r e l a t i o n s h i p s  between the thrse  w e i g h t  

v a r i a t e s  is one o f  association, n o t  o f  d e p e n d e n c e .  

Thus, it i s  n o t  p o s s i b l c  t o  c o n v e r t  d a t a  f r o &  o n e  

v a r i a t e  t o  a n o t h e r .  However, b e c a u s e  of t h e  h i g h  

c o r r e l a t i o n  ( a s s o c i a t i o n )  b e t w e e n  t h e  v a r i a t e s ,  t h e  
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results of experiments i n  w h i c h  one v a r l a t e  uas  

measured can b e  e x t r a p o l a t e d  t o  the other variates. 

T h i s  is s u p p o r t e d  b y  the s i m i l a r  r e l a  t i o n s h i p s  b e t  ween 

host aqe and p a r a s i t e  w e i g h t  for  each  of  the v a r i a t e s  

( F i q s .  3 ,  4 and 5) . 



A n a l y s i s  of p a r a s i t e  w s i g h t  v a r i a n c e ,  u s i n g  p u p a  

w e i g h t  3 d a y s  a f t e r  o v i p c s i t i o n ,  e m p t y  ( v a c a t e d )  mummy 

w e i g h t  a n d  o v e n  d r i e d  a d u l t  w e i q h t ,  r e v e a l e d  t h e  

f o l l o w i n g  i n  e a c h  o f  t h e  a b o v e  v a r i a t e s  ( w i t h  

e x c e p t i o n s  a s  n o t a d )  : T h e  w e i g h t s  o f  the p a r a s i t e s  

r e s u l t i n g  f r o a  o v i p o s i t i o n  i n t o  h o s t  a p h i d s  r a n g i n q  i n  

w e i g h t  { a g e )  f r o m  2 6 4 g  (0.5 d a y s  o l d )  t o  2384q (6 .0  

d a y s  o l d )  mere f o u n d  t o  be h e t e r o g e n e o u s .  

P a r a s i t e  w e i g h t  i n c r e a s e d  a s  t h e  w e i g h t  ( a g e )  o f  t h e  

h o s t  a t  o v i p o s i t i o n  i n c r e a s e d  froa 26qg I0.5 d a y s )  t o  

1 4 6 ~ g  (4.0 d a y s ) .  F u r t h e r  i n c r e a s e s  i n  h o s t  w e i q h t  a t  

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

p a r a s i t e  w e i g h t .  Linear r e g r e s s i o n  of p a r a s i t 2  w e i g h t  

on h o s t  w e i q h t  a t  o v i p c s i t i o n  r e a o v o d  a s i g n i f i c a n t  

p r o p o r t i o n  o f  t h e  p a r a s i t e  w e i q h t  v a r i a n c e  b e t w e e n  h o s t  

w e i g h t  (age) g r o u p s  w i t h  h o s t s  b e t w e e n  2 6 ~ q  ( 0 . 5  days)  

a n d  146yg  (4.0 d a y s ) ,  b u t  t h e r e  was s i g n i f i c a n t  

h e t e r o g e n e i t y  a b o u t  t h e  r e g r e s s i o n  l i n e s  ( w i t h  t h e  

e x c e p t i o n  o f  a d u l t  w e i g h t  i n  females).  P ia le  p a r a s i t e  

w s i q h t  was f o u n d  t o  be s i g n i f i c a n t l y  less t h a n  female 

p a r a s i t e  w e i g h t .  An a d d i t i o n a l  p a r a s i t e  w e i g h t  v a r i a n c e  

c o m p o n e n t  was i n t r o d u c e d  b y  e n v i r o n m e n t a l  d i f f e r e n c e s  

b e t w e e n  c a g e s  w i t h i n  t h e  h o s t  w e i g h t  ( h o s t  a g e )  q r o u p s .  

An a d d i t i o n a l  p a r a s i t e  w e i q h t  v a r i a n c e  c o m p o n e n t  was 



not introduced by r e p e a t i n g  the e x p e r i m e n t .  S e x - c a g e  

number i n t e r a c t i o n  i n  adult weiqht was t h e  o n l y  f a c t o r  

i n t e r a c t i o n  that was s i g n i f i c a n t .  

The c o r r e l a t i o n s  b e t w e e n  pupa w e i g h t ,  m u m m y  weiqht 

and a d u l t  weight were fcund t o  be s i g n i f i c a n t  f o r  each 

sex within each h o s t  weight ( h o s t  a y e )  q r o u p .  



CHAPTER 3 

THE V A B I A T I O N  O F  PARASITE WEIGHTS I N  TOO - 
F I E L D  P O P U L A T I O N S  OF A P U  D I U S  Sf l ITBX I N  

BBITISH C O L O N B I B  

5.1  I I T R O D U C T I O N  

I n  recent y e a r s ,  npu interest has been g e n e r a t e d  

i n  s t u d i e s  o n  v a r i a t i o n  between a n d  among p o p u l a t i c n s ,  

E l e c t r o p h o r e t i c  a n d  m o r p h o m e t r i c  s t u d i a s  h a v e  

d e m o n s t r a t e d  t h a t  v a r i a t i o n  is t h e  r u l e  r a t h e r  t h a n  th2 

e x c e p t i o n  ( G o u l d  a n d  J o h n s t o n  1372) . 
The  g r z a t e s t  d i f f i c u l t y  i n  the s t u d y  of g e o g r a p h i c  

v a r i a t i o n  i s  t h e  d e t e r m i n a t i o n  of t h e  c a u s e s  of  t h e  

v a r i a t i o n  ( G o u l d  a n d  J o h n s t o n  1972) . Genetic v a r i a t i o n  

c a n n o t  be i m p l i e d  from p h e n o t y p i c  v a r i a t i o n ,  a s p e c i a l l y  

w i t h  q u a n t i t a t i v e  c h a r a c t e r s ,  One of t h e  ways t o  s t u d y  

g e o g r a p h i c  v a r i a t i o n  is  t o  m i n i m i z e  t h e  e n v i r o n m e n t a l  

c o m p o n e n t  of the p h e n o t y p i c  v a r i a t i o n  by  r e a r i n q  

individuals i n  a c o n s t  a n t  l a b o r a t o r y  e n v i r o n m e n t .  



S o k o l o f f  ( 1 9 6 5 )  a n d  S t a l k e r  and C a r s o n  ( 1 9 4 7 )  u s e d  t h i s  

a p p r o a c h  t o  s t u d y  v a r i a t i o n  i n  D r o s o p h i l a  p o p u l a t i o n s .  

S i i u i l a r  r n e t h o d o l o q y  o i l 1  be  u s e d  i n  t h i s  c h a p t e r  t o  

s t u d y  t h e  v a r i a t i o n  between f i ~ l d  p o p u l a t i o n s  of 

A.  s m i t h i .  - 
A.  s m i t h i  was o r i g i n a l l y  d e s c r i b e d  from I n d i a  b y  - 

S h a r m a  a n d  S u b b a  Rao ( 1 3 5 9 ) .  I n  1 9 5 8  b r e e d i n g  s t o c k s  of 

the p a r a s i t e  ware b r o u g h t  i n t o  the U n i t e d  S t a t s s  f o r  

mass r ea r inq  a n d  s u b s e q u e n t  release i n  the e a s t e r n  a n d  

w e s t e r n  U n i t e d  S t a t e s  f o r  t h e  b i o l o q i c a l  c o n t r o l  of t h e  

p e a  a p h i d .  1. s a i t h i  was first r e c o r d e d  i n  B r i t i s h  

C o l u m b i a  i n  1965 n e a r  C h r i s t i c a  L a k e ,  p r o b a b l y  h a v i n q  

m i g r a t e d  from release si tes i n  t h e  w e s t e r n  U n i t e d  

States ( f l a c k a u e r  a n d  P i n l a y s o n  1967). T h e  p a r a s i t e  i s  

t h o u g h t  to h a v e  s p r e a d  i n t o  the K a m l o o p s  area sometime 

between 1966 a n d  1368,  s i n c e  well e s t a b l i s h e d  

p o p u l a t i o n s  were f o u n d  i n  Kamloops  i n  1969 ( C a m p b e l l  

a n d  H a c k a u e r  1973)  . It was r e c o r d e d  n e a r  A s h c r o f t  i n  

1 9 7 1  b y  C a m p b e l l  ( 1  9 7 3 ) .  I n  t h e  K a m l o o p s - A s h c r o f t  

r e q i o n ,  e s t a b l i s h e d  p o ~ u l a t i o n s  of  4. s m i t h i  a r e  

r e s t r i c t e d  m a i n l y  t o  c o ~ m a r c i a l  a l f a l f a  f i e l d s ,  where  

t h e y  a r s  t h e  most a b u n d a n t  p r i m a r y  p a r a s i t e  o f  t h e  p e a  

a p h i d  ( C a m p b e l l  a n d  H a c k a u e r  1973) . 
I n  t h i s  c h a p t e r ,  A. s m i t h i  p o p u l a t i o n s  from 

K a o l o o p s  a n d  A s h c r o f t  a r e  e x a m i n e d  f o r  within s n d  



b e t w e e n  p o p u l a t i o n  var iat ion  i n  a d u l t  w e i q h t .  

Knowledge  g a i n e d  from t h e  s t u d y  o f  w e i g h t  var ia t ion  i n  

t h e  laboratory (Chapters 3 and 4 )  i s  u s e d  t o  

d e s c r i b e  and in terpre t  weight v a r i a t i o n  f o u n d  i n  t h e  

field p o p u l a t i o n s .  



5.2 MATERIALS BID HETHODS 

S a m p l e s  o f  mummif ied  a p h i d s  ware collected o n  

J u l y  7, 1 9 7 6   fro^ t w o  a l f a l f a  f i e l d s ,  o n e  n e a r  A s h c r o E t ,  

t B.C. a n d  t h e  o t h e r  l o c a t e d  o n  th2 g r o u n d s  of t h e  

A g r i c u l t u r e  C a n a d a  R e s e a r c h  S t a t i o n ,  Kamloops ,  B .C . The 
a l f a l f a  was m a t u r e  i n  both f i e l d s  w i t h  o v e r  50% o f  t h e  

p l a n t s  i n  b loom.  E a c h  of t h e  f i e l d s  was s q u a r e  i n  s h a p e  

a n d  a p p r o x i m a t e l y  5 acres i n  size. T h e  f i e l d s  uare 

s u b d i v i d e d  ( b y  eye) i n t o  5 p a r a l l e l  r e c t a n g u l a r  s e c t i o n s .  

A l o n g i t u d i n a l  t r a n s v e r s e  was made t h r o u g h  t h e  middle  o f  

each o f  t h e s e  s e c t i o n s ,  c o l l e c t i n g  a l l  t h e  mumaies  t h a t  

were o b s e r v e d .  A l l  s u r f a c e s  of t h e  p l a n t s  were i n s p e c t e d .  

W i t h i n  12 h o u r s  a f t e r  c o l l e c t i o n ,  t h e  mummified a p h i d s  

were p l a c e d  i n t o  g e l a t i n  c a p s u l e s ,  w h i c h  were k e p t  i n  a  

q r o w t h  c h a m b e r  a t  2 0 • ‹ ~ .  The  mummif ied  a p h i d s  

p o t e n  t i a l l y  c o n t a i n e d  o n e  of t h r e e  s p e c i e s  of p r i m a r y  

p a r a s i t e s  o r  o n e  of s e v e r a l  s p e c i e s  o f  s e c o n d a r y  p a r a s i t e s  

( C a m p b e l l  1373; n a c k a u e r  a n d  C a m p b e l l  1 9 7 2 ) .  A11 

p a r a s i t e s  b u t  4. s m i t h i  were removed  from t h e  f i e l d  

s a m p l e s  e i t h e r  i n  t h e  mumay s t aqe  ( P r a o n  p u p a t e s  

b e n e a t h  t h e  e v i s c e r a t e d  mummy) o r  upon a m a r g e n c e  ( t h e  

s e c o n d a r y  p a r a s i t e s  h a v e  a d i s t i n c t  b e h a v i o r  a n d  

m o r p h o l o g y ;  the t h o r a x  o f  A p h i d i u s  orvi is d a r k e r  t h a n  

t h a t  of 8 ,  s m i t h i ) ,  

A l a b o r a t o r y  reared P1 g e n e r a t i o n  c o n s i s t i n g  o n l y  



of m a l e s  was o b t a i n e d  f o r  e a c h  l o c a t i o n  b y  a l l o w i n g  

76 v i r g i n  female p a r a s i t e s  f r o m  K a m l o o p s  a n d  4 4  v i r q i n  

f e m a l e  p a r a s i t s s  f r o m  A s h c r o f t  t o  o v i p o s i t  i n t o  

4 8 $ - 2 . 5 - h o u r - o l d  ( s e c o n d  i n s t a r )  h o s t  a p h i d s .  T w e l v e  

p a r a s i t e s  (son13 f rom K a m l ~ o p s  a n d  some  f r o m  A s h c r o f t )  

were u s e d  i n  e a c h  of 5 o n e - h o u r  o v i p o s i t i o n a l  s e s s i o n s .  

Each  f e m a l e  was a l l o w e d  to  l a y  o n e  egg  i n t o  e a c h  o f  10 

a p h i d s ,  a n d  t h a s e  10 a p h i d s  were t r a n s f e r r e d  t o  a p l a n t  

i n  a s e p a r a t e  p l a s t i c  cage a n d  a l l o w e d  t o  d e v e l o p .  T h e  

mummies c o n t a i n i n g  t h e  d a v e l o p r n q  p a r a s i t e s  wsre 

r e m o v e d  f r o m  t h e  p l a n t  s u r f a c e  8 d a y s  a f t e r  o v i p o s i t i o n  

a n d  p l a c a d  i n t o  g e l a t i n  c a p s u l e s .  A r a n d o m  s a m p l e  of  10 

c o n t r o l  a p h i d s  was t a k e n  a t  the b e g i n n i n g  of e a c h  

o v i p o s i t i o n a l  s e s s i o n  a n d  o v e n - d r i e d  f o r  s u b s e q u e n t  

d e t s r m i n a t i o n  of t h e  mean h o s t  w a i q h t  a t  o v i p o s i t i o n .  

O f  t h e  t h r e e  p a r a s i t e  weigh t  v a r i a t e s  usad i n  t h e  

p r e v i o u s  c h a p t e r ,  o v e n - d r i e d  p a r a s i t e  w e i g h t  was t hs 

o n l y  one t h a t  was t e c h n i c a l l y  f e a s i b l e  t o  u s e  w i t h  

f i e l d - c o l l e c t e d  p a r a s i t e s .  P u p a  w e i g h t  9 d a y s  a f t e r  

o v i p o s i t i o n  c a n n o t  b e  d e t e r m i n e d  f o r  f i s l d  s a m p l e s  

s i n c e  t h e  time o f  o v i p o s i t i o n  is unknown; a l s o ,  

e n v i r o n m e n t a l  h e t e r o g e n e i t y  would  i n t r o d u c e  

c o n s i d e r a b l 2  v a r i a t i o n  i n t o  t h e  p h y s i o l o g i c a l  a q e s  of 

t h e  h o s t  a n d  p 3 r a s i t e  a t  9 d a y s  a f t e r  o v i p o s i t i o n .  

A l t h o u q h  mumny w e i g h t s  c a n  be m e a s u r e d  i n  f i e l d  



p o p u l a t i o n s ,  t h z a e  m e a s u r z m e n t s  a r e  s u b j e c t  t o  a r r o r  

s i n c e  f i e l d  mummies t e n d  t o  be  h e a v i l y  damaged,  a n d  

thus r e q u i r z  c o n s i d e r a b l e  a d j u s t m e n t  f o r  r n i s s i n q  a ~ h i d  

a p p e n d a q e s .  O v e n - d r i e d  a d u l t  w e i g h t  i s  b o t h  

i n d e p e n d e n t  o f  the time of o v i p o s i t i o n  a n d  n o t  a f f e c t e d  

by  m i s s i n g  a p h i d  a p p e n d a g e s  i n  t h e  mummy. 

T h e  f i e l d  c o l l e c t e d  p a r a s i t e s  a n d  t h e i r  F1 

o f f s p r i n g  were k e p t  i n  g e l a t i n  c a p s u l e s  u n t i l  6 - 8  d a y s  

a f t e r  d e a t h ,  when t h e y  were o v a - d r i e d  f o r  4 -5  d a y s  a n d  

weighed. T h i s  w e i g h i n g  p r o c e d u r e  i s  i d e n t i c a l  to t h a t  

u s e d  f o r  d e t e r m i n i n g  a d u l t  w e i g h t s  i n  C h a p t e r  4. 

T h e  v a r i a n c e  of a d u l t  w e i g h t s  in the F1 males  

( p r o d u c e d  k y  f e m a l e s  from t h e  two field p o p u l a t i o n s )  

was a n a l y z e d  u s i n q  a 2-way n e s t e d  A N O V A .  The model usad 

where :  
- 
AB.. 

L~ 
= t h e  a e a n  w e i g h t  i n  c e l l  i j 

4 = t h e  p a r a m e t r i c  g r a n d  a a a n  

Q , = t h e  e f f e c t  o f  l o c a t i o n  ( i . e .  Kamloops  vs .  

A s h c r o f  t) 

~ ; I . I  = t h e  e f f e c t  of the cage ( s i n c e  t h e  offspring 

f r o m  e a c h  p a r s n t  were p l a c e d  i n t o  s e p a r a t *  

c a g e s ,  t h i s  is t h e  mean e f f e c t  o f  t h e  parent 

p l u s  t h e  e f f e c t  of t h e  u n i q u e  e n v i r c n m e n t  



in each caqe) 
- 
C i J  = t h e  mean experimental  error in c e l l  ij 



5 .3  RESULTS E D  DISCUSSION 

T h e  A s h c r o f t  s a m p l e  i n c l u d e d  3 4 6  mummies, f r o m  

w h i c h  103  f e m a l e  a n d  7 7  m a l e  4 .  s m i t h i  amerged. T h e  

K a m l o o p s  s a m p l 3  i n c l u d e d  138 mumuiies,  f r o m  which  3 5  

f e m a l e  a n d  2 5  ma le  4, s m i t h i  emerged.  D e s c r i p t i v e  

s t a t i s t i c s  of t h e  a d u l t  w e i g h t s  from t h e m  p o p u l a t i o n s  

are p r e s e n t e d  i n  Tab l e  13, One-way A N O V A  o n  t h e  f i e l d  

s a m p l e s  s h o w e d  a s i g a i  f i c a n t  d i f  ferencs b e t w e e n  

A s h c r o f t  a n d  Ka ta loops  male ueiqht (P= 15 .2 ,  p < 0 . 0 0 1 )  a n d  

f e m a l e  w e i g h t  (P=14.7, p<O.OOl). T h u s ,  t h e r e  is  

g e o g r a p h i c  v a r i a t i o n  i n  w e i g h t  b e t w e e n  the A s h c r o f t  a n d  

Kamloops  p o p u l a t i o n s .  

D e s c r i p t i v e  s t a t i s t i c s  o f  t h e  l a b o r a t o r y - r a a r e d  

male o f f s p r i n g  of  t h e  f i e l d  c o l l e c t e d  f e m a l e s  a re  a l s o  

p r e s e n t e d  i n  T a b l a  13. The  mean w e i g h t  (2S.E.) of t h e  

a p h i d s  u s e d  a s  h o s t s  f o r  t h s s e  male o f f s p r i n g  was 

69 .541.0yq.  U s i n g  t h e  r e g r e s s i o n  e q u a t i o n  f r o m  T a b l s  11, 

t h e  95% c o n f i d e n c e  limits o n  mean male p a r a s i t e  w e i g h t  

from t h i s  w e i g h t  of h o s t  a p h i d  a r e  103 .3yq  a n d  1 2 0 . 9 ~ ~ ;  

male o f f s p r i n g  w e i g h t s  i n  T a b 1 2  1 3  a re  w i t h i n  t h e s z  

c o n f i d e n c e  limits. 

The  2-way n e s t e d  ANOVA o n  t h e  PI males f r o m  t h e  

f i e l d  c o l l e c t e d  p a r a s i t e s  ( T a b l e  1U) i n d i c a t e s  t h a t  t h a  

male w e i g h t s  from t h e  t w o  p o p u l a t i o n s  a r e  s t a t i s t i c a l l y  

i n d i s t i n g u i s h a b l e  when reared i n  a c o n s t a n t  l a b o r a t o r y  



b l e  13 D e s c r i p t i v e  s t a t i s t i c s  on adult d r y  we ight  
(yg) of a p h i d i u s  s n i t h i .  A) Field sample s  
c o l l e c t e d  in Ashcrof t and Ka mloops. 
8 )  Hale of • ’ spr ing  from field sample s  collected 
in A s h c r o f t  and  Kamloops. 

p o p u l a t i o n  Sex N Mean S D E e  Hadian C. V. 

A )  A s h c r o f t  M 7 7  1 1 0 , 0 0 2 . 8 0  108.00 22.2 

A s h c r o f t  P 103 127.93 2 .54  123.00 2 0 , 2  

Karnloops H 2 5  88.56 4 . 4 0  86.00 24 .8  

Kamloops P 35 108.37 4 . 5 4  109.00 24 .8  

B) A s h c r o f t  Pi ?l 365 119.04 0 . 6 7  118.86 10 .8  



.ble 14 A 2-way n e s t e d  &IOWA of A p h i d i u s  s a t i t h i  adult 
weight ( ~ g )  using P1 male o f f s p r i n g  of f i e l d  
collected females. 

Source of 
Variation DP SS 8s P 

n. so 
L o c a t i o n  1 2450 2450 3.57 *** 
Cage number 58 39837 687 6.64 

Error 4 12 42630 103 
- -  

nos, not s i g n i f i c a n t ;  *** p<0.001 



e n v i r o n m e n t ,  W z i g h t  v a r i a n c e  b e t w e e n  t h a  p o p u l a t i o n s  i n  

t h e  f i e l d  e n v i r o n m e n t s  w i l l  b e  much g r e a t e r  t h a n  w e i g h t  

v a r i a n c e  b e t w e a n  t h e  p o p u l a t i o n s  i n  a c o n s t a n t  

l a b o r a t o r y  s n v i r o n a e n t ,  A l t h o u g h  t h e  g e n e t i c  c o m p o n e n t  

of w e i g h t  v a r i a n c s  may be s l i g h t l y  l a r g e r  i n  t h s  field 

e n v i r o n m e n t s  ( d u e  t o  g e n o t y p e - e n v i r o n m 2 n t  

i n t s r a c t i o n ) ,  i t  i s  v e r y  u n l i k s l y  t h a t  i t  w i l l  i n c r e a s e  

a s  much a s  t h e  e n v i r o n m e n t a l  c o m p o n e n t  o f  w e i g h t  

v a r i a n c e ,  S i n c e  t h e  g e n e t i c  c o m p o n e n t  of w e i g h t  

v a r i a n c e  b e t w e e n  t h e  two p o p u l a t z o n s  w 3 s  n o t  de tec tab le  

when t h e  e n v i r o n m e n t a l  c o m p o n e n t  was m i n i m i z e d  ( i n  t h e  

l a b o r a t o r y )  , it is e v e n  l e s s  l i k e l y  t o  be  d e t e c t a b l e  

when t h e  r e l a t i v e  c o n t r i b u t i o n  of t h e  e n v i r o n m a n t a l  

c o m p o n e n t  i s  i n c r e a s e d  ( i n  t h e  f i e l d  e n v i r o n m e n t s )  . 
Samples t a k e n  from f i e l d  p o p u l a t i o n s  s h o w e d  q e o q r a p h i c  

v a r i a t i o n  i n  p a r a s i t e  w e i g h t  between A s h c r o f t  a n d  

Kamloops.  T h u s ,  t h i s  v a r i a t i o n  is c a u s e d  by  d i f f e r e n c a s  

i n  t h e  e n v i r o n m e n t  bet ween Ashcrof t a n d  Kamloops .  

T h e r e  are  many p o s s i b l e  r e a s o n s  f o r  t h e  l a c k  o f  

o b v i o u s  g e n e t i c  d i f f e r e n t i a t i o n  b e t w a e n  t h e  Kamf o o p s  

and A s h c r o f t  p o p u l a t i o n s .  T h e  p o p u l a t i o n s  are less  t h a n  

l O O k s  a p a r t .  There is p o t e n t i a l  f o r  g e n e  flow a l o n g  

p o p u l a t i o n s  o n  t h e  Thompson R i v e r  which  f l o w s  n e a r  

both t h e  A s h c r o f t  a n d  K a d o o p s  p o p u l a t i o n s .  A h i g h w a y  

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



as a t r u c k i n q  r o u t e  f o r  b a l e d  a l f a l f a ,  w h i c h  c o u l d  

e a s i l y  h a v e  mummies o n  i ts s u r f a c e .  A l s o ,  c o n s i d e r i n q  

the o r i q i n  of 5 .  s m i t h i  i n  B.C. , i t  i s  n o t  

u n r e a s o n a b l e  t o  a s s u m e  t h a t  t h e  two  p o p u l a t i o n s  h a v e  

o n l y  s e p a r a t a d  r e c e n t l y ,  and  t h a t  t h e  a n c e s t r a l  

p o p u l a t i o n  was  n o t  h i g h l y  v a r i a b l a .  

There a r e  many e n v i r o n m ~ n t a l  p a r a ~ e t e r s  w h i c h  

c o u l d  have c o n t r i b u t e d  t o w a r d s  p r o d u c i n q  t h e  o b s e r v e d  

p a r a s i t e  weight d i f f e r e n c e s  b e t w e e n  t h e  A s h c r o f t  and 

K a m l o o p s  p o p u l a t i o n s .  Host weight ( a g e )  a t  o v i p o s i  tior1 

i s  known t o  a f fec t  a d u l t  p a r a s i t e  v e i g h t  ( C h a p t e r  4 ) .  

T h e  o b s e r v e d  p a r a s i t e  w e i g h t  d i f f e r e n c e s  b e t w e e n  t h e  

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

a p h i d  p o p u l a t i o n  a g e - s t r u c t u r e  b e t w e e n  the t w o  

l o c a t i o n s  a t  t h e  time o f  p a r a s i t i z a t i o n .  I t  c o u l d  a l s o  

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

(e. q. t e m p e r a t u r e ,  p r e c i p i t a t i o n )  and  b i o t i c  

p a r a m e t e r s  { p r e d a t o r s ,  s e c o n d a r y  p a r a  sites) between ths 

two l o c a t i o n s ,  

U s i n g  t h e  r e l a t i o n s h i p s  between h o s t  a g e  a t  

o v i p o s i t i o n  a n d  a d u l t  p a r a s i t e  v e i g h t  ( C h a p t e r  4 ) ,  i~ 

is p o s s i b l e  t o  e x a m i n e  the ef fec t  o f  h o s t  age s t r u c t u r e  

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

r a n q i n q  i n  aqe f r o m  0.5 t o  6.0 d a y s  ( i n  0.5 d a y  

i n c r e m e n t s )  wera u s e d  a s  h o s t s  i n  C h a p t e r  4. Ths  



* l a b o r a t o r y 1  h i s t o g r a m s  q i v s n  i n  P i g s .  7 and 8 were 

obtained by p o o l i c g  the a d u l t  p a r a s i t e  w 2 i g h t s  o b t a i n e d  

f r o m  e a c h  a g e  of  h o s t  a ~ h i d  i n  C h a p t e r  4. I n  t h e  

t a b u l a t i o n  of t h e s e  h i s t o q r a m s ,  the f r e g u e n c i e s  o f  each 

aqe c l a s s  from each age of h o s t  a p h i d  were w e i g h t e d  by  

t h e  r e c i p r o c a l  o f  t h e  s a m p l e  s i z e  of t h 3 i r  h o s t  aqe 

g r o u p .  T h i s  r e s u l t e d  i n  each host aga g r o u p  

c o n t r i b u t i c g  a n  e q u a l  a a o u n t  ( i s @ .  o n e - t w e l f t h  of  t h e  

t o t a l )  t o w a r d s  t h e  t o t a l  h i s t o g r a i n .  T h u s ,  t h z  

' l a b o r a t o r y *  h i s t o g r a m s  i n  P i q s .  7 a n d  8 r e p r e s e n t  t h e  

e x p e c t e d  a d u l t  p a r a s i t e  w e i g h t  d i s t r i b u t i o n s  when a l l  

aqes o f  h o s t  a p h i d  ( f r o m  0.5 t o  6.0  days) are  

p a r a s i t i z e d  w i t h  e q u a l  f r e q u e n c i e s .  S i n c e  a d u l t  

p a r a s i t e  w e i q h t  is  a f u n c t i o n  o f  h o s t  a g e  ( w e i g h t )  a t  

o v i p o s i t i o n  f C h a p t e r  4 ) ,  t h e  s h a p e  of t h e  p a r a s i t e  

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

moment s t a t i s t i c s  ) w i l l  b e  a f u n c t i o n  o f  t h e  age  

s t r u c t u r e  o f  t h e  hosts a t  t h e  time of o v i p o s i t i o n .  

I n  t h e  f i e l d ,  t h e  s i t u a t i o n  is much sore c o m p l e x ,  

I t  can be a s s u m e d  t h a t  a p h i d  p o p u l a t i o n s  i n  m a t u r e  

a l f a l f a  f i e l d s  w i l l  c o n t a i n  i n d i v i d u a l s  o f  a l l  a g e s ,  

a n d ,  f u r t h e r ,  t h a t  4. s m i t h i  a t t a c k s  a l l  a g e s  o f  h o s t  

a p h i d  i n  t h e  f i e l d  (Campbell 1373) .  T h u s ,  p a r a s i t e  

w e i g h t  d i s t r i b u t i o n s  from f i e l d  d a t a  s h o u l d  c o n t a i n  

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



F i g u r e  7 .  Bale Aphidius smithi a d u l t  w e i g h t s  sampled 
f ro& f i e l d  populations i n  Asncroft and Kamloops a n d  
o b t a i n e d  from known age hosts in the laboratory.  





f i q u r e  8. Female A p h i d l u s  s i n i t h i  a d u l t  we ight s  s a m p l e d  
fros field populations i n  Ashcroft and Kanloops a n d  
obtained from known age hosts i n  the laboratory. 
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a p h i d .  If h o s t  age a t  o v i p o s i t i o n  i s  t h a  p r i n c i p a l  

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

t h i s  is b y  n o  means c e r t a i n ) ,  t h e n  t h e  s h a p e  o f  t h e  

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

s h o u l d  r e f l e c t  the h o s t  a p h i d  a g e  s t r u c t u r e  a t  the time 

o f  o v i p o s i t i o n .  E n ~ i r o n ~ 3 n t a l  d i f f e r e n c e s  b e t w 2 e n  

loca t ions  s h o u l d  a f f e c t  a l l  i n d i v i d u a l s  e q u a l l y ,  a n d  

t h u s  s h i f t  t h e  e n t i r e  d i s t r i b u t i o n  t o w a r d s  h i g h e r  c r  

lowar p a r a s i t e  w e i g h t s ,  b u t  t h e  s h a p e  o f  t h e  

d i s t r i b u t i o n  s h o u l d  r e m a i n  u n c h a n g e d .  

T h e  w e i g h t  d i s t r i b u t i o n s  of t h e  a d u l t  p a r a s i t e s  

from t h e  A s h c r o f t  and  K a a l o o p s  f i e l d  p o p u l a t i o n s  a r e  

a l so  p r e s e n t e d  i n  P i g s .  7 a n d  8. C o m p a r i n g  t h e  q e n e r a l  

shapes of t h e  A s h c r o f t  a n d  s l a b o r a t o r y t  d i s t r i b u t i c n s ,  

i t  a p p e a r s  a s  i f  t h e  A s h c r o f t  d i s t r i b u t i o n  c o n t a i n s  

more i n d i v i d u a l s  i n  t h e  lower w e i q h t  classes t h a c  t h e  

' l a b o r a t o r y *  d i s t r i b u t i o n .  T h i s  s u g g e s t s  t h a t  i n  the 

f i e l d  l i g h t e r  ( y o u n g e r )  a p h i d s  more f r e q u e n t l y  a c t  a s  

p a r a s i t e  h o s t s  t h a n  h e a v i e r  a p h i d s .  T h i s  c o u l d  b e  t h e  

r e s u l t  of y o u n g e r  a p h i d s  h a v i n g  a h i q h e r  frequency i n  

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

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

p a r a s i t e  (Pox  e t  a l .  1967; H a c k a u e r  1973; l l i a c k c w s k i  

1 9 6 2 )  . 
The s a m ~ l e  s i z e s  i n  t h e  K a a l o o p s  d i s t r i b u t i o n s  a r e  



t o o  s m a l l  ( 2 5  m a l e s  a n d  35 f e m a l e s )  t o  comment o n  t h e  

s h a p e s  of t h e  d i s t r i b u t i o n s ,  b u t  i t  is  n o t a b l e  t h a t  

t h e  e n t i r e  d i s t r i b u t i o n s  a p p e a r  t o  be s h i f t e d  t o w a r d s  

lighter p a r a s i t e  w e i g h t s  ( P i g s ,  7 and  8)  , T h i s  s u q q e s t s  

t h a t  t h e  q u a l i t y  o f  the e n v i r o n m e n t  i s  lowar ( p o o r  h o s t  

q u a l i t y ,  h i q h  o r  l o w  t e a r p e r a t u r e )  i n  Kamloops t h a n  i n  

A s h c r o f t  o r  the l a b o r a t o r y .  

The a b o v e  e x a m i n a t i o n  of weight  v a r i a t i o n  i n  f i e l d  

p o p u l a t i o n s  is by n e c e s s i t y  i n c o m p l e t e ,  s i n c e  an  

i n - d e p t h  s t u d y  would  h a v e  r e q u i r e d  aany y e a r s  of 

r e s e a r c h .  O t h e x  c a u s e s  of p a r a s i t e  w e i g h t  v a r i a t i o n  i n  

t h e  f i e l d  (such a s  age-specific m o r t a l i t y )  n e e d  t o  be 

examined .  A l t h o u g h  incomplete, t h e  a b o v e  s t u d y  does 

i n d i c a t s  t h a t  m e a s u r i n g  weight v a r i a t i o n  may b e  a 

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

e c o l o q y .  



5.4 S U H H A R Y  

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

A. s m i t h i  w e i g h t  b e t w e e n  A s h c r o f t  a n d  K a m l o o p s  field - 
p o p u l a t i o n s .  T h i s  b e t w e e n - p o p u l a t i o n  v a r i a t i o n  was not 

p r e s e n t  i n  P1 males r e a r a d  i n  a  c o n s t a n t  l a b o r a t o r y  

e n v i r o n m e n t ,  s u g g e s t i n g  t h a t  t h e  o b s e r v e d  g e o g r a p h i c  

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

e n v i r o n m e n t a l  d i f f e r e n c e s  b e t w e e n  A s h c r o f t  a n d  Kamloops .  

A c o a p a r i s o n  of t h e  f r e q u e n c y  d i s t r i b u t i o n s  of t h e  w e i q h t s  

i n  t h e  field p o p u l a t i o n s  w i t h  t h o s e  o b t a i n e d  i n  t h z  

l a b o r a t o r y  s u g g e s t e d  t h a t  l i g h t e r  ( y o u n g e r )  a p h i d s  a r e  

mora l i k e l y  t o  be p a r a s i t e  h o s t s  i n  t h e  field t h a n  

o l d e r  a p h i d s ,  a n d  t h a t  e n v i r o n m e n t a l  p a r a m e t e r s  o t h e r  

t h a n  h o s t  age s t r u c t u r e  reduced t h e  a d u l t  p a r a s i t e  

w e i q h t s  i n  t h e  Kamloops  p o p u l a t i o n .  



CHAPTER 6 

I R T I F I C I 1 L  SELECTION FOR HEAVY AND L I G H T  

POPULATIONS OF A P H I D I U S  S H I T H I  

6.1 INTRODUCTION 

A r t i f i c i a l  s e l e c t i o n  has  b e e n  u s e d  f o r  d e c a d e s ,  

p r i n c i p a l l y  by  a n i m a l  a n d  p l a n t  breeders, t o  modify 

q u a n t i t a t i v e  t r a i t s  i n  a n i m a l  a n d  p l a n t  p o p u l a t i o n s .  

T h e  s u c c e s s  o f  these a r t  i f  i c i a l  s e l e c t i o n  p r o g r a m s  

p r o v i d e s  t h e  s t r o n g e s t  e v i d e n c e  t o r  t h e  p r e s e n c e  of 

widespread v a r i a t i o n  i n  the g e n e s  a f f e c t i n g  t r a i t s  o f  

a d a p t i v e  s i q n i f  i c a n c e  ( L e w o n t i n  1374)  . 
The  l e v e l  a n d  r a t e  o f  r e s p o n s e  t o  a r t i f i c i a l  

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

p a r e n t s  o f  e a c h  s u c c e e d i n g  q e n e r a t i o n  a n d  b y  a a x i m i z i n q  

t h e  h e r i t a b i l i t y  of t h e  t r a i t  b e i n q  selected, e i t h e r  b y  

i n c r e a s i n q  t h e  g e n e t i c  c o a p o n e n t ,  o r  by d e c r e a s i n q  t h e  

e n v i r o n m e n t a l  c o m p o n e n t ,  of t h e  v a r i a t i o n  i n  t h e  t r a i t  

( F a l c o n e r  1360) .  T h e  g e n e t i c  c o m p o n e n t  of t h e  v a r i a t i o n  



i n  t h e  t r a i t  c a n  b e  i n c r e a s e d  by s y n t h e s i z i n q  t h e  base 

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

b a c k g r o u n d s  a n d  by m a i n t a i n i n g  t h i s  q e n e t i c  d i v e r s i t y  

t h r o u g h  t h e  m i n i m i z a t i o n  of i n b r e e d i n g .  T h e  

e n v i r o n m e n t a l  c o m p o n e n t  o f  the v a r i a t i o n  i n  t h a  t r a i t  

c a n  be r e d u c e d  by m a i n t a i n i n g  c o n s t a n t  t h o s e  

e n v i r o n m e n t a l  p a r a m e t e r s  t h a t  most a f f e c t  t h e  t r a i t ,  

The  c h o i c e  of p a r e n t s  for e a c h  s u c c e e d i n g  

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

s e l e c t i o n  method.  T h e  sslectioxl m e t h o d  t h a t  s h o u l d  

always y i e l d  the most r a p i d  r e s p o n s e  t o  s e l e c t i o n  i s  

c o m b i n e d  s e l e c t i o n  ( F a l c o n e r  1360) , Combined  s e l e c t i o n  

u t i l i z e s  i n f o r m a t i o n  o n  b o t h  the f a m i l y  mean a n d  t h e  

w i t h i n - f a m i l y  v a r i a n c e  t o  c h o o s e  t h e  p a r e n t s  f o r  t h e  

n e x t  g e n e r a t i o n ,  However ,  c o m b i n e d  s e l e c t i o n  i s  u s u a l l y  

n o t  u s e d ,  b e c a u s e  t h e  s m a l l  i n c r e a s e  i n  e x p e c t e d  

r e s p o n s e  does n o t  c o m p e n s a t e  f o r  t h e  i n c r e a s e d  

c o m p l e x i t y  i n  t h e  c h o i c e  o f  p a r e n t s ,  T h e  s e l e c t i o n  

m e t h o d ,  o t h e r  t h a n  c o m b i n e d  s e l e c t i o n ,  t h a t  s h o u l d  

y i e l d  the m o s t  rapid r e s p o n s e  t o  s e l e c t i o n  c a n  b e  

d e t e r m i n e d  by  c a l c u l a t i n q  the i n t r a c f a s s  c o r r e l a t i o n  

(t) . T h i s  s t a t i s t i c  is t h e  v a r i a n c e  c o m p o n e n t  amonq 

f ami l i e s  as a  p r o p o r t i o n  of t h e  sum o f  t h a  v a r i a n c e  

c o m p o n e n t  among famil ies  a n d  t h e  v a r i a n c e  w i t h i n  

f a m i l i e s .  When t i s  l a r g e ,  e a c h  f a m i l y  e x p e r i e n c e s  a 



u n i q u e  common e n v i r o n m e n t ,  a n d  t h e  bes t  a e t h o d  of 

s e l e c t i o n  is  w i t h i n - f a w i l y  s e l a c t i o n ,  a h e n  t is  small ,  

t h e  f a m i l i e s  are a l l  e x p s r i e n c i n q  a  s imilar  e n v i r o n m e n t  

a n d  the h e r i t a b i l i t y  of t h e  t r a i t  is  1 9 w .  The  best 

s e l e c t i o n  me thod  i n  s u c h  cases is f a m i l y  s e l e c t i o n .  

When t is i n t e r m e d i a t e ,  t h e  b e s t  s e l e c t i o n  m e t h o d  is 

i n d i v i d u a l  s e l e c t i o n .  F a l c o n e r  ( 1  3 6 0 )  g r a p h i c a l l y  

c o s l p a r e s  the e x p e c t e d  r e s p o n s e  from t h t  a b o v e  three 

m e t h o d s  o f  s e l e c t i o n  r e l a t i v e  t o  c o m b i n e d  s e l e c t i o n  a s  

a f u n c t i o n  of t. 

A r t i f i c i a l  select i o n  p r o q r a a s  f o r  i n c r e a s a d  o r  

d e c r e a s e d  s i z e  o r  w e i g h t  h a v e  been s u c c e s s f u l  w i t h  many 

o r g a n i s m s  ( E n f i e l d  e t  a l .  1966; F a l c o n e r  1353; K a t z  a n d  

Young 1975; R o b e r t s o n  and Reeve 1952 ;  T a n t a v y  a n d  

E l - H e l u  1966) . The h e r i t a b i l i t y  of s i z e  or w e i g h t  in 

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

r e a r i n g  t h e  o r g a n i s m s  i n v o l v e d  o n  w e l l - d e f i n e d  d i e t s .  

Bo a t t e a p t s  h a v e  p r e v i o u s l y  b e e n  aade t o  a r t i f i c i a l l y  

select f o r  s i z e  o r  w e i g h t  i n  a n  o r q a n i s m ,  s u c h  a s  

A. s m i t h i ,  t h a t  m u s t  d e v e l o p  w i t h i n  t h e  l i v i n q  t i s s u e s  - 

of another o r q a n i s a .  

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

s e l e c t i o n  f o r  i n c r e a s e d  a n d  d e c r e a s e d  A. s a i t h i  muinmy 

w e i g h t  is e x a m i n e d .  Knowledge  g a i n e d  o n  t h e  c h a n g e s  i n  



i n d i v i d u a l  w e i g h t  o v e r  time ( C h a p t e r  3) a n d  o n  t h e  

e f f e c t  of h o s t  w e i g h t  on p a r a s i t a  w e i g h t  ( C h a p t e r  4) 

is u s e d  t o  r e d u c e  t h e  e n v i r o n m e n t a l  c o m p o n a n t  o f  w e i q h t  

v a r i a t i o n .  

T h e r e  a r e  many r e a s o n s  f o r  c o n d u c t i n g  t h i s  

s e l e c t i o n  e x p e r i m e n t .  I t  d e m o n s t r a t e s  t h a t  i t  i s  

t e c h n i c a l l y  p o s s i b l e  t o  c o n d u c t  a n  i n d i v i d u a l  s e l e c t i o n  

p r o g r a m  f o r  w e i g h t  i n  a s y s t e m  a s  c o a p l e x  a s  t h e  

A. s m i t h i - p e a  a p h i d - b r o a d  b e a n  s y s t e m .  I t  i s  p o s s i h l e  - 

t o  Lrnprove b i o l o g i c a l  c o n t r o l  a g e n t s  b y  s e l e c t i v e l y  

b r e e d i n g  f o r  d e s i r a b l e  a t t r i b u t e s  ( H a c k a u e r  1976) . 
S i n c e  many b i o l o g i c a l  c o n t r o l  a g e n t s  a r e  p a r a s i t i c  

i n s e c t s ,  i n f o r m a t i o n  g a i n e d  f r o m  w e i g h t  s e l e c t i o n  i n  

A. s m i t h i  w i l l  be u s e f u l  f o r  d s s i g n i n g  o t h e r  s e l e c t i o n  - 
p r o g r a m s  o n  p a r a s i t i c  i n s e c t s .  I f  s u c c e s s f u l ,  t h e  

e x p e r i m e n t  wou ld  h a v e  p r o d u c e d  t w o  p o p u l a t i o n s  t h a t  

q e n e t i c a l l y  d i f f e r  i n  ueiqht. These p o p u l a t i o n s  c o u l d  h a v e  

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

by r e a r i n g  them o n  a ser ies  of h o s t  a g e s ,  f o r  g 3 n o t y p e  - 
e n v i r o n m e n t  i n t e r a c t i o n .  



6 .2  MATERIALS n E T H O D S  

The 1. s m i t h i  p a r a s i t e s  t h a t  formed t h e  b a s e  

p o p u l a t i o n  f o r  t h e  s e l e c t i o n  e x p e r l m j n t  were t a k e n  frcm 

a s t o c k  c o i o n y  h a v i n g  t h e  f o l l o w l n q  o r i g i n :  I n  J u l y  o f  

1976, a larqe p r o p o r t i o n  of t h e  4.  s m i t h i  p a r a s i t e s  

c o l l e c t e d  f r o m  f i e l d s  i n  A s h c r o f t  a n d  K a m l o o p s  ( C h a p t e r  

5) were u s e d  t o  establish ' A s h c r o f t '  and  * K a m l o o p s *  

l a b o r a t o r y  c o l o n i e s .  A t  t h a t  time, t h e r e  was a l s o  a n  

A. s m i t h i  l a b o r a t o r y  s t o c k  c o l o n y ,  w h i c h  had o r i q i n a t e d  - 
f ro@ p a r a s i t e s  c o l l e c t e d  i n  t h e  Kafnloops  r e g i o n ,  a n d  

h a d  been  m a i n t a i n e d  i n  t h e  l a b o r a t o r y  f o r  s e v e r a l  

y e a r s .  I n  o r d e r  t o  i n c r e a s e  t h e  g e n e t i c  v a r i a b i l i t y  i n  

t h e  l a b o r a t o r y  s t o c k  c o l o n y ,  a new l a b o r a t o r y  stock 

c o l o n y  was formed i n  S e p t e m b e r  1976 b y  c o m b i n i n g  

a p p r o x i a a t e l y  200 i n d i v i d u a l s  from e a c h  o f  t h e  o l d  

l a b o r a t o r y  s tock  c o l o n y ,  t h e  ' A s h c r o f  t1 l a b o r a t o r y  

c o l o n y ,  a n d  t h e  * K a m l o o p s l  l a b o r a t o r y  c o l o n y .  T h e  

p o p u l a t i o n  s i z e  of t h i s  neu s tock  c o l o n y  was k e p t  a t  a 

miniinurn of 300 i n d i v i d u a l s  t o  m i n i m i z e  a n y  l o s s  of 

g e n e t i c  v a r i a b i l i t y .  I n  A p r i l  o f  1377, t h e  new s t o c k  

c o l o n y  was u s e d  a s  a s o u r c e  of p a r a s i t e s  f o r  t h e  base 

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

I n  order t o  r e d u c e  t h e  e n v i r o n m e n t a l  c o m p o n e n t ,  

a n d  t h u s  i n c r e a s e  t h e  g e n e t i c  c o a p o n e n t ,  of t h e  w e i q h t  

v a r i a n c e ,  i t  was e s s e n t i a l  t o  b e g i n  t h a  s e l e c t i o n  f r o m  



a base  p o p u l a t i o n  t h a t  h a d  b e e n  r e a r e d  o n  c o n s t a n t  a g e  

h o s t  a p h i d s ,  b e c a u s e  t h e  a g e  o f  t h e  h o s t  a p h i d  i s  kncwn 

t o  a f f e c t  p a r a s i t e  w e i g h t  ( C h a p t e r  4 ) .  T h e  b a s e  

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

S e v e r a l  h u n d r e d  mummies wera removed  f r o m  t h e  s t o c k  

c o l o n y  a n d  p l a c s d  i n t o  g e l a t i n  ca p n u l e s .  T w e n t y - n i n e  

males a n d  2 9  females were r a n d o m l y  c h o s e n  f r o m  t h e  

p a r a s i t e s  e m e r g i n g  from t h e s e  mummies a n d  were m a t e d .  

I n  each o f  5 o v i p o s i t i o n a l  s e s s i o n s ,  60 t o  105 

p o t e n t i a l l y  p a r a s i t i z e d  a p h i d s  vere o b t a i n e d  by 

a f l o w i n g  e a c h  o f  4 t o  7 mated female p a r a s i t e s  t o  

o v i p o s i t  i n t o  f i v a  48t 2.5 h o u r  o l d  { s e c o n d  i n s t a r )  

h o s t  a p h i d s  a p p r o x i m a t s l y  e v e r y  20  a i n u t e s  for  

a p p r o x i m a t e l y  1 h o u r .  I n  o r d e r  t o  d e t e r m i n e  a p h i d  

w e i g h t  a t  o v i p o s i t i o n ,  2 ' c o n t r o l '  a p h i d s  were r a n d o m l y  

s a m p l e d  f r o m  e a c h  o f  t h e  9 p l a s t i c  c a g e s  t h a t  were u s e d  

t o  rear t h e  h o s t  a p h i d s  f o r  e a c h  o v i p o s i t i o n a l  s e s s i o n ,  

After o v i p o s i t i o n ,  t h e  p o t e n t i a l l y  p a r a s i t i z e d  aphids 

were p l a c e d  o n  p l a n t s  i n  r e a r i n g  cages,  o n e  c a g e  fcr 

a l l  the a p h i d s  {#=15)  attacked b y  e a c h  female p a r a s i t e ,  

a n d  a l l o w e d  t o  d e v e l o p .  Thus ,  e a c h  c a g e  c o n t a i n e d  f u l l  

s i b l i n g s .  T h e  m u a a i e s  c o n t a i n i n g  t h e  d e v e l o p i n g  

p a r a s i t e s  were removed  from t h e  p l a n t  10  d a y s  a f t e r  

o v i p o s i t i o n .  

The r e l a t i v e  i n d i v i d u a l  p a r a s i t e  w e i g h t s  i n  t h e  



b a s e  p o p u l a t i o n  were d e t e r m i n e d  b y  w e i g h i n g  t h e  v a c a t e d  

mummies. F o r  t h i s  e x p e r i m e n t ,  mummy w s i g h t  was 

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

v a r i a t e s  d i s c u s s e d  i n  C h a p t e r  3. Pupa  weight 3 d a y s  

a f t e r  o v i p o s i t i o n  was n o t  u s e d  since the e n v i r o n m e n t  

e x p e r i e n c e d  by t h e  p a r a s i t e s  i n  e a c h  g a n e r a t i o n  c o u l d  

e a s i l y  vary d u r i n g  t h i s  5 month  e x p e r i m e n t .  S u c h  

v a r i a t i o n s  w o u l d  a l t e r  t h e  p h y s i o l o q i c a l  a g e ,  a n d  thus 

t h e  w e i q h t  ( C h a p t e r  3 ) ,  of t h e  p a r a s i t e s  a t  '3 d a y s  

a f t e r  o v i p o s i t i o n ,  n a k i n q  i t  d i f f i c u l t  t o  c o m p a r e  t h e  

w e i g h t s  from g e n e r a t i o n  to  g e n e r a t i o n .  M o r e o v e r ,  mummy 

w e i q h t  is easier t c  m e a s u r e  t h a n  pupa  w e i g h t  9 d a y s  

after  o v i p o s i t i o n .  A d u l t  d r y  w e i g h t  c o u l d  n o t  be  u s e d  

since l i v e  a d u l t s  were n s z d e d  as  p a r e n t s  f o r  s u b s e q u e n t  

g e n e r a t i o n s .  A 1 1  mummy w e i q h t s  were a d  j u s t s d  f o r  

a i s s i n q  a p h i d  a p p e n d a g e s  u s i n g  t h e  a d j u s t m e n t  f a c t o r s  

c a l c u l a t e d  i n  C h a p t e r  4. 

A n a l y s i s  of t h e  mumay w e i g h t s  i n  t h e  b a s o  

p o p u l a t i o n  (see R e s u l t s  and D i s c u s s i o n )  r e v e a l e d  t h a t  

i n d i v i d u a l  s e l e c t i o n  w a s  t h e  s e l e c t i o n  m e t h o d  t h a t  

wou ld  y i e l d  t h e  m o s t  r a p i d  r e s p o n s e .  Thus ,  the p a r a n t s  

of y e n e r a t i o n  t o f  t h e  h = a v y  a n d  l i g h t  p o p u l a t i o n s  w a r e  

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

f o l l o w i n g  p r o c e d u r e :  811 t h e  ~ a r a s i t e s  i n  t h e  b a s e  

p o p u l a t i o n  were r a n k e d  a c c o r d i n g  t o  mummy w e i g h t .  Tne 



2 1  male a n d  2 1  female ~ a r a s i t e s  h a v i n g  t h e  h t a v i e s t  

mummy w a i g h t  were s e l e c t e d  a s  p a r e n t s  f o r  g e n e r a t i o n  1 

o f  t h e  * h e a v y 9  p o p u l a t i o n ,  e x c e p t  when more t h a n  3 

i n d i v i d u a l s  of o n e  s e x  came  f r o a  t h e  s a m e  c a q e  (i.e. 

were f u l l  s i b s ,  s i n c e  e a c h  c a g e  c o n t a i n e d  o n e  f a m i l y ) .  

I n  s u c h  cases  t h e  f o u r t h  ( l i g h t e s t )  mummy was re j e c t s d ,  

a n d  t h e  p a r a s i t e  h a v i n q  the n e x t  h e a v i e s t  mummy i n  t h e  

r a n k  was selected. T h i s  r e s t r i c t i o n  r e d u c e d  t h e  l e v e l  

of i n b r e e d i n g  a c c o m p a n y i n g  t h e  s e l e c t i o n .  T h e  2 1 m a l a s  

a n d  2 1  females s o  selected were m a t e d  a t  random a n d  

u s e d  as p a r e n t s  f o r  g e n e r a t i o n  1 o f  t h a  ' h e a v y 9  p o p u l a t i c n .  

The 21 males a n d  2 1  f e m a l e s  u s e d  a s  p a r e n t s  f o r  g e n e r a t i o n  1 

o f  t h e  * l i g h t @  p o p u l a t i o n  were s e l e c t e d  i n  a s i m i l a r  

a a n n e r  f r o m  t h e  l i g h t  e n d  of t h e  r a n k e d  mummy w e i g h t s  

o f  the b a s e  p o p u l a t i o n .  

T h e  a b o v e  s e l e c t i o n  p r o c e d u r e  was u s a d  f o r  a l l  

s u b s e q u e n t  q e n e r a t i o n s ,  e x c e p t  t h a t  t h e  F a r e n t s  f o r  t h e  

' h e a v y *  p o p u l a t i o n  were selected f r o a  the p r e v i o u s  

g e n e r a t i o n ' s  h e a v y *  p o p u l a t i o n ,  a n d  t h e  p a r e n t s  f o r  

the ( l i g h t *  p o p u l a t i o n  wers s e l e c t e d  f r o m  t h e  p r e v i o u s  

q e n e r a t i o n ' s  * l i g h t q  p o p u l a t i o n  ( i . e .  b o t h  selected 

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

b a s e  p o p u l a t i o n ) .  

A f t e r  s e l e c t i n g  a n d  m a t i n q  t h e  p a r e n t s ,  aach 

q a n e r a t i o n  of  s a c h  p o p u l a t i o n  was o b t a i n e d  a s  f o l f  ows: 



I n  e a c h  o f  threa  o v i p o s i t i o n a l  s e s s i o n s ,  105  

p o t e n t i a l l y  p a r a s i t i z e d  a p h i d s  were o b t a i n e d  b y  

a l l o w i n q  e a c h  of 7 mated female p a r a s i t e s  t o  o v i p o s i t  

i n t o  f i v e  482 2.5 h o u r - o l d  ( s e c o n d  i n s t a r )  h o s t  a p h i d s  

a p p r o x i m a t e l y  every 20 m i n u t e s  f o r  a p p r o x i m a t e l y  1 

h o u r .  I n  o r d e r  t o  d e t e r m i n e  a p h i d  w e i g h t  a t  

o v i p o s i t i o n ,  2 ' c o n t r o l *  a p h i d s  were r a n d o m l y  s a m p l e d  

from each o f  t h e  8 c a g e s  t h a t  were used t o  rear t h e  

h o s t  a p h i d s  f o r  e a c h  o v i p o s i t i o n a l  s e s s i o n .  A f  tdr 

o v i p o s i t i o n ,  the p o t e n t i a l l y  p a r a s i t i z e d  a p h i d s  were 

p l a c e d  i n  r e a r i n g  cages, o n e  c a g e  for a l l  t h e  a p h i d s  

(W=15) a t t a c k e d  by  each f e m a l e  p a r a s i t e ,  a n d  allowed t o  

d e v e l o p .  T h e  mummies c o n t a i n i n g  t h e  d f t v e l o p i n g  

p a r a s i t e s  were removed f rom t h e  p l a n t  1 0  t o  11 d a y s  

a f t e r  o v i p o s i t i o n .  

T h e  w e i g h t s  o f  t h e  f~uamies from each o v i p o s i t i o n a l  

s e s s i o n  i n  e a c h  g e n e r a t i o n  o f  e a c h  p o p u l a t i o n  were 

a d j u s t e d  t o  c o m p e n s a t e  f o r  d e v i a t i o n s  i n  the c o n t r o l  

a p h i d  d r y  w e i g h t  from 59.2yg (see R e s u l t s  a n d  

D i s c u s s i o n )  . 
T h s  i n t e n s i t y  of s e l e c t i o n  ( F a l c o n e r  1 9 6 0 )  wa s 

c a l c u l a t e d  s e p a r a t e l y  f o r  e a c h  s e x  i n  9 a c h  q e n e r a t i o n  



as: 

where: 

S = t h e  s e l e c t i o n  d i f f e r e n t i a l  

= the mean mummy w e i g h t  of t h e  i n d i v i d u a l s  

s e l a c t e d  a s  p a r e n t s  e x p r e s s e d  a s  a d e v i a t i o n  

from t h e  p o p u l a t i o n  a e a n  

Gp = t h o  s t a n d a r d  d e v i a t i o n  of mummy weiqhts 

The  mummy w e i g h t s  of t h e  heavy a n d  l i g h t  

p o p u l a t i o n s  were c o m p a r e d  f o r  e a c h  sex i n  each 

q e n e r a t i o n  u s i n g  a two l e v e l  miwed m o d e l  n e s t s 3  ANOVA.  

T h e  aodel  u s e d  was: 

where: 

aii = t h e  mean w e i g h t  i n  ce l l  ij 

4 = the p a r a a s t r i c  g r a n d  aean 

% = the f i x e d  t r s a t m e n t  effect d u e  t o  selection 

= t h e  n e s t e d  random v a r i a n c e  c o m p o n e n t  d u e  t o  

p a r e n t s  and c a q e s  
- 

&;j = t h e  a e a n  e x p l r i m e n t a l  error i n  c e l l  i j  



6 . 3  RESULTS K D  DISCUSSION 

T a ~ l e  15 p r e s e n t s  t h e  s i n g l e  c l a s s i f i c a t i o n  ( i n t o  

f ami l i e s )  A N O V A s  t h a t  y i e l d e d  t h e  v a r i a n c e  e s t i m a t e s  

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

m u m m y  w a i g h t s  i n  t h e  b a s e  p o p u l a t i o n .  T h e  i n t r a c l a s s  

c o r r e l a t i o n  was 0 . 3 2 5  f o r  t h e  males a n d  0.426 f o r  the 

females (Table 15) . T h e  h i g h l y  s i g n i f i c a n t  among-f a s r i l y  

v a r i a n c e  c o m p o n e n t  i s  a  c o n s e q u e n c e  o f  tha coinrnon 

e n v i r o n m e n t  a n d  the common g e n e s  s h a r e d  by t h e  

i n d i v i d u a l s  w i t h i n  each f a m i l y ,  B e c a u s e  of t h e  

i n t e r m e d i a t e  i n t r a c l a s s  c o r r e l a t i o n s  i n  b o t h  m a l e s  a n d  

femaf es,  i n d i v i d u a l  s e l e c t i o n  was t h e  m s t h o d  c h o s e n  f o r  

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

p o p u l a t i o n s .  

Table 16 p r e s e n t s  s t a t i s t i c s  o n  t h e  d r y  w e i q h t  of 

the h o s t  a p h i d s  s a m p l e d  a t  t h e  tzme of o v i p o s i t i o n  from 

e a c h  p o p u l a t i o n  i n  e a c h  g a n s r a t i o n .  I n  4 of  t h s  9 

s e l e c t i o n  g e n e r a t i o n s ,  t h e r e  was a s i g n i f i c a n t  

d i f f e r e n c e  b ~ t w e e n  t h e  w e i g h t s  of t h e  a p h i d s  u s e d  a s  

hosts f o r  t h e  l i g h t  p o p u l a t i o n  a n d  t h o s e  u s e d  a s  h o s t s  

f o r  t h e  h e a v y  p o p u l a t i o n  {Table 1 6 ) .  # o r e o v e r ,  there 

was a  s i g n i f i c a n t  (p<O,OOl) d i f f e r e n c a  i n  the h o s t  

a p h i d  w e i g h t  b e t w e e n  g e n e r a t i o n s .  T h i s  h o s t  a p h i d  

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

t e ~ p e r a t u r e ,  h o s t  p l a n t  q u a l i t y ,  a p h i d  s t o c k  c o l o n y  



Table  15 A s i n g l e  c l a s s i f i c a t i o n  ( i n t o  f a m i l i e s )  
A N O V A  of A p h i d i u s  smithi base  p o p u l a t i o n  
vacated mummy weiqht  (yg) . A) Hales. 
0 )  Females. 

A 1 
Source of 
v a r i a t i o n  

*** 
Among f a n i l i e s  28 21486  767.36 3 . 8 1  

Within f a a i l i e s  14 1 284 13 201.51 

B) 
S o u r c e  of 
v a r i a t i o n  

*** 
Among families 27 2 0 4 8 5  7 5 8 . 7 0  5.16 

within f a m i l i e s  130 19128 147. 14 

*** p<O*OOl 
L note:  s = HSw 
2 sA = (BSAo MSw] /n 

2 2 
t = s, / ( s  + 52,) 



Table 16 S t a t i s t i c s  o n  t h e  d r y  w e i g h t  (yg) o f  t h e  pea 
a p h i d  c o n t r o l s  sampled a t  the time o f  
o v i p o s i t i o n .  

Gen. Pop. Bean N Standard 
d e v i a t i o n  

Base 

Light  
Heavy 

Liqbt 
Heavy 

Light 
Beavy 

L i g h t  
Heavy 

L i g h t  
Heavy 

Light  
Heavy 

Light 
Heavy 

L ight  
Heavy 

L i g h t  
Hear y 

n , s .  not s i g n i f i c a n t ;  ** p<O.Ol; *** p<0.001 

n o t e :  t h e  a s t e r i s k s  show the results of an  ANOVA 
comparing t h e  controls from t h e  heavy  p o p u l a t i o n  
with t h o s e  from t h e  1 ight p o p u l a t i o n  



q u a l l s y  o r  a p h i d  c r o w d i n g ,  b o t h  w i t h i n  o n e  q e n s r a t i o n  

a 2 d  b e t w e e n  g e n e r a t i o n s .  

S i n c e  h o s t  a p h i d  w e i q h t  i s  known t o  affect muamy 

w e i g h t  ( C h a p t e r  4 ) ,  i t  was n e c e s s a r y  t o  a d j u s t  t h e  

w e i g h t s  o f  t h e  mummies f o r  d i f f e r e n c e s  i n  the u s i q h t s  

o f  t h e i r  h o s t  a p h i d s .  A r e l a t i o n s h i p  was needed  b s t w e e n  

h o s t  a p h i d  w e i g h t  a t  o v i p o s i t i o n  a n d  mummy w e i q h t  f o r  

t h e  r a n g e  of h o s t  a p h i d  w e i g h t s  e n c o u n t e r 4  i n  t h e  

s e l e c t i o n  e x p e r i m e n t .  T h i s  r e l a t i o n s h i p  was d e t s r m i n e d  

b y  u s i n g  ANOVA w i t h  r e q r s s s i o n  t o  a n a l y z e  the mumlgy 

w e i g h t s ,  o b t a i n e d  i n  C h a p t e r  4 ,  f r o m  h o s t  a p h i d s  

r a n q i n q  i n  w e i g h t  f r o m  45 .2yq a n d  92 .449 .  The  r e s u l t s  

of t h e  a n a l y s e s  a re  p r e s e n t e d  i n  Table 17. I n  b o t h  

males a n d  females, t h e  r e q r e s s i o n  r emoved  a h i g h l y  

s i q n i f i c a n t  c o m p o n e n t  of t h e  v a r i a n c e  among h o s t  w s i q h t  

g r o u p s .  T h e  d e v i a t i o n s  f rom r a g r e s s i o n  were n o t  

s i g n i f i c a n t  f o r  e i t h e r  s e x .  T h e  s l o p e  o f  t h e  r e q r e s s i o n  

l i n e  i s  0 , 4 9 0  f o r  females a n d  0 .645  f o r  males. An 

a d j u s t a e n t  f a c t o r  was c a l c u l a t e d  f o r  e a c h  s e x  i a  e a c h  

o v i p o s i t i o n a l  s e s s ion  b y  a u l t i p l y i n g  t h e  s l o p e  o f  t h e  

r e q x e s s i o n  l i n e  f o r  t h a t  sex by  t h e  d i f f e r e n c e  

( i n c l u d i n g  r t l agn i tude  a n d  s i g n )  b e t w e e n  59,2.(rq a n d  t h e  

mean h o s t  a p h i d  w e i g h t  of  t h e  c o n t r o l  a p h i d s  f r o m  t h a t  

o v i p o s i r i o n a l  s e s s i o n .  T h e  v a l u e  of 5 3 . 2 4 3  was c h o s e n  

a s  t h e  s t a n d a r d  s i n c e  i t  was t h e  a p h i d  w e i g h t  o b s e r v e d  



b l e  17 An a n a l y s i s  of v a r i a n c e  of A p h i d i u s  s m i t h i  
mummy weight ( r g )  r e g r e s s e d  on h o s t  weight (rq) 
a t  o v i p o s i t i o n  for h o s t s  be tween  45.2ug 
( 1 . 5  d a y s )  and 9 2 . 4 ~ g  ( 3 . 0  d a y s ) .  A )  Hales. 
B)  Females. 

S o u r c e  of 
v a r i a t i o n  DP SS ns P 

Aaoag host *$* 
weight g r o u p s  3 32567 10856 38.88 

Linear * ** 
r e g r e s s i o n  1 32407 32407 404.37 

D e v i a t i o n s  from 
regression 2 160 

Esror 27 3 7622 1 279 

S o u r c e  of 
v a r i a t i o n  DP S S HS P 

Artlong h o s t  ** * 
w e i g h t  g r o u p s  3 3844 3281 7.81 

Linear *** 
r e g r e s s i o n  1 3680 96 8 0 1 18.40 

D e v i a t i o n s  from n. s. 
r e g r e s s i o n  2 16 U 82 0,13 

Error 116 48712 420 

n.s. n o t  s i g n i f i c a n t ;  *** p < 0 . 0 0 1  



a t  4 8  h o u r s  o f  a g e  i n  C h a p t e r  4 ( F i g .  6 ) .  E a c h  mummy 

w e i q h t  i n  t h e  s e l e c t i o n  e x p e r i m e n t  was a d j u s t e d  f o r  i ts  

h o s t  a p h i d  w e i q h t  by a d d i n g  t h a  a p p r o p r i a t e  a d  j u s t n e n t  

f a c t o r  t o  the a s a s u r e d  mummy w e i g h t .  A l l  s u b s e q u e n t  

analyses were p e r f o r n e d  on a d j u s t e d  mummy w e i g h t s .  

Ths  r e s u l t s  o f  t h e  s e l e c t i o n  p r o g r a m  a r e  shown i n  

F i g .  9. T ~ E  s e l e c t i o n  d i f f e r e n t i a l s  (S) and t h e  

i n t e n s i t i e s  o f  s e l e c t i o n  (i) are g i v e n  i n  T a b l e  18,  

Froa q e n e r a t i o n  3 t o  g e n e r a t i o n  9 i n c l u s i v e ,  t h e  

l i g h t  p o p u l a t i o n  c o n s i s t e n t l y  had  l i g h t e r  mean mummy 

w e i g h t s  t h a n  t h e  h e a v y  p o p u l a t i o n  f o r  b o t h  males a n d  

f e m a l e s  ( F i q .  3 ) .  T h e  r e l a t i o n s h i p  b e t w e e n  t h e  mean 

aummy w e i g h t s  of t h e  two p o p u l a t i o n s  i n  g e n e r a t i o n s  1 

t o  9 i n c l u s i v e  was a n a l y z e d  s t a t i s t i c a l l y  u s i n g  t h e  

o o n - p a r a m e t r i c  U i l c o x o n  m a t c h e d - p a i r s  s i g n e d - r a n k s  t e s t  

( S i e g e 1  1 9 6 6 ) .  The n u l l  h y p o t h e s i s  was t h a t  i n  each 

g e n e r a t i o n  t h e r e  was n o  d i f  fertnce b e t w e e n  t h e  mean 

m u m m y  w e i q h t s  i n  the two p o p u l a t i o n s .  The a l t e r n a t i v e  

h y p o t h e s i s  was t h a t  t h e  mean mummy w s i q h t  i n  th2 h e a v y  

p o p u l a t i o n  was g r e a t e r  t h a n  t h a t  i n  t h s  l i q h t  

p o p u l a t i o n ,  T h e  r e s u l t s  d e m o n s t r a t e d  t h a t ,  i n  b o t h  

sexes, the p r o b a b i l i t y  i s  l e s s  t h a n  0 . 0 2 5  ( m a l e s :  

T=5.5; females: T=3.0) t h a t  t h e  mean mummy w e i g h t s  

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



Figure 9, The response tc a r t i f i c i a l  selection for 
increased a n d  d e c r e a s e d  m u m m y  weight i n  A p h i d i u s  s n i t h i .  
A )  n a l e s  B) Females (e s e l s c t e d  for increased ueiqht; 
0 selected f o r  decreased weight). 





Table  18 Selection d i f f e r e n t i a l s  (S)  and  i n t e n s i t i e s  
o f  s e l e c t i o n  (i) i n  t h e  Aphidius s a i t h i  
weight s e l e c t i o n  proqram. 

nales  Females 

G e n e r a t i o n  P o p u l a t i o n  sa' i sa' i 

Base t o  1 
B a s e  t o  1 

1 t o  1 
1 to 2 
2 t o  3 
2 to  3 
3 to  4 
3 t o  4 
4 to 5 
4 to 5 
5 to 6 
5 to 6 
6 to 7 
6 to 7 
7 to 8 
7 t o  8 
8 t o  9 
8 to 9 

L i g h t  
Heavy 
L i g h t  
Heavy 
light 
Heavy 
L i g h t  
Heavy 
Liqht 
Heavy 
Light 
Heavy 
L i g h t  
Heavy 
L i g h t  
Heavy 
~ i q h t  
Heavy 



T h u s ,  a r t i f i c i a l  s 3 l e c t i o n  d i d  r e s u l t  i n  a d i v e r g e n c e  

i n  muamy we igh% b e t w e e n  t h e  t w o  p o p u l a t i o n s .  

T h e  e x t e n t  o f  t h e  d i v e r g e n c e  i n  mummy v e i g h t s  

between t h e  t w o  p o p u l a t i o n s  was e x a m i n s d  a t  e a c h  

g e n e r a t i o n  u s i n g  n e s t e d  A N O V A .  T h e  r e s u l t s  f o r  a a c h  

g e n e r a t i o n  of e a c h  s s x  are g i v + n  i n  T a b l e  13. I n  

q e n e r a t i o n  5 o f  t h e  females, a n d  i n  q e n e r a t i o n s  4,  5 

a n d  9 i n  the males, t h e  mummy w e i g h t s  of t h e  h e a v y  

p o p u l a t i o n s  were s t a t i s t i c a l l y  h e a v i e r  t h a n  t h o s e  of 

the l i g h t  p o p u l a t i o n .  However ,  t h e  A N O V A  r e s u l t s  d c  n o t  

d e m o n s t r a t e  a c o n s i s t e n t  s e p a r a t i o n  o f  t h e  mularay 

w e i g h t s  o f  t h e  two p o p u l a t i o n s  i n  t h a  l a t e r  g e n e r a t i o n s  

o f  e i t h e r  s e x .  The  s e p a r a t i o n  i n  g e n e r a t i o n  5 s h o u l d  

h a v e  r e m a i n e d  i n  t h e  s u c c e e d i n q  g e n e r a t i o n s ,  

p a r t i c u l a r l y  s i n c e  t h e  p a r e n t s  of t h e s e  g e n e r a t i o n s  

were st i l l  b e i n g  s e l e c t e d  f o r  muamy w e i g h t .  S i n c e  t h e  

d i v e r g e n c e  b e t w e e n  t h e  two p o p u l a t i o n s  i s  n o t  g r e a t ,  

t h e r e  is a h i g h  p r o b a b i l i t y  of T y p e  11 e r r o r  w i t h  t h e s e  

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

m a g n i t u d e s  of t h e  mean musay w e i g h t s  b e t w e e n  t h e  

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

s e p a r a t i o n  is i n s u f f i c i e n t  t o  r e v e a l  s i g n i f i c a n t  

d i f f e r e n c e s  b e t w e e n  t h e  i n d i v i d u a l  mummy w e i g h t s  o f  t h e  

two p o p u l a t i o n s  i n  e v e r y  q e n e r a t i o n .  

I t  is d i f f i c u l t  t o  d e t a r m i n e  how the s e l e c t e d  



Table 19 Summary of two-level n e s t e d  A M O V A ' S  of 
R p h i d i u s  s p i t h i  mummy weight (4q)  at e a c h  
generation of the s e l e c t i o n  program. 

Variance amonq Variance among 
f a m i l i e s  populations 

Gen . S e x  DF f Df P 

Hale 

Female 

a a l e  

Female 

Male 

Female 

Hale 

Fenale 

Bale 

female 

Bale 

Female 

Uale 

Female 

a a l e  

Peer ale 

Hale 

Peaale 

n.s. n o t  s i g n i f i c a n t ;  * p<0.05;  ** p < 0 . 0 1 ;  *** p<O.OOl 



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

p o p u l a t i o n ,  s i n c e  a n  u n s a l e c t e d  c o n t r o l  p o p u l a t i o n  was 

n o t  we ighed  i n  e a c h  g e n e r a t i o n  a l o n g  w i t h  t h e  two 

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

i n  mean mummy w e i g h t  o f  t h e  heavy a n d  l i g h t  

p o p u l a t i o n s ,  p a r t i c u l a r l y  i n  g e n e r a t i o n s  6 t o  9 ( F i q .  3 ) ,  

s u g q e s t s  t h a t  t h e  auamy w e i g h t s  were b e i n g  affected 

by e n v i r o n m e n t a l  p a r a m e t e r s  common t o  b o t h  p o p u l a t i o n s  

within a g e n e r a t i o n ,  b u t  n o t  c o n s t a n t  o v e r  a l l  

g e n e r a t i o n s .  

The r e s p o n s e  t o  a r t i f i c i a l  s e l e c t i o n  f o r  w e i g h t  o r  

s i ze  i n  o t h e r  o r g a n i s m s  h a s  b e e n  much g r e a t e r  t h a n  t h a t  

o b s e r v e d  w i t h  5 .  s m i t h i  i n  t h i s  s t u d y ,  The  d i v e r g e n c a  

be tween  t h e  two p o p u l a t i o n s  a f t e r  9 g e n e r a t i o n s  of 

s e l e c t i o n  (7.8yq i n  ma las ;  5.749 i n  females (Fiq.3)) is 

only 5.2% ( a a l e s )  a n d  3. 6% ( f e m a l e s )  o f  t h e  weight i n  

t h e  b a s e  p o p u l a t i o n .  Hhen s e l e c t i n g  f o r  winq l s n g t h  i n  

D, m e l a n o q a s t e r ,  T a n t a w y  a n d  E l - H e l w  (1966) p r o d u c e d  a  - 
d i v e r q e n c e  b e t w e e n  l a r g e  a n d  s m a l l  l i n e s  of o v e r  10% o f  

t h e  c o n t r o l  wing l e n g t h  a f t e r  10 g e n e r a t i o n s .  Whr?n 

s e l e c t i n g  f o r  6-week w e i g h t  i n  n i c e ,  F a l c o n e r  (1953)  

p r o d u c e d  a  d i v e r g e n c e  b e t w e e n  heavy  a n d  l i g h t  l i n e s  o f  

a p p r o x i m a t e l y  45% o f  t h e  b a s e  p o p u l a t i o n  w e i g h t  a f t e r  

11 q e n e r a t i o n s .  E n f i e l d  e t  a l .  (1966) p r o d u c e d  a  32% 

i n c r e a s e  i n  T r i b o l i u m  c a s t a n e u a  p u p a  w e i g h t  a f t e r  12 



g e n e r a t i o n s .  Katz a n d  Young (1375) p r o d u c e d  a 2 5 %  

increase i n  @, m e l a n o q a s t e r  a d u l t  b o d y  w e i g h t  after 18 

q e n e r a t i o n s .  T h e r e  are s e v e r a l  p o s s i b l e  r 9 a s o n s  f o r  t h e  

lower r 9 s p o n s e  t o  u e i g h t  s e l e c t i o n  i n  4 ,  s m i t h i .  

Host o t h e r  s e l e c t i o n  p r o g r a m s  i n v o l v i n g  s i z e  o r  

w e i g h t  h a v e  u s e d  o r g a n i s m s  t h a t  f e e d  o n  a n o n - l i v i n q ,  

w e l l - d e f i n e d  d i e t ,  S u c h  d i e t s  w i l l  r e d u c e  t h e  

e n v i r o n m e n t a l  c o m p o n e n t  o f  w e i g h t  v a r i a n c e  a n d  thus 

i n c r e a s e  t h e  h e r i t a b i l i t y  a n d  t h e  e x p e c t e d  r e s p o n s e  t o  

s e l e c t i o n .  - A .  s m i t h i  is a p a r a s i t e  of a n  i n s e c t  w h i c h  

i n  t u r n  feeds on l i v i n g  p l a n t  t i s s u e .  T h e  i n h e r e n t  

v a r i a t i o n  i n  t h e  food c h a i n  w i l l  q r e a t l y  i n c r e a s e  t h e  

e n v i r o n m e n t a l  c o m p o n e n t  of 4. s m i t h i  w e i g h t  v a r i a t i o n ,  

The l o w  r e s p o n s e  t o  s e l e c t i o n  o b s e r v e d  i n  t h i s  

e x p s r i m e n t  c o u l d  a l s o  h a v e  b e e n  a c o n s a q u e n c e  o f  t h e  

g e n e t i c  s t r u c t u r e  o f  t h e  base p o p u l a t i o n .  T h e  base 

p o p u l a t i o n  was s y n t h e s i z e d  from f i e l d  p o ~ u l a t i o n s  t h a t ,  

b e c a u s e  o f  t h e i r  o r i g i n  ( C h a p t e r  5)  , are  p o t e n t i a l l y  

low i n  q e n e t i c  v a r i a n c e ,  P a r e n t - o f f s p r i n q  r e g r e s s i o n  o f  

t h e  l a b c r a t o r y - r e a r e d  PA males on t h e i r  f i e l d  c o l l e c t e d  

female p a r e n t s  ( d a t a  from C h a p t e r  5) y i e l d e d  a s l o p e  o f  

0.073f 0.047, T h u s ,  t h e  h e r i t a b i l i t y  o f  w e i g h t  i n  tha 

base p o p u l a t i o n  say h a v e  b e e n  v e r y  low, 

It i s  not known w h a t  effect t h e  4, s f t t i t h i  

h a p l o d i p l o i d  q e n e t i c  s y s t e m  may h a v e  had  o n  t h e  



s e l e c t i o n  r e s u l t s .  T h e  a m o u n t  of v a r i a t i o n  m a i n t a i n e d  

b y  e p i s t a s i s  is e x p s c t e d  t o  b e  s ~ a l l e r  i n  a 

h a p l o d i p l o i d  q e n e t i c  s y s t e m  (Har t l  137  1 )  . Reduced  

e l e c t r o p h o r e t i c  v a r i a t i o n  h a s  b e e n  o b s e r v e d  i n  many 

h a p l o d i p l o i d  o r g a n i s m s  ( L e s t a r  1975; M a s t r i n e r  196 9; 

P l e s t r i n e r  a n d  C o n t e l  1972; S n y d e r  1 3 7 4 ) .  G i v e n  the same 

p a r a m e t e r s  i n  t h e  base p o p u l a t i o n ,  a h a p l o d i p l o i d  

p o p u l a t i o n  s h o u l d  e v o l v e  up  t o  o n e - t h i r d  f a s t e r  t h a c  a 

c o r r e s p o n d i n g  d i p l o i d - d i p l o i d  p o p u l a t i o n  (Har t l  1 9 7 1 )  . 
S e l e c t i o n  programs i n  c t h e r  h a p l o d i p l o i d  o r q a n i s m s  h a v e  

b e e n  s u c c e s s f n l  (De Bach  1358; R o t h s n b u h l e r  e t  a l .  1368; 

W h i t e  e t  a l .  1970) . 
P e r h a p s  t h e  most s i g n i f i c a n t  f a c t o r  t h a t  

restricted t h e  d i v e r g e n c e  b e t w e e n  t h e  two p o p u l a t i o n s  

is t h e  c o m p l e x  a s s o c i a t i o n  between t h ?  p a r a s i t e  a n d  i t s  

h o s t .  S u c c e s s f u l  s e l e c t i o n  f o r  i n c r e a s e d  o r  d e c r e a s e d  

w e i q h t  requires a o d i f i c a t i o n  o f  t h e  p a r a s i t e  w h i l e  

m a i n t a i n i n q  a c o n s t a n t  h o s t .  T h i s  c o n s t a n t  h o s t  w i l l  

a l s o  place r e s t r i c t i o n s  o n  p a r a s i t e  g r o w t h  by  l l r ~ i t i n g  

t h e  q u a n t i t y  of f o o d  a v a i l a b l e  t o  t h e  d e v e l o p i n g  

p a r a s i t e  l a r v a .  The f a c t  t h a t  a r t i f i c i a l  s e l e c t i o n  d i d  

n o t  r e s u l t  i n  a n  i n c r e a s e  i n  m u m y  w e i g h t  o v e r  t h a t  

of t h e  bass p o p u l a t i o n  ( P i g .  3) s u g g e s t s  t h a t  i t  i s  

easier t o  d i s r u p t  t h e  h o s t - p a r a s i t e  a s s o c i a t i o n  ( t h a t  

is, select f o r  d e c r e a s e d  mummy w e i q h t ) ,  t h a n  i t  is t o  



i m p r o v e  t h e  a s s o c i a t i o n  ( t h a t  is, select f o r  i n c r e a s s d  

mummy weight). A slower r e s p o n s e  t o  se lect ioc  for 

l a r q e r  t h a n  for smaller s i z e  h a s  been o b s e r v e d  i n  

D r o s o p h i l a  me1 a n o g a s t e r  ( R o b e r t s o n  and Reeve 1352)  and 

mice ( F a l c o n e r  1953)  . 
F u r t h e r  experiments were n o t  conducted o n  t h e  

h z a v y  and l i g h t  p o p u l a t i o n s  a t  t h e  end o f  t h e  s e l e c t i o n  

proqrarn due to t h e  low d i v e r g e n c e  botween  t h e  two  

p o p u l a t i o n s .  



6.4 S I f f l f l A R Y  

~ r t i  f i c i a l  s e l e c t i o n  for  p o p u l a t i o n s  o f  4. s m i t h i  

h a v i r q  i n c r e a s e d  a n d  d e c r e a s e d  mummy weight r e s u l t e d  i n  

the l i g h t  p o p u l a t i o n  c o n s i s t e n t l y  h a v i n q  a lowar mean 

m u m m y  w e i q h t  t h a n  ths h e a v y  p o p u l a t i o n  f r o m  g s n e r a t i o n  

3 t o  g e n e r a t i o n  3. When e x a m i n a d  o v e r  g e n e r a t i o n s ,  t h e  

d i f f e r e n c e  i n  mean mummy w e i g h t  b e t w e e n  t h e  p o p u l a t i o n s  

i n d i c a t e d  t h a t  the h e a v y  p o p u l a t i o n  was s i g n i f i c a n t l y  

h e a v i e r  than the 1 i q h t  p o p u l a t i o n .  When each q 9 n e r a t i o n  

was e x a m i n e d  s e p a r a t e l y ,  s i g n i f i c a n t  d i f f e r e n c e s  

b e t w e e n  t h e  i n d i v i d u a l  mummy w e i q h t s  i n  t h e  two  

p o p u l a t i o n s  were o n l y  o b s a r v e d  i n  g e n e r a t i o n  5 of t h e  

females and g e n e r a t i o n s  4, 5 a n d  3 o f  t h e  males. 

A r t i f i c i a l  s e l e c t i o n  d i d  n o t  r e s u l t  i n  a n  i n c r e a s e  

i n  mummy w e i q h t  over that o f  t h e  base p o p u l a t i o n .  



CHAPTER I 

CONCLUDING R E M A R K S  

W i t h  w e i g h t  i n  &. s m i t h i ,  v a r i a t i o n  i s  t h e  r u l e  

r a t h e r  t h a n  t h e  e x c e p t i o n .  I t  is the p r e s e n c e  o f  t h i s  

v a r i a t i o n ,  and its d e p e n d e n c e  upon o t h e r  p a r a m e t e r s  of 

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

s t u d y  of w e i g h t  a w o r t h w h i l e  v e n t u r e .  As well a s  b e i n g  

t h e  e x p r e s s i o n  o f  t h e  g e n o t y p e ,  t h e  w e i g h t  of a n  

i n d i v i d u a l  i s  a n  expression of t h e  history o f  a n  

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

e n v i r o n m e n t  i n  w h i c h  ths i n d i v i d u a l  d e v e l o p e d .  

E n u m e r a t i n q  t h e  i n d i v i d u a l s  i n  a p o p u l a t i o n  o n 1  y 

t o u c h e s  t h e  s u r f a c e  o f  the a v a i l a b l e  i n f o m a t i o n .  T h e r e  

is a n e e d  t o  go  b e y o n d  this t y p o l o g i c a l  a p p r o a c h ;  

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

i m p o r t a n t .  

The  p r o b l e a  v i t h  v a r i a t i o n  i s  t h a t  i t  is d i f f i c u l t  

t o  i n t e r p r e t ;  the i n d i v i d u a l  c a u s e s  of  t h e  v a r i 3 t i o c  



must be  u n d e r s t o o d .  After m i n i m i z i n g  t h e  

w i t h i n - i n d i v i d u a l  c o m p c n e n t  o f  w e i g h t  v a r i a t i o n ,  i t  was 

f o u n d  t h a t  much of t h e  v a r i a t i o n  i n  p a r a s i t e  w e i g h t  is  

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

q u a n t i t y  o f  f o o d  a v a i l a b l ?  i n  t h e  h o s t .  f l e a s u r a b l e  

g e o g r a p h i c  v a r i a t i o n  i n  p a r a s i t e  w e i g h t  u a s  f o u n d  t o  be 

c a u s e d  by  e x t r i n s i c  e n v i r o n m e n t a l  d i f f e r e n c e s  b e t w e e n  

t h e  two l o c a t i o n s ;  h o s t  age v a r i a t i o n  i s  p r o b a b l y  a 

plajor cause of t h e  i n t r i n s i c  p a r a s i t e  v a r i a t i o n  a t  t h e  

two l o c a t i o n s .  The r e s t r i c t i o n s  p l a c e d  o n  p a r a s i t e  

g r o w t h  b y  t h e  h o s t  a l s o  l i m i t e d  the p o t e n t i a l  

d i v e r g e n c e  b e t w e e n  a r t i f i c i a l l y  s e l e c t e d  h e a v y  and  

l i g h t  p o p u l a t i o n s .  V a r i a t i o n  i n  h o s t  w e i g h t  is  a n  

i n s e p a r a b l e  p a r t  o f  v a r i a t i o n  i n  p a r a s i t e  w e i g h t .  It i s  

h o p e d  t h a t  t h i s  t h e s i s  w i l l  c o n t r i b u t e  t o w a r d s  t h e  

u n d e r  s t a n d i n g  of b o t h  p a r a s i t e  w e i g h t  v a r i a t i o n  a n  d th? 

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