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ABSTRACT -, 

O v i p s i t i o n  preference  of the aphid parasite, h u u n  

p e  quodorum Viereck iffymenoptera: Aphidiidaef , for apterous 

instars of the pea aphid, A c y r r h o s i p h o n  pisum ( ~ a r r i s )  

(Hornoptera: ~phididae), was investigated in the iaboratory. I n  - - i 
t 

separate experiments, the parasite was ofiered equal numbers of - 
the four host i n s t a r s ,  iri pairs and together, simultaneously. 

The preference p a t t e r n  r a s  evaluated by firting log-linear 

models to the total number of eggs laid in each instar, and t h e  
- 

cotal number of aphids of instar attacked, as determined by 

dissecrior. The calculated 6robability ratios and their 95% 

confidence intetvais indicated a preference for iargrr instars. 

i n s t a r s  were o-ffered ir, pairs,,and i < ('11 = I i . 1  = IV) when all 

four 1z P :a rs  were  provided sirnuitaneously. . 

expefce5 popclar:?r 2 r o v z t  of r h e  pea a p n i d  u a s  examined by the 

e s t ~ n a z i o ;  -of rhe ic?rizsic rare of n a i ~ r a i  increase. r . m 

I n s c a r s  1, I and I 1 1  did not reproduce after parasitization. 
- 

Aphids parasitized ir .  the f o u r r h  instar were able to reproduce 

f o r  3 s n o r c  period g r i c r  r ?  d e a r k ;  z n e i r  r was about 50% less. m 
. . .- 

t h a ~  t h a t  ~f a n m r a s i  t ~ z e d  contrcls. Parasitism of 

pre-  v~-- -&.JP c. ,uL - - w  + i a r ~ s r o 5 x z : v e  adults 3 ns: a f f e c t  r 
m 

slgrif icantLy. 2 



~ o s t - s t a g e r  preference is an' important 
r- J 

determinant of n 

parasite's effectiveness in controlliflg the- host population; 

Host size, behaviour. and availability influence p-ef&nrck.  - - 

Also, the experimental design and method of evaluation may bias -- 
J 

conclusions about preference. Possibly due to other biological 

characteristics, the potential appears 
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CHAPTER I - 
GENERAL I NTRODUCTT ON 

The premise of classical biological cont~rol is .that 

organisms are held at low,. noninjurious levels by their natural 
P 

enemies 4Huffaker e t  a l .  1 9 7 6 ) .  Many introduces and some native . 
t 

pests of agricultural importance have been successfully 

controlled by the use of theif parasites (Hagen a t  a / .  1971; 

Rabb 1 9 7 1 f .  Much information dn the biology and host 
Z 

relationships of insect parasites has Zome from laboratory 

tigations which provide data that are useful . i n  
- 

hostLparasite in'teractions and identifying what 

kind of information is important for the planning and evaluation . -  
3 

of biological control {Doutt er a ! .  1976; Waage 6 Hassell 1 9 8 2 ) .  

I 

The effectivbness of a parasite in controlling its host 

sppears E G  be dependant on several factors, including biological 
- -  - -  

and e c o l o g i c a l  characteriszics of rhe parasite and the host, as 

we;: as t h e / e n v i r o n r n e c z  LMcxauer 6 van den Bosch 1973;  Doutr er  

a! . ? 9?6;  Waage i HasseiL 19823. The significance of any 

particular factor will depend on the situation and on the ' 

tftaracterist its of rhe. hosr-parasi  te association. 

- - 
Many aphid species k3ve overlapping generations (Dixon 

' 9 8 5 : .  As a resu:.. several developmental stages !ir.stars) may 

be available at a given rime ?or para.sitization or predation by 
- - - 

na ta ra :  enemies., Whereas several studies have shown that 

paraslcized aphids scrvive for some time and mayaeven  reproduce a 



@,- b 
. .  

f o r  a c e r t a i n  p e r i o d  b e f o r e  dea th  (Campbe11 6 

b k c h e .  1984)~ t h e  e , f fect  of t h i s  lag per ibd  

c b n t r o l  p o t e n t i a l  is not  wel l  known. 

Mackauer 197 5;( Li.u 
- 

- 

on t h e  p a r a s i t e ' s  

The l i f e  h i s t o r y  and h a b i t s  of t h e  ~ e a - a p h i d  were s t u d i e d  by 
\ " t 4 v 

R. E. Campbell ( 1 9 2 6 ) ; ~ o o k e  ( 1 9 6 3 ) ,  A .   ampb bell^ (1970. among 
r y ,  . 

o t h e r s .  The a p h i d  is a  common pest of leguminous c r o p s  s l c h  . a s  
> 

a l f a l f a ,  M e d i c a g o  sari va L . ,  and' peas ,  P I S  urn s a r  I vum L. Tle I ' .  
aphid  i n f e s t s  t h e  leaves, s tems,  p e t i o l e s ,  and flower buds.  and . 

feed: on t h e  sap .  I t  i s  e a s i l y  r e a r e d  on broad bean, 1 ' 1  c k a  f o b a  
2 '. P 

b U n d e r  l a b o r a t o r y  c o n d i t i o n s ,  reproduct  ion by t h e  peaa-phid i s 

pa r thenogene t i c ,  v i v i p a r o u s  and the lyotokous  , and t h e  progeny 
+ 

a r e  predominanblJy , a p t e r o u s .  Therq a r e  four  nymphal i n s t a r s '  
a b \ \ 

followed by' a  s h o r t  pre:r+eproductive pyriod in the  i idult  s t a g e .  . 'r 
L 

The d i s t ingu i - sh ing  f e a t u r q  o • ’  t h e  four  i n s t a r s  r e  giveh i n  A .  Ps 
Campbell (1974) .  ' .  % 

0 

The l i f e  h i s t o r y  and bionohCcs of t h e  hyrnerroprerous h m r i - l y  

Aphidi idae w$re reyiewed i n  d e t a i l  by Stqry: l g ? ~ , .  Femaies o f  
I 

mos; Aphidi idae a r e  a r rhknotokous .  Unmated t e & l e ; m n a p l c i d  ' ' 
- - 

eggs ,  which develop  i n t o  males? whereas mated-emales l ay  

hapld id  and d i p l o i d  e g g s ,  wh'ich develop  i n t o  male3 and females ,  

r e s p e c t i " e l y .  Each success • ’  u l  ovipos i  t ion , r e s u l t s  i n  a s i n g l e  

It 
egg being l a i d  in  t h e  hemocoel of t h e  hos t .  ~ u p e r ~ a r a s i t i s r n  i s  

common under  l a b o r a t o r y  c o n d i t i o n s .  I r r e s p e c t i v e  of the  rwmbec 
f .  

of eggs l a i d  i n  an i n d i v i d u a l  h o s t ,  u s u a l l y  only one p a r a s i t e  
\ 

l a r v a  completes  i t s  development wi th in  a  s i n g l e  h o s t .  
' 4 

* 



/-- - 

' 

The parasite l a r v a  feeds i n t e r r i a u y  on'the aphid u i l  only 

the ictcguacnt remains., The hardened integument, which develops 

unique c h u r & c t t r i s t , i c s  depending on the parasite - - 
d --.--y 1 

called a mummy, The mature P r o o n  l a r v a  spins i t s  cocoon below 

: used t h e  pea aph id ,  A c y r : h c r r p h o n  prsuyr! .(~arris)', and its 

parasite, P r a o n  p c q u o d o r u m  Vitreck, a s  a model system, to 

sddrcss the !aiIorinq gues:ions: 1 )  H o w  does a parasite 
9 

distribute its eggs among different developmental stages of its 

host? and 2 )  what influence b t h s  observed egg distribution " -  par t e rn  have ~n :he- th and reproduction of the .host? 



Introduction 

The subject of host preference by insect parasites 

(parasitoids) has received coasiderable attention In recenE - 

y e a r s , . h n r  ex-apples.-can be. found in the literature of- parasi-t-es--------- 
- 

that attack several host  species bGt prefaer one .(Drooz & Fedde 
- 

1972; Calvert 1973; van Afphen 1980) .  In addition, when s e v e r a l  

developmental stages" of the host species are available for - 

1, 
parasitization, many parasites prefer oner or several of t h e s e  . 
stages over others (Lingren cr a / .  1570; Miller 1970; Richerson 

& Deloach 1972; Elackauef 1973, 1983: Duodu b Davis 1974 :  Hopper 

Prefe-rence is .,indicated * i f  the relative frequency- of 
-P 

parasitized host classes differs from the relative frequency of 
- . - - -  - - - -  - 

ava i lab le  host -classes (Mackauer 1983; L k r i - ~ ~  o l .  1 9 8 4 ) .  This 
k Q 

definition of preference can be applied to a v a r i e t y  of . 
tions including c a s s  in which the paras0ite has a choice 

ween different host species as well as cases i n  which 
L 

different developmental stages of a single host species are 

of some of the factois that  may influence parasite choice. Host - 
* - - -- - - - 



- -- Bo-r-&@m--r5J77), and* (Rirh -- r 96~,siz4LfffirEersm -i - 
Wloach ? 9 7 2 ) ,  b v e  been shown to influence a parasite's choice. 

> - - - -  - - --- 

Preference fur certain host ins tars  by some m e s  of 
-1 

T* 

aphids has  b e e n  reported iWiackouski 1962: - W x  e t  - a1 , 1967; 

Stary 1970 p. 168: Xackaucr 1973, 1983: ' Liu e i  a 1 .  1984). 

~nstar-preference  appears to be the outcome -of a complex 

interaction between host  and parasite. -- Once a searching pa rasite . 
-- - --- 

- - --- - - - -- . - - 
female has Clicouritkred-a hdst ,  ih; must decide-if XIS  host- - is 
acceptable and6 i f  acceptabfe, whether t o  l ay  an*egg or continue 

. . 
searching. This decision is u n l i k e l y  t o  .be based on any sinqle 

- - -- 

factor;_ more likely, several fact'ors wi If be involved. 
# 

~ccardingly, an appropriate measure of preference would be one 

t h a t  reflects -the cwplexi& of the  decision-making process. - 
Such a measure, as the  probability that a host  will be 

- parasitized, serve as a basis for anaiysing the  

host-acchptance behaviour of parasites and. f u r t h e r .  could allow 

one tg r e l a t e  this b e b v i o p r  r o  t h e  dynamics of t h e  
- - -- - - 

host-parasite i n t g r a c t i z i n  a meaningful way. - 
My objective was to examine host-instar preferences,  if any. 

of P r ~ o n  p r q v d o r v m  Viercck, a parasite of the pea aphid ,  



Materials - and Methods 

Stock colonies of pea, aphids were maintained in the 

laboratory on potted broad bean planrs, Vr ci a faba L. c v .  'Broad 

Windsor'. Bean seeds were- planted Qin garden mix soil. Adult 
C 

aphids were transferred to fresh bean .plants each week to 
4 - 

' I proyide a succession of vigorous coloni'es. 
I 

& 
- -  - - 

' / 
a - A* culture of P. was maintained in the laboratory. 

it was established in 1982 from a sample*obtained from Dr. D. J. 

Sullivan of Fordham University, Bronx%, N.Y., U.S.A. Mated female 

parasites were allowed to parasitize third- and fourth-instar 

I aphids from a stock colony, kept in wax-paper cups. After 8-10 
e ' ,  

h, the parasites were removed by aspiration and the aphids were 

transferred to potted bean plants in plexighass rearing cages 

( 3 3  x 34 x 44 cm), kept at room temperature. Mummified aphids 
\ 

- -- 

ts-er-toi1ected frm-f<3e coiorry a n a  he-1% separate! y . Upon 

emergence, male and female parasites were fed a s~:utlon of 

honey and water .  A new batch of paras.ites was, thus produced 
b ' .  

e v e r y  week. To enhance parasite longevity, the sto.ck culture was 

maintained in a controiled envFronment chamber at IOzI 'C ,  

D e s r g n  of E x p e r r m e n r s  

+ 

Two types of experiments were conduc ted  i n  ~ r d e r  zo detect 

preferences, i f  any, in P. pequodorum, for four d i f f e r e r t t  age 

c l a s s e s  of the pea aphid, namely, 1824, 4 8 2 4 ,  1 1 4 5 4 ,  and 13824  



, h;  these ages correspond-to the four nymphal instars of apterous 

viviparous pea aphids. In the first set of experiments - A  a E - f o u r - - - - -  - 

aphid instars were c o m ~ r t d  in pairs; in the second set of 
-- - - - - - - - - - - 

experiments, a l l  four i n s t a r s  were available to parasites a t  t h e  
- 

same time. 

For all experiments, synchronous colonies of aphids wer.e- 

obtained by the transfer of adult aphids to bean plants for 8.h. 

Any offspring produced during this tihe were reared on bean 
- - - 

- -  - 

plants a t  2021 'f and 5055% R.H. Individuals from each age 
. 

class were marked by antenna1 amputat-ion (Mackauer 1972)  to 

distinguish the different age c lasses .  

Female parasites intended for use in experiments 

maintained at 2021 "C after emergence. For. all experiments. I 

used "naive" females, r . e .  , females that had not been exposed to 

aphids  prior to the experiment. This was done to avoid the 

influence of experience on choice of host. A l i  tests were done 
- - -- - - --- 

i n  15 .5  x 4 cm plastic cages [Mackauer and Bisuee 1 9 6 % )  that 

conrained a bean shoot piacgd in tap water. 

Experiment A was designed to compare all of tne six possible - -. - 
pairrise combinations of instars 1 , 11, 1 1 1 ,  and IV, each 

\ 
combination ca l led  a host group. Each group included 24 mated 

6 ,  

1 

female parasites which were placed together with their paired- 
* 

hosts, one parasite per cage, 'for 6 h. Each cage contained 30 

aphids of each of the t y b  host instars in that group. The aphids 



intrbduction of the parasites. Hter 2-3 days.ssmplerroi~S-of--- 
- - 

each instar in each host group were dissected, and the number of 

paraqite eggs found per aphid was recorded. gor a given group, 

the numbers of eggs laid in h of the two instars within each "f * 
8age were summed to obtain two grand totals. Similarly, .grand 

* 
t o t a l s  of the n h b e r s  of hosts attacked in eakh of the two 

- 

i n s t a r s  were obtained for every group. The results of all six 
- 

grorips were analysed as a single experiment vi th-a completely---- - - 

balanced incomplete block design. 
6 

In Experiment B, fifteen individuals of each of the four 

i n s t a r s  were ex&sed together to a - single parasite. I n  this 

c a s e ,  a sample of ten aphids from each of the four 

dissected, and the numbers of eggs found per aphid recprded. The 

experiment was replicated nine times v i i h  ninejdifferent. 

parasites. The numbers of eggs laid in each aphid and the 

numbers of aphids attacked in each instar v e r e - s w a m e d - m u M -  
i 
r 

replicates to o b c a i n  t v c  grand :3tals for each c! :he f o u r  

St at  i s t  i c a l  A n a l  y~ F S  

The dqta were ana2ysed i r ,  two parts. In the first part. 

parasite oviposition was considered to fsllor a Poisson 

distributios whict %as a n a l y s e e  by the •’it:ing of a log-linear -- 
modei with the a i d  fig 

f -  - a statisr:zai p a c ~ a g e  fcr Generalized 
- 

Linear Models, GiIE !Baker & Nelder 1 9 7 8 ) .  The data were 

cross-classifici in accordance wick t w c  factors, instar and host 



group. All prasites vere considered to be identical in that 
- 

their egg-laying habits presumably did not differ significantly 

f ram each other. ~ierarchial log-linear models were fitted . to- 
- - -  

the grand t o t a l s  of the numbers of eggs lai-dyaphl'd from- 

experiments A and 8, 

The second part of the analysis was.technically the same as 

the first but, in this case, the totals of interest were not the . 

-- - n u m b e r s  o f -  egg-sP-la i-Sjapli i-d, butrather the numbers of -has t s 
- - - -- - - - -  

attacked. That is, the presence of one, two, or more eggs in an 

aphid meant that the aphid had been parasitized. 

T h e  Log-1 i n e a r  h o d e l  

Useful reviews on the sonstruction and use of log-linear 

models include those of Fienberg ( 1 9 7 0 )  and Heisey ( .1985) .  The 

analysis of multi-dimensional tables and categorical data *were 

d The models used in the analysis were 

Given an I x J  table with instar and 
8 

variables, respectively, 

Let 8 = In ( A .  .), 
i j 17 

Haberman 
tc 

( 1 9 / 8 ) ,  and 

constructed as follows: 

group as row and column ' 

where 3 is-the expected number of "occurrencesn in instar i 
i j - n 

when placed in the,comparative situation of column j. Occurrence 



1 

means, for the first part of the analysis, that one egg was 
- - 

- - -- - -- - - - -- -- - 

I 

aeposited while, for the second pa& it means that an aphid was 

. 
pczrdsltrzed. 

A 

B - - -  

The model has the form 7 

Analogous to the ANOVA model, a and P represent instar and. 
i j 

ivTl-= -c=- - - - 
-h=t g~€q~-if*s, y I and M i s the-grand--miiaT o f 

ln(ocurrence probability). Thus, instar r and host group J are 

assumed to contribute a given amount ( 5 )  to ln(occurrence- 

probability). , - 
t - . 

B 

One wri6es B for the value estimated, or fitted., by the 
i j 

*ta andlykis, and'@ o r  the arithmetic mean of 0 
i+ i t  B , ' B i z .  i 3 '  

Gi4' Bi5, and FI (not,e that three of these are "phantom" 
i 6 

cells). Just as ?3 is a composite estimate of ln(expected 
i+  

number of occurrences) for instar r in general, so also X 
i+' 

defined as exp(0 1 is a composite estimate of the expected . 
i+ . 

number of occurrences. 

Extending this idea, ?3 - B is a general comparison of 
2+ 1 + 
-- - -- -- 

instars I1 and 1 on f h e  natural logarithmic scale and is an 
-- 

esXTimte of m F f F G F 8  - 0 , while X / %\ is an estimate 
2+ I +  2+ 1 + 

of h / h and is a general'occurrence rate rati0.a~ well as 
2+ I +  



an occurrence probability ratio of instars I1 and I.' Note that 
-- - - - - - - -- - - 

T - - - a n a A . ~ r e  actuary est imated and true geometr.ica1 m'eans 
1+ 1 + 

. site estimate or A 

the expected number of occurrences for instar i , -one assumes- - 
- - -- 

that instar i contributes a fixed amount to ln(expected. number 
i 
L 

of occurrences), irrespective of the group. Such an assumption 

is necessary to determine the structural relationship 'between 

instar and group. The purpose of pooling the six host groups 

into one analysis is that, -under the entirely re~sonable model- -- - 
I C "  

assumption, additional infbsmation (and hence' khorter confidence 
* 

intervals) can be brought to bear upon, say, X / X +, 
- - - --- -- - " 

3+ 
from , 

- - - -- - -- - - - - - 
- - -- - -- 

A- 

indirect evidence in groups 2 and 5 and elsewhere, to enhance 

and sharpen the direct evidence in group 6. The standard errors 

used to calculate confidegce intervals for the probability 
I 

ratios were adjust to account for overdispersion; . / 

The goodness of fit of the models to the data was measured 

by the deviance and the changes in ; h i s  deviance for  the l arger  

Results 

I n s r a r  p r e f e r e n c e s  of P. pequodorum 

The experimental r e s u l t s  suggest that P. pequodorum exhibits 

a distinct -preference pattersi-~ent3eepraSit~was offered ' 

- G f h - r e n - t  ilOftinrtdr a + m p i i s e  cmmbinat ions (~xperiment A .  

-Table 2 . 3 1 ,  the pattern can be summarized as the order of . 



preference for the four instars, as 601.10~s: 3 

-- - - 

However, when all four instars were presented simultaneously 

(~xperiment B, Table 2 . 0 ,  this preference pattern changed to: 

I < (I1 = I11 = IV) 

- - - - .  -- - - " A  Although both patterns differ slightly from each---ather, as . 

should be expected, both indicate that instar I was least 

preferred by P. peqtcodorum while instars I 1  and IV were .either 
- -- - -- - -/ 

-- - - --- - - - - -  - --- 

equally acceptable as, or were slightly less adceptable than, 

The estimator of preference is the ratio of choice - 
. or ~oisson counts, P. . , .on the logarithmic scale 

1 / J  
(Tables 2.3-2.6). T h i s  estimator is a direct function of the 

prodability that, given a choice between any two- instars, the 

parasite will prefek one over the other.-  k P estimate of 1.00 - - - 

/ I  
indicates no preference. A P. . significantly greater than 1 .OO 

l. / J  
< 

indicates distinct preference for the instar shown in the 
P 

numerator. The si$.nif icance of any partiqular estimate of P. . * 
, ! / J  

is determined by its 95% confidence interval. If the interval 
- 

, - 
does not include a vaiue of t .OD, one can conclude -that, under 

these  e x p e - r ~ e ~ a ~ - - c r m & ~ ~ i ~ n s , - t h ~ ~ B s ~ ~ ~ ~ ~ i t s  a distinct 

Fe-f~ns.w.ze-C B y e w t t r a s t ~ e - m c e  interval that rncludes - 
1.00,, suggests a lack of preference. Any values close to 1.00 



--- - - - 

- - -- 
- - - - -- - - - - - - - 

should be interpreted with caution. For example, P,l,Iy = 1.027 

did not distinguish between Instars IZ and IV, Estimated P. - 
1 !I 

*values for Experiment B (Table 2 . 4 )  are apparently conservative, - 

probably due to an insufficient humber of replicates. 

In the paired comparison experiments, the total number 6f 

eggs laid in the different series varied. The number of eggs 

l a i d  increased as the parasites we-re presented with older aphids 
-p--p--L-------- - 

- -- -- 
(Table 2 .1 ) .  Egg fofafs thus increased from group l---to group 5 - - -  

buf decreased sharply in group 6, in which the parasitbs were 

offered instars ~Tf%and IV. In Experiment B  able 2 - 2 1 ,  the es- 
- - -- -- - ---- - - 

totals again increased with the'instar, but were smaller than 

any of the totals in Experiment A .  Superparasitism was observed 

in both experimental series. The percentage of superparasitism 

was generally less than 10% of th'k total number of eggs laid. 

G o o d n e s s  of f i l  

,. The difference between the observed value (full model) and 

the fitted value (current model) of the variable is the 

deviance. It is an indicator of how well the model fits the 

data. In the process of fitting hierarchiaf.log-linear mode-ls to 

a given set of data by iterative methods such as those-used in 

the analysis presented here, t,he deviance is calculated for each 

level is achieved. The siqnificance of the d ~ v i a n c ~  , .  1s +hpn 
-- - ---A - 

tested using tabled x 2  values. -_ 

L 



In the first part of the analysis (Exprimen-t A ) ,  which was 

. with 3 degrees of freedom was obtained by f 1-1 . 

L1 

consisting of the grand mean P and-instar effect a . as-compsrcd -- 
1 

to 3 model consisting only of-he g,rand mean U. By further 

adding the group effect, 8; , an additional drop in deviance of - - -  

125.8 with 5 degrees of freedom was obtained. Comparing these 

two statistics with their respective degrees of * freedom with 

- -- ratdzi--xtVZIues, one fmds that both are highly significant .fP . 
> - -  * - 

r 0.0001). The same procedure was followed for the second part 

of the analysis of Experiment A ,  which was based on the numbers 

-- 
-- 

- 

- 

-af-hosts a t t a c l r r d ; T h - - i n T e E a n c e  frohfitting a. after- p 

\ was 3 1 . 4  with 3 degrees of freedom. A further drop in deviance . 
of 97.3 with 5 degrees of freedom was obtained aftor adding the 

group effect fl . Both these statistics were highly significant 
j 

The final model consisting of the grand mean, instar effect 
. . 

and group effect had q deviance of 9.2 with 3 degrees of freedom 

(P ' =  0.03). The small P-value suggests a highly significan* 

effect of instar and group in improving the fit of the model. By 

introducing additional terms representing complex interactions 

between a and 8 ,  it might have been possible to reduce the 
- 

deviance, but this change would have made the model more 
Q 

complex. a f b e t  thatrauld-ha-oatr-i-buteb-f icul t i es of * 

interpretation. - - - 



* 
eggs laid by any a•’ fhe -&:asitrs ia 

order to get around thii qroblem, ,leifry's Prior Distribution - - - -  
- - 

was used, in which. an amo;n$ of 0.5  was a'dded to the totals of 

'each instpr before the data were-nalysed as a one-way- ANOVA - 

I 
design of a Log-linear model, 

- - 
The -- - models --- fitted to the res~lts-~f3perhmyt R u e r p e d  ' 

. - - -  - -- + - -  - - 

for g~odn&ss+if-Nt as - above. A model consisting only of the . 
. . 

grand mean, when fitted to the results based on the number of 

freedom (P < 0.0001) .  When instar effect a was added to the 

model, the deviance dropped to 0, with 0 degrees of freedom. 

Sirre  this model could not be tested, the model 4with only the 
.. 

r /  . 
-') 

, grand mean was considered for the computation of preference 

f,-; probability ratios.. Results based ,o_n the number of hosts 

sttacked were fitted similarly to a model consistinq only of the 

- grand mean. This resulted in a deviance of 57.with 3 degrees of 
a 

freedom (P < 0.0001) .  The conclusion, again, is that the model 

provided a good fit to the data. 





- 

Table, 2 [ 2  '~uam&r~ of host-inetcr preference 'by P r a o n  .pepuodorum - 
In - 10 females) for each of four instars provided 
d a u l ~ a n e o u s l y .  Totals are based on 10/15 aphids dissected in 
t a c h  instar in each replicate. 

-a - - --- a- -- - - - - - I n s t a r '  e Totals - -- - - - - - - - - - --- - - 
- $5 =-<. . VakibbLi 

I I I I I I 
1 1  

IV 

-- 

No. hosts dissected 
- - -- - 

90 90 - -- - - 90 @ 90 

NO, e g g s  laid 0 26 37 4 1 

NO. hosts attacked 0 24 35 - 39 

Nc. eggs laid/aphid 
attacked: mean 

S.D. 



- .  , 
Table 2.3 ~ s t i m t e d  probability r a t i o s ,  P i , , ,  of ins tar  . preference and their 95% cdnfidence intervals for 

experiment A {number of eggs laid/aphid) 



h 
Table 2.4 Estimated probability ratios, Pi/,  , of instar 

preference and their 95% confidence intervals for 
experiment B (number of eggs laid/aphid) 

A O S T  mSTA * 
ESTIMATED 

a- - - - - - - ? - 
GROUP MAKEUP u LOW -- Pi / j  HIGH 

t I ~ / I  2.2227 52.9845 1263.04 



__//__ 
-- - -- 

- C - -  - 

- 

, , 
/ , 

, 

2.5 iLted probability ratios, 
/ 
,- preference-and their 95% 

experiment A (number of hosts attacked) 

Table 



Table 2 . 6  Estimated probability ratios, P i / j ,  of instar 
preference and their 95% confidence intervals for 
experiment B (number of hosts attacked) 

HOST I NSTAR EST1 MATED 
- - - -- - GROUP- - -  

- - p i  /, -- H I G F  - - 

1 I I / I  2 .1356  51 .0089 * 1218.33 



Discussion 

- -  - preference was measured based on the numbers of each instar 
- 

parasitized among these available during a fixed period. Given 

that all instars were equally available and had an equal 

probability of being parasitized, the numbers of each instar . 

parasitized then represent the numbers of encounters between the 
- -  - --- - -- 

parasite and-individuals of that instar that led to -successful- - 
-. 

oviposition. Expressed as a probability, this number reflects I 

the preference.of the parasite fqr that instar. Each host instar 
- -- - - - 

+ - :--- - 

represents a particulsT combin a $ion of related factors or 

attributes. Thus, the'probability of an instar being para itized C 
can interpreted as the degree of attractiveness of that 

particular dombination. On a relative scale, the ratio of any 

two probabilities enables different instars to be ranked in 

their order of a t ?  ractive-wss for oviposlt-or - .  P .  rcrrlkrng - 

order is a measure of 'how the paraeite apportions its eggs among 

Obviously, a . study of instar preference would entail 

answering the question: "What is-the effect of different host, 
* > 

instars on parasite choice?" Until fairly recently, hypotheses 

based on such a question were analytically intractable, due to 

the fact that t k  data' r e ~ o l t  i n g  E-rmipTefErenCeest udies were in . 

the f o r m  of eetw&s-,-(+;~.-'re: d~ld,  strictly speaking, could 
r' 

not be analysed by methods intended for continuous data.  The 
0 



results of most preference studies to date have -been presented 
A - as UPx -e -(a-r 1- -- 

the indexes of preference were reviewed by Cock (1978) ;  ho.wever, - 

except- for ManlyS7s ( 1 9 7 2 )  index 8 ,  which was used by Hopper & 

~in~~(19841, - . they have not been used in analysing instar 

preference. 

One-of the -me_thods-pr opus& - f ~ ~ - t h e - - a n a ~ y s - i - ~ f ~ t q ~ r  i c 2 1 
- - - -  . . -  

data is by log-~in& ~odels (~ienberg 1970) .  This approach has 

been shown widely applicable t u  * a y r o p r i a t e  for many 

-- - di •’ Cerent sit "at - - ions - t H a b _ e r m a ~ ~ ~ l P Z B , - - ~ c ~ ~ k - ~ e - l & r  1 983 1 . 
Heisey ( 3 9 8 5 )  demonstrated the appropriateness of this method 

for the testing of resource selectivity hypotheses based on 
- - 

Ofanly's selectivity measure. 

fn studying preferences under laboratory conditions, the 

experimental design or method of  evaluation ~ U X T L P S  i-nt. A 

design that exposes a parasite to. all host instars at the same 

time more closely approximates a field sittation than, for 

example, paired comparisons; in this regard, the latter can be a - considered standard. It has been used in some of the recent 

studies on instar preferences (Liu e t  o l .  T984; Hopper & King 

19841. A single method of evaluation, however, may not provide 

a l l  the information. Some alternative methods, such as the 
- - - - 

met-rod of paired comparisons, are intuitively appealing. Paired 
- -- - - - -- - - 

- 

comparison= 3llow far the ' decomposition of a complex 

experimental environment into smaller, less complex, study. 



- - -- - - -  
- 

- - 

units, They are useful also in the identification of subtle 

f 
However,, paired csmparisons donot  a1 lowme to extr-t~ t h e  

results to a universe containing other than the different choice - 

_ categories within any one compari.son. When, applied to instar 

preference, this restriction would be unrealistic because, under. 

field conditions, an aphid parasite will normally be exposed to 

all the instars of its host. A more.realistic approach, ahd one 
- --- - -- - 

- - - -  -- - 
that will yield more meaningful information, would be to- 'pool' L- - - . 
the various groups into a single analysis. The extent t'o which 

the results from both experimental designs agree would indicate 
- 

--- -- - - -- -- 
- - - - - - - -- 

6nIy the sensitivity of the alternative design fi.e., paired 

&omparisons) but also the consistency of t h e  attribute(s) being 

measured, The fatter is of particular importance because it 

shows that, given a particular set of experimental cofiditions, 
- - 

the parasite will exhibit the same pattern of preference every 

time, within the - bounds of experimental v a r i a t  n and intrinsic 

differences between parasite females. 

In the paired comparisons of Experiment A ,  t he  addition of 

the group effect to the model with the grand mean and instar . 

effect resulted in a highly significant drop in deviance, ' 

indicating that the addition of-the group e.ffect improved the 

fit of the model. This means that the probability of a paired 

among grpups in the total number of eggs (see Table 2 . 1 ) .  Thus, 



the factors that influence every act of ovipo~ition in, say, 
- - - - - - 

- 

gr~up-t-~~-n-star f v s  i r ) ~ - - m a y . b e  subtly different . from those 

f m y ,  y~ ar I vs 1 1 1 ~ .  
T + r r  \ 

- ---- - - 

In moving from Experiment A to Experiment B, the environment 

in which the parasite makes a choice or exercises-a preference 

has become more complex, with a wider. variety-of choices, each 
e 

,exerting it's own effect on the parasite's Cehaviour, The net 

- e f fec& i s - a - ~hang+-i r~ovipofi+io~-behw t o ~  that-is--reEkcte- 
- - -  - - - -- 

: not so much in the preference pattern of Experiment A but in the 

discrepancy between corresponding P. ' / J  
estimates of the two 

In comparing the results 

.discrepancy in the magnitudes 

* 
of Experiments A and B, the 

of the ratios of instars 11, 111 

and I V  compared.to I becomes conspicuous. For example, in Table 

2.3, the Pi,, estimate in row 1 (instar 11/instar Id is 1.5256; 

the c o ~ u s p c m & i n ~  estimte i n  Table  2 . 4  is 52.%45. "% utic,ht be- 
* 

tempted to speculate on the difference between these two 

estimates, although it is not possible to assign, definitively, 
- 

any biological significance to it. In Experiment A, the presence 

of individuals of other instars in the same environment at the 

same time %seems to affect the- parasite" preference for a 

par t i cu la r  insfsf. In Experiment 3 ,  it appears that encountering 

hosts of different sizes serves to stimulate the parasite to 
- - -  - -- 7 - - - - - - P 

search for preferred instarsr ft is probably this effect that 
- --- 

manifests . itself as the discrepancy between corresponding 

ratios. 



It should  also be noted that there is probably a confounding 
- -  - -- 

-- --- - - -. 
- ~ae6or--inhere&n+&esign o t  Experiment 8. I f  parasite 

.Is 

-- ,111 qnd IV, then the'parasits had three times as many of the 

preferred instars to choose from. This condition would make it 

difficult t o  assess the reiative preference rating of first 

instar individuals, 

higher instars of A c y r t  h o s i p h o n  . p i s u m ,  but,  under certain 

higher instars, Reports on instar preferences among aphid L. 

r 

parasites were reviewed by Stary ( 1 9 7 0 ,  p. 168,). A critical 

e~arnination~of some .of the reports on,. f o r  example, P r o o r ,  

e x s o l  e t  urn Nees (Schlinger- & Hall t 9 6 O ) ,  T r r  o x y s  c o r n p l a n a r  us 

I Quilis (Schlingar & Hall 19611, and P r a o n  v o l u c r e  Haliday 
rn 

( B e i r n e 1 9 4 5 ) l s  f?anat the results presented are unsuitable 

for drawing .inferer,ces about the inst-ar preferences of these 

parasites. At best, the data allow one to conclude that most '  

stages of the hcst(s) were suitable for parasite oviposition and 1 
l a r v a l  development. 

+ 
Wiackowski ( t 9 6 2 j  was the first to investigate the instar 

preference of A p h i  di us smi t hr Sharma & Subba Rao, a parasite of 
- - -- -- - - -- 

the pea aphid. He found that secpnd and third nymphal instars 
- - -  -- - 

were prefered for ovipusition over first and fourth instars. Fox 

e t  a t .  (1967) noted a strong preference by A. smi t hi  f o r  the 



early first instar when instars were offered separately, one at 

these results. He first used the method of paired comparisons in 
-- - -  

studying the host selection anb host suitability of A.  r m i  t hi-. 

The parasite was offered different pairwise combinations of host- . 

age groups. Each combination had a test age group consisting of 

aphids belonging to one & seven age groups (0-4 h old to 192.h 

old) and a standard age group consisting of 48h-old aphids. He 
- 

foTndd ~ t ~ < t h e p a r % a s ~ e d d i d  n o m i s t i n g u i s h  bet ween ins tar s I I . 
u- - - 

1 1 i  and i V ,  but attacked instar I much less frequently than the 

others. 
- 

-- - - 
- -- - 

--- 
-- - - - - - 

r 

Recently, Liu et a ) .  (1984) described the instar preference 

of A p h i d i r s  s o n c h i  Marshall, a parasite of the sowthistle aphid. 

Hyperomyzus I q c t  ucae  (L). They found that when all the instars 

were exposed simultaneously,to the parpsite, more eggs were laid 

in instars II and III than in IV or I. One of the hypotheses 

being .tested was that egg laying within any instar folIowed a 

random distribution, which further implied that parasites 

searched for hosts at random. The authors found that, when each 

instar was offered separately to*the parasite, the resulting egg ' 

distributions were, in most cases, indistinguishable from 

random. Random search by A. s o n c h i  was thus shown to be a valid' 

assumption. They used a weighted analysis of_ variance technique 

to analyse preference m m g t h e d i f f e r e n t - - i f f - - r s i r  

analyses, - - as - the odeqresented -- in this*-mper, do not, however, 
C 

provide any information on the overall egg distribution between 



- 
- - - -  - 

the different instars. Such a composite egg distribution may be 

is to be expected when a parasitp prefers ~nn\l 

instars over others. - - -  

Liu e t  a t .  (1984)  suggested that one component of the effect 

host size may be refledted in random search-by the parasite. 
- 

The larger the host, the more likely it is to be encountered and 

parasitized. - Countering - this - is the fact that k ~ ~ r  h a s ~ m a y ~  
- 

be more diff'icult to-parasitize due to the increased 

response of the host, like 

-- - - - - 
hef ensive 

struggling or a greater proclivity to 
- 

fall off fhelhost plant. This behaviour would result in rn 
- - - - - - - ---- - -- - -- -- 

ore  

laid in less preferred instars which 

represent a balanced blend of all the factors involved in the 

interaction. 

Parasite experience is another factor that can inf luence 

' preference. Samson-Boshuizen %-r a .  ( 1 9 7 4 )  showed that the 
W 

degree of succeys of parasitization depends on prior exposure to 

the host. They exposed females of P s c u d e u c o r  I a b o c h e i -  Weld 
> 

(Hymenoptera: Cynipidae), a parasite of Dr osophi i a me!-.anogasr e r  
I , 

Meig. ,. to larvae of the host for varying periods of time. The 

parasite females were 'naive', that is, they had not been 

exposed to hosts prior to the experiment. The number of eggs 

laid, as determined by dissection, did not match the number of 

apparent ovipositions, as determined by observing the parasites. 
- 

Vhen the experiment was repeated with the same females following 
* 

varying periods of isolation from hosts, they obserbed mar-ked 



-- - - - - - - - - -  - 

improvement in the rate4 of success. ~sndline time also 

required several -trials, follored by a period of respite to be 
- f 

able to co-ordinate, properly .the various parts of the 
- -  - - - - 

oviposition act, such as the flexing and positioriing of the 

ovipositor, mobilizction of male sperm, and the movement o•’ the 

egg through the ovipositor. 

Host instar preference has also 
- - --- -- 

insect - host-insect -parasite systems. 

been reported for other 
- 

Hopper King (-1-984) f ouna " 

(~ymenoptera: Braconidae) that Mi c r o p !  i  r i  r c r o c e i p e s  (cresson) 

showed strong preference patterns 'for some ins.tars of t f e f i o t h i s  
-- -- -- -- -- -- 

1 

spp. (Lepidoptera: Noctuidae). The wasps preferred third-instar 

-larvae most, fourth- and second-instar larvae next, followed by 

first- and f i f th-instar larvaz van Alphen ( 1980 showed that 

Ter r a s r  i c h u s  spp. (Hymenoptera: ~ulophidae) , which are 

gregarious egg parasites of asparagus beetles, C r i o c e r i s  I 
I T  \ T * .  

gt . t u J , a-ea ~erween young and old b 
- - -  - eetle eggs. ' 

The parasites preferred older eggs (>3days old) for oviposition, 
- - r 

but fed generally on younger eggs (0-2 ,days old). 1Gstar 

preference has also been shown in A s o b a r a  t a b i  d n  ,Nees 

(Braconidae: Alysiinae) i (van Alphen & Drijver l982), Anagyr  us - 

i ndi  cus Shafee et a ! .  (Hymenoptera: Encrytidae) (Necho3.s. & 

Kikuchi 19853, Campol er i  s s o n o r e n s i  s  (Cameron) (Hymenoptera: 

Ichneumon idae 1 (I senhour t 985 1 . . - 
-- -- -- - 

--Bcrr- all the parasites discussed so far, 

,I 

the fact thaf>--/ 
1'' 

preference is not rigid and that eggs are laid in most of the 
6 

- 

, 
/ 

29 // 

, 
/ 

, 

/' 
,/' , 

- -- - , 



- - -  - --- 
- 

- - 
instars availame for partisitization indicates that an - 

- - -- - - 
- 

- - --assessmm3- dirferent types of hosts available may be one ' 

Ib 

eggs. The degree to which parasites control their host 

populations will depend , in large part, on the availability of 
- -- - host stages that are suitable for parasite larval development. 

Because not all stages of the host are equally suitable and 

, because the relative' abundance of the most suitable stages - 

--A- 

r 

--. varies both spatial-ly and temporal-ly; parasitic insects--tiaUveA----- "-  

developed an array of behavioural, ecological and physiological 

adaptations to utilize their hosts hDoutt 1964) .  Instar 
+ 

preference can be viewed 'as an adaptation to host utilization. .A 

kn&wledge of host *select ion contributes to an understanding of 

the population djnamics of the host and parasite species. and is . t 

, 
* 4 vitally important for 'the development and implementdtlon of 

, 

biological control and IPM prclgrams, as well as in assessing 
, 

\ 

- k - 

From the foregoing, I- conclude that P. p e q u o d o r u m  is least -- - 

likely tp oviposit,in first instars of the pea.aphid when other 
, , 

instars are--&ailable. As a resuit. the effects of parasitism on -' 
, /" 

hostpopulation growth are expected to be much less than what 
, 

1' 

they might be. This aspect will be examined in the next section 

of the thesis. 



Introduction 

Among the chief characteristics of a successful biological 

control agefit is the cbility to effect a signifcant depression 

-- - in t h e  host population - (Bfddington. er of  ,- 1978-; Huff aker --&--- ----- 

Ktnnctt 1969;. van 'Len 3 - L  ren 1980)~ In  the interactions betwkn 

- - - -  - - insect hosts and their parasites (perasitoids), various factors 
b 

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

arc thought to be important in determining the effecti'veness of 

parasit~s to control the host population, These include. 

bioXogica1 attributes 0 5  th-rasite such as its reproductive 
* < ,  

P 

potential , searching ebi  1 S y ?  host select ion behavior, sex %- // 

r a t i o ,  fecundity, time-tc-dult and host specificity, as well as 

orhrr  lartn-sS&h as  rf frcr  of w s 1 t l . m  on wwt ra . . 

s y n r h r m i z a t i o n ,  3nd adaptedness to the environment (Hassell & 

--- - 

%age i9BQ; Huf faker rr a [ .  1971; Mackauer 8 van den Bosch 1973; 
. I 

van Lenteren 1980; Waage & Hassell . l 9 8 2 ) .  

Different factors b y  vary in their relative importance, 

depending on the in general-, it is difficult to . 

rate factors on their importance - in determining the 

reproductive potential. 



In the study of aphids and their parasites, several authors 
- - - - - - - - -  -- ~- -- - - ~ ~  ~. --- * 

:-h&i&4~~Fv+&~t A if e f d s  & ln the early 

ars, t h e v b g ~  & +m nhn . . '-r 
I 

parasitized in the later instars or in the adult stage, they may - .- 

produce some off spring before becoming mummified ' (see Stary 

t9m p. 187). In such systems, the stage of the host at which - 

it is parasitized, or in other worgs; the patterw-of host-instpr 
/ 

preference exhibited by the parasite, becomes important in 
- -- - -- -- - -- -- - -.- - - -- 

-. assessing the effectiveness of the parasite in controlling the - - -  - 

host population (Liu & Hughes 1984; Campbell & Mackauer*l975). 

in-zqhi-d-+a~asLt=-is-pi t c M? 1 1 Altho&'instar w e f  --- - 

. _ documented (see previous chapter), few attempts have been made - 

, 
to assess the importance of such a behavioral adaptation with 

regard to the parasite's control potential. The attempts to date 

include studies by Campbell & Mackauer (19751, Liu b Hughes 

- C I ~ ~ C ) ,  Mackauer b Kambhampati (19841, and Rabasse 6. Shalaby 

In this chapter, I describe experiments conducted to examine 
- 

the effect of parasitism by P r a o n  pequodorum Viereck on the , 

reproductive potential of its host, the pea aphid. I shall 

compare the intrinsic rate of natural increase, r , calculated 
- m 

from life tables of pea aphids parasitized at different 
C 

preference is an important factor in determ?ning the 
- -  --- - - - - 

effectiveness of parasites. 
, 



- Materials - and Methods .-. 

X u l t u r c s  of' A. p i  s u m  P- j t a ~  
.- . 

. . 

described in the previous chapter. A -synchronous colony of - 

. . 

nymphs-of the pea aphid was produced by allowing adult aphids' to 

reproduce ,on potted broad-bean aants for 4 h. Any nymphs 

produced'during that period were transferred to uninfested bean 
,z 

'pl.antk and maintained at 20 + 1 O C  at 50-55% RH with a 
-- -- -- - - - - . -- - -- - 

photoperiod of _ 24"  h, Aphids of known age were- produced by --. - 

allowing the nymphs to develop until they reached the desired 

age. Mated, 2- to 3-day-old female parasites -from the stock . 
-- 

-- - --- -- - - -  - - - - -- - -- -- 

colony' were used in all the experiments. The females had been 
' -* Bk -9 
.gP .allowed to parasitize aphids prior to the experiments. . 

Desr g n  of E x p ~ r r m e n t j  . . 

~xpekiments were designed to compare the effects of 

on different developmental sAacces of A p rum., T w ~ n t y  
* v - 

pea aphid nymphs were placed in gelatin capsules (size 001, one 

aphid per capsule.  One female wasp was introduced into each- - 

capsule and allowed to parasitize the aphid, To prevent 

superparasitism, the wasps were allowed to attack each aphid 

-- - once only- Aphids thatghad been attacked were transferred to , 

small, numbered clip cages, each capable of holding a single 
? 

adult aphid, The cages were fastened to the ventral surface oh 
- - - --- - - -- - - - 

Qean leaves, one cage per leaf, where the aphid was reared ~until 
- -  - - - -- / 

mummification'. The cages were maintained in a controlled 

, environment chamher at 20 2 t • ‹ C  and 50-55% RH, under continuous 



- - - - -- - 
- 

- - - -- 

The cages were examined daily when dead aphids and* any 
- - 

progeny produced were counted' and removed. The instar, the 
e number of progeny produced, and the age at which death and 

mwification occurred were recorded for each gphid. This 
e -. procedure was repeatebfor different age groups of the pea aphid 

(Table 3.1). ~nparasitized aphids maintained under identical 

conditions served as controls. - 
- - - -- - --- 

- 

- < - - - -  

The effect of parasitism / by P. p r q u o d o r u m  on the 

reproductive potential of the pea aphid was assessed hy 
-- -- 

- - - -- -- - 
- -  - 

-- -- - - - - - 

constructing I X e  tables-for ten gro%ps of Bphids d i f f e r 3  in 

age at the time of parasitism between 0.5 and 9.0 days. Average 
0 

daily fecundities (age-specific fecundity), m , and survival 
X 

rate, 1 , were calculated. From these data, the intrinsic rate 
X 

of increase, r , for each group, was calculated from t h e  ' 

m 
Lotka-Euler equation (Andrewartha & Birch 1954)  

by iterative substitution of the v a l u e  of r . Other b i ~ l ~ g i c a 1  
m 

w 
statistics such as doubling time (DT), g e n e m o n  time (T), 

gross reproductive rate (GRR), and net reproductive rate (Ro) 

were also calculated. The data were jackknifed according to thev 

procedure described by Sokal 6 Rohlf ( 1 9 8 1 ,  p. 7953 in'order to : 

I 

estimate 95% confidence 1 i i m i t s  ar%und l t h e -  estimated values of 



- - - - 

The relationship between the host age at parasitization, 

( AHPt, - and the -1 ength of-- repra8uct-ive- 
- -- - - - - - 

pe &xda t t r? r=  
- - 

parasit.ization, (LRP), was investigated . b y  fittinq a linear 
- -- - - - 

regression equation to the data. Non-linear regression models 

were fitted to the mean total fecundity (MTF), r , and DT with. 
m 

the aid of a statistical package (,~io-~edical Data Processing, 

H o s t  d e v e l  opmenr 

Parasitized pea aphids lived, on an average, 7.58 t0.4 days 

(mean + SD) from the time of parasitization to death. A complete 
Z 

external cocoon was observed under the empty aphid skin 

generally 24 k following the death of the parasitized aphid. 

I . Aphids* that were parasitized as early first instars, and late 

P 

instar, respectively. ,Those that were parasitized as third and 

fourth instars mummified as adults. The oviposition success of - 
the female wasps, expressed as the proportion of parasitized 

aphids that mummified among those in each group, was only 25% in 

. groups 1 and 2, but was generally above 50% in groups 3-10 

(Table 3 . 1 ) .  From my observations, it appeared that the wasps 

had considerable - - difficulty in_wrasi_tizin-g-first-insta-nsqhs 

successfully. This was confirmed later when only 5/26 aphids 
9 - -- - -- 

parasitized in each of groups 1 and 2 mummified. However, the 
4 



- - -- - 

wasps apparently had no difficulty parasitizing older aphids. 

---- The number of mummies i - ~  groups--3--1 0-rmgedf r~rn-l-07'2F1 n . v 
710 to 20/20 in groups 5 and 6. 

- - -  - - - 

Aphids parasitized at age 2 4  days produced some offspring - 

i" 

before mummification (Table 3 . 1 ) .  In each group, reproduction 

began six-days a f t e r  b i r th ,  The m values for groups 6-10 (host 
1 

X 

- - - age-- -5-%--daysat  parssl't-5zatlcn3-w+re similar to the 
-- 

" 

correspsnding control values, but declined abruptly as the aphid 
I, 

neared death. m values for group 5 (host age 4 days) were 
X 

(Figure 3 . 1 ) .  The length of the reproductive period (LRP) was - 
correlated with the age of the aphid at parasitization ( A H P ) .  

For 3.5 5 AHP I 9.5 days, LRP could be predicted from a linear 

regression equation of the form 

P = 1.2?943X - 2 . 7 2 2 9 5  . -L... 

where Y is the predicted length o f  t h e  reproductivesperiod oLl' a 

host parasitized at age X (regression r2 = 0,983, F = 224.91, P- - 
/ 
i 

< 0.0001 1. For aphids that reproduced after parasitization, as 

age at parasitization increased, the mew total fecundity (MTF) 
i 

increased as an exponential function of age. MTF for aphids.of 

age 4.0 S X < +a could be Gredicted from the equation 

P = 1 0 7 . 9 0 t 8 / f  1 + exp(3.9717 - 0.5627~))-'--- 
- - -- 

where Y is tfie predicted MTF for host age X (regression MS = 



- 

P o p u l a t i o n  g r o w t h  o f  t h e  p e a  a p h i d  

-ximiEatainable rate of growth of a population of 

stable age - di&r?bution is -as the intrinsic rate of 

natural ifxrease, r' (~ndrewartha & Birch 1954) .  Under the 
m 

experimental conditions of this study, only, aphids parasitized 

at age 4 days or older contributed to population growth. For 

groups 5 and 6 (host ages 4 and 5 days, respectively), r 
m 

increased exponentially and approached asymptotically a value of 
- - -- -- -- - -- - - 

0.5. Values for the aifferent groups are shown in ~able-3;2. 

curvilinear regression equation was fitted to r values for host 
rn 

--where Y is the predicted r for the pea aphid parasitized at age 
m d 

X (regression MS = 0.03938, F = 135.32, P < 0.005). 

- 
Doubling time, DT, is the time in days that is required by a 

w a f v - e r b :  i i  is inversefy-p~oportional t'o 

r (Andrewartha 6 Birch 1954). ,Thi ,s  relationship is seen in the ' 
m 

non-linear regression equation fitted to the observed values of 
- 

DT for host age 4.0-5 X < += (Fligure 3<3).-The equation is of 
- the form 

* Y = (b.2053/'(~ - 3.8298)) + 1.3938 

where Y is the-predicted value of the doubling time.for host age - 
at parasitization X (regression XS = 1 . 1 2 ,  F = 487. P < 0.005). - 

-- - -  



- 
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Figure 3.1 Age-specific survival 1 (sol.id lines) and daily 
, X 

fecundity rates r (broken lines) of pea aphids parasitized at 
x 

different ages. Arrows indicate age of host at parasitization, 

AHP. A )  AHP=P;,B) AHP=B; C )  AHP=6; D) AHP=7; E) AHP=8: F) AHP.9: 

G )  unparasi<ized (contro11. 



/ MEAN AGE fN DAYS 
/ 



Figure 3.2 The relationship between the mean total fecundity, 

EPTF, and the mean age dt pacasitization. Fecundity of 

unparasi t ized ( ) 
d 

which reproduction 

aphids was plotted .against the mean age at 

ceased. 





Figure 3.3 The relationship between the intrinsic rate of 

natural increase, r (o), doubling time, DT (a), and the mean 
m 0 

age at parasitization. Values for the unparasitized control 
d 

group ( @  and a )  were plotted against the mean age at which 

reproduction ceat2d. 



''I 



'means for describing the growth potential of a-population under - - 

a specified set of conditions (Southwood 1966). Changes in r 
m 

can reflect changes either in environmental conditions or in 

host  physiology, e.g., under the influence of parasitism, or 
* 

both. Thus, r can be used as a trio-climatic index in assessing 
m 

these considerations, one could evaluate the pest potentiality 

of the pea aphid under a given set of conditions, such as 

Va'lues of r in Table 3.2- indicate that parasitism by P. 
rn 

- pequodorurn of host-instars I, I 1  and I f 1  contributes 

significantly to aphid population reductions, as these ivtars 
- 

do not normally survive to the adult stage, and -sence do not 

reproduce. Aphids parasitized in the fourth instar have an r 
m 

+value approximately one-half  th unparasitized a p h i d s .  This , 
- 

implies that parasitism of a l a rge  proportion of fourth-instar 
/ 

nymphs from the population would also be of significance in 

checking aphid population Therefore, assuming that the - I 

parasite +has a chpice betueen all the host instars 

simuLtaneously, the  influence of parasitism on host reproduction 



Other studies have shown that, for Aphidiidae, the severity . 

primary parasite of the sowthistle aphid Hyperomyzur  I a c t u c a e  - - 

(Lj. The host-parasite interactions between A. sonch i  and H .  

l a c r u c a e  have been studied in considerable~detail (Liu h Hughes - 
1984; Liu er a ! .  1984; Liu 1985). The parasite lays most of its 

eggs in the second, third, and fourth instars of the host. & 

time of parasitization are-able to reproduce. The fecundity of 

parasitized aphids increased with host age at parasitization. - -- - -- - - 7 - 
- ---- - - - -+ w 

Mackauer (1973) examined, among other things, the 

preferences of A. srni r h i  for different instars of the pea aphid. 

He found that second, third, and fourth instars were .mote 

frequently attacked than first instars. Campbell 6 Wackauer 
* 

( 1  9 7 5 )  compared this ovipusitional behaviour with the r . of 
rn 

parasitized instars. Apterous-as well as alate pea aphid nymphs 

that were four days or  older at the 

able  to contribute significantly to 

time of parasitization were 
- 

population growth. 

Other aphid parasites that have 

their impact on the host's r 
-- m 

(H' Intosh) , a parasite of the cabbage aphid, Br e v i  c o r y n e  

b r ~ r s r  c u r  (L) (Mackauer 6 Kambhampati i?384jr and Aphid i  us 

been studied with regard to 

include Di a e r e r  i e l  1 a  r a p a e  f 

- - - - - - 

mar F r car  r oe Hal. a parasite of the green. peach aphi* Myzus 



In the previous 
-- - 

- 

-- 

i j i e f i i i ? F n c e i n  P. p e g ~ ~ ~  m.  have shown that the parasite 

--+-ribUtes most of its eggs among instars I f ,  111, and IV.'This 
- - 

behaviour, in itself, would appear to indicat; that P. 

p e q u o d o r m  ,is potentially useful for biological control. 
6 

Information on the field biology and ecology of P. pequodorum is 
-1 

limited, but the reports to date, notably those of Mackauer & 
0 

Bitdee (1965b), A. Campbell ( 1 9 7 4 ) .  andmckauer & Kambhampati 
- - - 

- - - -  119861; i n d i c a t e t h a t  the parasite is not ~errprftective--&he - - 

- 

field. 

IC - - ~ ~ = ~ ~ c j ~ c o n d ~ ~ ~  a be t m ~ - d - ~ e  S t i q ~ i t ~ ~ ~ ~  i ntro 

the seasonal dyharnics of the pea aphid and its associated 

parasites in the southern interior of British Columbia. He found 

- - that the pea aphid ik attacked by several parasites includingb 

A p h i d i u s  smithi Sharma & Subba Rao, A .  e r v r  Haliday, A .  

pr s i  vor us Smith ( = p u f  cher Baker), and P r a o n  pequodor urn Vieteck. 

Under controlled laboratory conditions, a comparison of some of 

the attributes of these parasites showed that P. pequodorum had - 

a lower fecundity and .a longer time-to-adult than the other 

three parasites (Table 3 - 3 1 .  A, m i  I h i ,  A. e r v i  , and A. 

pi s i  v o r u s  were observed to have a time-to-adult, on 
the•’=- 

physiological time s c a l e ,  of 178-6, 196.8, and 187.9 day-degrees 

'(OC), respectively, whereas P. pe q u o d o r u m  required 199.6 I 

€Ean P. p e q i O i f o r ~ ~ e ~ ~ ~ y  spr ing ,  when aphids were scarce. In 
f 

addition, A. smi I hi prcSered .host instars  11, 111, and IV for 



oviposition, thereby indicating a possible overlap of instar 

I, 

# i 

I 
- 

The results of a long-term survey of-the relative abundance 

of. primary parasites of the pea aphid in British Columbia, 

during the period 1971 to 1984, were reported by Mackauer & 

Kambhampati 119861, Samples of mummified pea aphids were 

collected- i R t Ptt,-f 9-72, t 98 3,- F9€M4romtwo L 1 imatimrres , 
- - 

-- -- 

in the iiKeriorp<nd coasta~regl5n~.~1n-theeinte2ior regi-o*! - t h e  

percent representation of P. pequodorum was 6.56, 10.23, 1 . 4 3 ,  

regions, P. peqtcodorum represented 9.54, 13.76, 0, and 0% of the 
-7 

samples of mummified pea aphids collected during the four years. 

The observed differences among the various members of the 

pa asite community and possible competition for preferredQ host i 

pequodorum. However, in multi-parasitized aphids, larvae of P. 

p e q u , ~ d o r u m  usuaL1y survive when competing with larvae of A. 

smr r hr and possibly other ApAi d i  us species (Chow & Mackauer 

1984) .  This intrinsic superiority may explain why P. pequodorum 

has, so far, managed to retain a (relatively minor) position in 

the parasite community. 

, F r o m  the fomguing, tkie p e e n z i r a f - f o r e f f e c t i v e  control that 

. p e w ~ t i m  c m l d  f rm its preference patterns 

for host ins tars  appears t o  k 6ffset by its other 



Table 3.3 Some biological characteristics of four primary 
parasites of the pea aphid determined under controlled 
laboratory conditions. ( ~ a t a  on fecundity and adult longevity 

- -  -- -- a r e f  rawDr, &~ekau~-,-qtmted-i~.- Campbe33 1 Y I 4 ; 
- 

- -  - - -  -- 

times-to-adult were taken f r q  Table VII in A .  Campbell 1973).-- ~- 

- - 
- -  - -  - -- - -- - - - - - / - - 

Species ~ecundi ty' ~ d u l  t Time-to-adult 
iongevi ty (days) 

(days) 
- - 

A .  e r v i  

- - 
P- p e q u o d o r  urn 199 .+,18,5d 6.9 20.65a 15.30 

Mean t S E :  means followed by the same letter are not . . 
S l g n l f  lcantl different ( m  - v . O S ) ,  n h l l e  ut 
different letters differ significantly ( p  = 0.05) (t-test). 
Parasites were reared at 20.5 2 0.5 OC, 55%,RH, and a 
photoperiod of 16L/8D h. 
Mean 2 SE (accuracy of measurement: range 2 0 . 1 2  days). 

reared at 19.7 2 1 OC, 55% RH. 



characteristics such as low fecundity and prolonged 

control. 
- 

I - 
In general, the effect of parasitism is the outcome of 

complex interact:ms between the parasite larva and the host 

(Vinsm & Iwantsch 1980: Mackauer 1986).  If asparasitized host 

i s able to ach iesce-r eproductiv~age-befo r e  themswsp~- - - - - - - - - - - - - - - - - - - 

- -- 

- - 
- d e v d o p i r r g  lrithirr tt reaches the stage-ef destructive feedin* - 

- 

(Stary 1970) ,  it may repr,oduce briefly before death. The 'impact 

of paras i tism-ox~tb---o-fL ----- - i-k-is- -endant an----at--- m - 

-- 

1 

the begining of parasitism. The growth and development of the - 
parasite larva, in turn, will be affected by factors such as 

temperature ( ~ i u  e t  n l .  1984) and host quality (Mackauer 1986) .  
f 

preference patterns exhibited by, aphid parasites for host 

instars are.important in st,udying host-parasite interactions. 

Together with other biological characteristics of the parasite, 

host-instar preference should be useful in assessing or 

predicting parasite performance, .. e 



~ost-instar preference by a parasite results in individuals - 

of particular instars being parasitized in greater numbers than 

expected from their frequency in the environment. Expressed as a 

probability pattern, the egg distribution of P. pcquodorum 
- 
suggests that pea-aphid instars 11, 111, and IV are more likely 

- --- -- -- - 

to be parasitized than instar I .  . -- . - 
--- -- - - - A p - - -  - - -  -- - - 

Repsoduction and development of an organism in nature is 

affected by 

measure of 

obtained by 

the significance of any pa'rticular factor can be 

the evaluation of changes in the intrinsic rate of 

natural increase, 
=m 

of the population under a specified set of 

conditions. Instar preference results in some aphid instars 

suffering higher mortality than qthers. The manner in which this 

differential mortality affects the expected population g r w q  of 

the pea aphid is well 

The importance of 

outcome of several 
- - 

summarized by the r statistic. 

host-instar preference is reflected in the 

biological control programs. Succession 
. 

among, and distribution and phenology of three introduced 

parasites, Aphel i nus s e m i / !  orus Howard (Eulophidae) , P r a o n  

e x s o ( e r u m  Nees (=pali?ans Muesebeck) (Aphidiidaef, and T r r o x y s  
- 

- - 

compfonar us ~uiii3 ( = ~ t i /  i r Huesebeck) (Aphidiidae). of the 
- 

spotted alfalfa aphid, T h e r i  oaphi  s r r i  f o l  r r (Honell), were 
- 

investigated by van den Bosch er a ] .  ( 1 9 6 4 ) .  The data were 



collected in study plots in different climtie & e ~ s  of southern -- m 

- dp6ex y,-- 5 (3) 
- Cafi L a m i a  , 1 i 2 ,  

,-' 
/- 

-A 

extreme sou*- - t d a s t a l ,  and (b) inner south coastal; 31 western 

lojbv; desert, and 4 1 southern San Joaquin v a l l e t  ~ & q a t e  
/- Z - 

yearly catches of adult wasps, from 1957-1962, were analysed. In 

1957, data gathered in areas 1, 3, and 4 showed that  Praon 

predominated over Trioxys in areas 3 and 4 .  Data for Aphelinus - 
were first available in 1959; they showed that this species 

- cp--- -pp----p----p--- - 
preXo6inateiT ln area Za. By 1962, Tr  i oxys  had replaced P r a o n  and -. 

r 

-- -- 4 
~ , u h e / i n u r  in a l z  four study areas; The observed predominance of 

Tri o x y s  was attributed b y  van den Bosch et  a ! .  f 1964) to the 

other  factors. This preference could have the double effect of 

negatively affecting the growth _of T. t r i / o l i i A  a relatively 
* 

greater extent, because aphids attacked in the earlier stages do - 
not reproduce, as well as giving T r i o x y s  a competitive advantage 

over ~ r o o n  and A p h e l  i n u s ,  

Biological control  of fruit flies in Havai.i represents a - 

classic expmple of succession within a community of imported 

parasites, attributed primarily t c  differences in the host-stage 

attacked. In mid-? 948, two braconid wasps, Opi us vandenboschi  

Fullaway ( = p e r  s u l  car us 1 and 0. I o n g i  caudar us (Ashmead), were *:. 
imported and released i n  farge numbers to control the Oriental 

1 

fruit fly, D a r w - - - A n r d i s  Ilendel.--By--r-1-949, 

larvae in collected fruits were found parasitized. However. by 



. - 
December 1949, 0. ~ a n d e n b o s c h i  had become the dominant parasite 

larvae (van den kosch & Haramoto 1950). At - ti=, 
-- 

fruit fly larvae munrmif ied by another O p i  us species, 0. oophi  1 us- - - 

Fullaway, were found. This species was thought t o  have been 

accidentally introduced together with 0. l ongi  c a v d a r  us and 0. 

v a n d e n b o s c h i .  By fall 1950, 0 .  v a n d e n b o s c h i  was replaced by 0. 

o o p h i l v s  as the dominant parasite. -The latter continued to 

maintain this p~t-~%ninthT-=ratitecornp~e~ (van den Bosch - L .- - --- 

-- - 

Haramoto 1951 1 .  The primary re son for this clear succession o f p  t 
competing species is that 0.  l ongi  coudar  us attacks only large,( 

p- - -- -- - - - - - - - - 

ofdgr Z z F v Z e G ~ a i ? ? o f t e ~ s s  vulnerable to actack due t o  

their cryptic habitat, 0. v a n d e n b o s c h t  attacks the more 
J 

vulnerable, small larvae, whereas 0. o o p h i l u s  oviposits in fruit 

fly eggs; the latter is intrinsically superior to the other - 
species (van den Bosch & Haramoto 1953, cited in Bennett ef a t .  

1976). 

The alfalfa weevil. H y p e r e  p o s t  r c o  (Gyll. (Coleoptera: 
- 

- - -  - 

Curculionidae), is an important pest of alfalfa in the United 

States (~agen er a ) .  1971 1 .  B a t  hypl  e c t  e s  c u r c u l  i  oni  s  (Thompson). 

an ichneumonid larval parasite, and T e r  r a s t  i i h u r  i nccr r us ~ a t z . ,  

a eulophid larval paras i t e ,  were imported and released in 

different states between I910 and 1925 (Chamberlin 1925. 1926, 

1933). The parasites =ere, -in-generd7q~i--L 
, . +- - - 

controllinq - - t h i s p e s t , a l t h a u & i n ~ ~ - ~ i t h W h  ether, 

parasitism by 



- - , -  - 

curcu[ionir increased, because the latter oviposited in earlier 

- larval stages of-thehost----- 
- 

- - Parasitism of a particular stage of the hdst is, in some 
- 

cases, dependant on the accessibility of that stage to the 

parasite. For example, a study of the parasite fauna of pyralid 
- 

and noctuid stem borers (Lepidoptera) in Malaysian Borneo 

indicated that egg parasites were more effective than larval or 

parasites (Rathschild 1970). The Eryptic habitat of the) 
---- - -- --- - -- -- - 

"- - 
older stages often made them inaccessible to their 

- - -- - 

parasites, whereas-the eggs, laid externaQy on plant parts. 

The arguments presented in this paper suggest that a study . 
0 

of host-instar preference patterns exhibited by an insect 

parasite, or members of the parasite community that attack one 
, 

particular host species, i s  a useful tool in analysing 

host-parasite interactions. Host size, behaviour, and 

availability influence preference. The experimental design and 

method of evaluation may bias conclusions about preference. For - 

hosts that are susceptible to parasitism in most of their 

devel6pcnental stages, the host stage(s1 attacked will' be a 

primary determinant of the effectiveness of the parasite(s). 
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