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S u m m a r y .  I m m i g r a t i o n  by wild  type f l ies  into an e s t ab l i shed  compound c h r o m o s o m e  con t ro l  zone was  s tudied  
in the l a b o r a t o r y  using d i s c r e t e  g e n e r a t i o n  populat ion c a g e s .  I m m i g r a t i o n  r a t e s  of  l e ss  than 10 ~ pe r  g e n e r a -  
t ion by v i r g i n  mig ran t s  w e r e  unl ike ly  to d i s rup t  the zone .  H o w e v e r ,  the zone could be d i s rup ted  by i m m i g r a -  
t ion r a t e s  of  0 . 5  g if  the mig ran t s  had m a t e d .  The c u r v i l i n e a r  r e l a t i o n sh ip  be tween the number  of gene ra t ions  
to f ixat ion of  the mig ran t  genotype and the i m m i g r a t i o n  r a t e  sugges t ed  a poss ib le  equ i l i b r ium between i m m i -  
g ra t ion  r a t e  and the ma in tenance  of  a con t ro l  zone .  - The i m p o r t a n c e  of the r e s u l t s  to the s t r a t e g y  of  a p a r -  
t i c u l a r  con t ro l  p r o g r a m  is  e m p h a s i z e d ,  as is the need for  an in t eg ra t ed  m u l t i - d i s c i p l i n a r y  approach  to insec t  
pest  m a n a g e m e n t .  

In t roduct ion  

Con t ro l  of  insec t  populat ions by the use  of  gene t i c s  

has been sugges t ed  by many au thors  ( s e e  Davidson  

1974; Pa l  and Whi t ten  1974; Whit ten  and F o s t e r  1975 

for  r e c e n t  r e v i e w s ) .  Whi le  gene t i c  con t ro l  o f fe r s  the 

potent ia l  for  manipula t ion  not ava i l ab le  with m o r e  

convent iona l  methods  of  con t ro l ,  many unique o p e r -  

a t ional  d i f f icu l t i es  may  ex i s t  ( P a l  and LaChance 1974) .  

The populat ion biology of  the t a rge t  s p e c i e s  may a lso  

need to be m o r e  r ig id ly  def ined than in the c a s e  of  

convent ional  methods  ( F o s t e r  e t  a l .  1975) .  Indeed,  

the l eve l  of unders tand ing  of  the populat ion biology 

and the p rospec t  of  a s u c c e s s f u l  gene t ic  con t ro l  p r o -  

g r a m  would s e e m  to be d i r e c t l y  r e l a t e d  (Whi t t enand  

F o s t e r  1975; McKenzie  1976).  

One proposed  method of  gene t ic  con t ro l  is  the use  

of  compound c h r o m o s o m e  individuals  to r e p l a c e  a 

field populat ion ( F o s t e r  e t  a l .  1972).  Tr ia l s  with 

Prvsophi  la me lanogas t e r  in l a b o r a t o r y  ( C h i l d r e s s  1972; 

F i t z - E a r l e  e t  a l .  1973; F i t z - E a r l e  1975) and field 

cages  ( F i t z - E a r l e  e t  a l .  1975) have y ie lded  s u c c e s s -  

ful r e s u l t s .  The r e s u l t s  of r e l e a s e s  into nat ive  popu- 

la t ions  of  this  s p e c i e s  have been  l e s s  c l e a r  cut (Can -  

te lo  and C h i l d r e s s  1974; McKenz ie  1976) al though 

M c K e n z i e ' s  (1976) r e s u l t s  gave s o m e  cause  for 

guarded  o p t i m i s m  about the g e n e r a l  potent ia l  of  the 

t echn ique .  In that  s tudy,  the compound s tock r e l e a s e d  

into the c e l l a r  populat ion of  the "Chateau  Tahbilk" 

v i n e y a r d ,  in V i c t o r i a ,  s u c c e s s f u l l y  bred  and r e p l a c e d  

the field populat ion for  a c o n s i d e r a b l e  p e r i o d .  The 

subsequen t  r e p l a c e m e n t  of  the compound s tock  by wild  

f l ies  was expla ined by the i m m i g r a t i o n  of  in semina ted  

w i ld - type  f e m a le s  into the c e l l a r .  

The effect  of  i m m i g r a t i o n  into a t a rge t  zone is a 

potent ia l  p ro b l e m  in any con t ro l  p r o g r a m .  It is r e l e -  

vant to know what i m m i g r a t i o n  r a t e  can be t o l e r a t e d  

in an e s t ab l i shed  con t ro l  zone ( P r o v e r b s  1974).  Theo- 

r e t i c a l  cons ide ra t ions  indicate  that the c r i t i c a l  r a t e  

is a function of  the r e l a t i v e  f e r t i l i t i e s  of the i m m i -  

g ran t s  and the s tock  used for  gene t ic  con t ro l  (Die tz  

1976).  The i n t r i n s i c  de f i c i ency  of  egg hatch of  a c o m -  

pound c h r o m o s o m e  D. me lanogas t e r  s tock  ( F o s t e r  e t  a l .  

1972) e n s u r e s  such  s tocks  have a r educed  fe r t i l i ty  

r e l a t i v e  to wi ld  type .  T h e r e f o r e ,  g iven  the r e s u l t s  of 

the v ineya rd  s tudy,  it is of  i n t e r e s t  to c o n s i d e r  the 

ef fec t  of i m m i g r a t i o n  into a compound populat ion un-  

d e r  defined l a b o ra to ry  condi t ions .  I m m i g r a t i o n  by 

e i t h e r  v i r g i n  o r  in semina ted  individuals  has been  con-  

s i d e r e d  as  whi le  D. mel~nvgaz ter  i m m i g r a n t s  a r e  l ike -  

ly to have mated ( McKenzie  1976),  this  may not be 

t r u e  of  o ther  s p e c i e s .  Such a d i f f e r e n c e  in the type of  

mig ran t  may impose  impor tan t  l imi ta t ions  on a p a r -  

t i c u l a r  con t ro l  p r o g r a m .  

Methods and M a t e r i a l s  

E x p e r i m e n t a l  p r o c e d u r e s  and s tock  main tenance  w e r e  
c a r r i e d  out at 25oC in constant  l ight .  

The i m m i g r a n t  wild type s tock  (des igna ted  +) was 
d e r i v e d  f rom the progeny of  s ing le  in semina ted  D. me- 
lanogaster f e m a le s  co l l ec t ed  outs ide  the c e l l a r  of  the 
"Chateau  Tahbilk" v ineya rd  ( MeKenzie  1974) and ma in -  
ta ined in m a s s  cu l tu re  on s tandard  m e d i u m .  

The compound s tock  was  d e r i v e d  by i r r a d i a t i n g  
( a p p r o x i m a t e l y  3400 r ads  of  Co-60  s r ad ia t ion  at 220 
r ads  pe r  min) v i r g i n  + f e m a l e s  when 2-4 days old and 
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then mat ing to C(3L)P3  r r i l  C(3R)P3~ s r  ma le s  (ob-  
ta ined f rom P a s a d e n a ) .  C ( 3 L ) P 3 ,  r i ;  C ( 3 R ) ,  • p r o g e -  
ny w e r e  main ta ined  and ma le s  c r o s s e d  to i r r a d i a t e d  • 
f ema le s  ( p r o c e d u r e  as a b o v e ) .  C (3L) P3,  ri~ C (3R) ~ • 
p rogeny w e r e  m a s s  cu l tu red  and this  s tock ( d e s i g n a -  
ted C r i )  was  used  in the e x p e r i m e n t s .  A full d e s c r i p -  
t ion o'T'the m a r k e r s  is p rovided  by Lindsley and G r e l l  
(1967) .  

C o m p a r i s o n  of  the Stocks 
Any c o m p a r i s o n  of  the s tocks  is only r e l evan t  to the 
p a r t i c u l a r  populat ion cage des ign  u sed .  A d i s c r e t e  
gene ra t i on  des ign ,  with a r e s t r i c t e d  ov ipes i t ion  pe-  
r iod ,  m i n i m i z e s  the v a r i a b l e s  a s s o c i a t e d  with a m o r e  
complex  over lapp ing  gene ra t i on  des ign  and has been 
chosen  for  this  r e a s o n .  

Mating behaviour  
F i f t een  2-3 day old v i r g i n  f l ies  of  each  sex  of  both 
s tocks  w e r e  p laced  in a mat ing c h a m b e r  (McKenz ie  
1976).  Copulat ing pa i r s  w e r e  r e m o v e d  and each  m a -  
t ing p a r t n e r  was s c o r e d  for  the m a r k e r  r i .  ]Results 
w e r e  r e c o r d e d  for  16 t r i a l s ,  each  of 60 minutes  du-  
r a t i on .  

Fecundi ty  and f e r t i l i t y  
The p r o c e d u r e s  de ta i l ed  w e r e  c a r r i e d  out s e p a r a t e l y  
for  each s tock .  F ive  2-3 day old v i r g i n  ma les  and fe-  
m a l e s  of  a s tock  w e r e  p laced in an empty  280 ml  cul -  
t u re  bo t t l e .  The bot t le  opening was  then c o v e r e d  by a 
wa tchg las s  containing a thin l aye r  of s t andard  m e d i u m .  
Af te r  24 hours  the f l ies  w e r e  d i s c a r d e d  and the num-  
be r  of eggs  ov ipos i ted  was r e c o r d e d  for  each  of  10 r e -  
p l i c a t e s .  

Ten r e p l i c a t e s ,  each of  25 eggs ,  w e r e  co l l ec t ed  
and t r a n s f e r r e d  to v ia l s  each  containing 10 ml  of s t an -  
dard  m e d i u m .  The numbers  of  adults  e m e r g i n g  a f t e r  
deve lopment  through l a r v a l  and pupal s t ages  w e r e  r e -  
co rded  for each r e p l i c a t e .  

Popula t ion  Cage  Studies 
The cages  w e r e  280 ml  bot t les  each  containing 70 ml  
of  s tandard  m e d i u m .  I m m i g r a t i o n  was  for  both s e x e s  
with i m m i g r a n t  f ema le s  being e i t h e r  v i r g i n  o r  i n s e -  
mina ted .  Unless  o t h e r w i s e  spec i f i ed ,  3 r e p l i c a t e s  
w e r e  c a r r i e d  out for each  c o m p a r i s o n .  

S e r i e s  a (10 ~, 8 ~, 6 ~, 4 ~, 2 ~, 1 ~ i m m i g r a t i o n  
pe r  genera t ion)  
Cages  w e r e  in i t ia ted  with 50 C r i  m a l e s  and 50 i n se -  
minated  C r i  f e m a l e s .  The appro---priate numbers  of  • 
m a l e s  and f ' emales  w e r e  added to g e n e r a t e  the de s ign -  
ated i m m i g r a t i o n  r a t e .  F o r  1 g mig ra t i on ,  1 ma le  and 
1 f emale  w e r e  added as i m m i g r a n t s  e v e r y  second  gen-  
e r a t i on  beginning at the s t a r t  of  g e n e r a t i o n  2. 

F l i e s  w e r e  left  in the bot t les  for 24 hours  and then 
d i s c a r d e d .  Seven days l a t e r  1 ml  of  yeas t  so lu t i onwas  
added to each bo t t l e .  F o u r t e e n  days  a f te r  the f l ies  had 
been added to the bo t t l e s ,  by which t ime  a l l  p rogeny 
had e m e r g e d ,  progeny w e r e  r e m o v e d  and s c o r e d  for  
the r i  phenotype.  Fi f ty  f l ies  of  each  sex  w e r e  than r a n -  
domly  chosen  f rom the p rogeny  and, wi th  the app ro -  
p r i a t e  number  of • i m m i g r a n t s ,  added to a new cage 
to s t a r t  the next g e n e r a t i o n .  

The p r o c e d u r e  was  r epea t ed  unti l  f ixat ion of  the i 
phenotype o c c u r r e d  in a l l  of  the in semina ted  i m m i g r a n t  
cages  of  each  m i g r a t i o n  r a t e .  

S e r i e s  b (2 ~, 1 ~ i m m i g r a t i o n  per  genera t ion)  
e ~ e d u r e  was  as for  s e r i e s  a but cages  w e r e  in i -  
t ia ted  with 100 C r i  m a l e ~ 0  insemina ted  C r i  
f ema le s  and the ap"propriate number  of  • i m m i g r a n t s .  
Subsequent  gene ra t i ons  w e r e  e s t ab l i shed  with 100 r a n -  
domly  chosen  f l ies  of  each  sex  plus i m m i g r a n t s  of  both 

Table 1. N u m b e r s  mat ing in 60 minutes  in mat ing  
c h a m b e r s  containing 15 f l ies  of  each  sex  of  the C r i  
and • s tocks  (based  on 16 t r i a l s )  w 

F e m a l e  Male 

C r i  • Total  

C r i  57 46 103 
• 42 49 91 
Total 99 95 194 

• for  1 : 1 ra t ios  on m a r g i n a l  to ta l s ,  which a s s e s s  
the r e l a t i v e  mat ing p ropens i t i e s  of  the s tocks  
c~ 0 .08 9 0 .74  

Table 2. N u m b e r  of eggs laid in 24 hours  by 5 f ema le s  
of  the C r i  and • s tocks  

Rep l i ca te  N u m b e r  C r i  + 

1 153 243 
2 298 169 
3 391 266 
4 315 141 
5 204 266 
6 182 258 
7 321 361 
8 251 220 
9 351 265 

10 120 236 
Mean 258.6 242.5  
s . d .  9 0 . 7  59.8 

Table 3.  N u m b e r s  of  adul ts  e m e r g i n g  a f t e r  deve lop -  
ment  f rom s a m p l e s  of 25 eggs  of  C r i  and -+ s tocks  

Rep l i ca t e  N u m b e r  C r i  • 

1 4 18 
2 3 22 
3 4 21 
4 4 25 
5 6 19 
6 5 20 
7 3 17 
8 8 20 
9 3 21 

10 4 19 
Mean 4 . 4  2 0 . 2  
s.'-d. 1.6 2.3 

s e x e s .  V i rg in  i m m i g r a t i o n  was only c a r r i e d  out at the 
1 ~ r a t e .  

S e r i e s  c (2 ~ and 0 . 5  ~ i m m i g r a t i o n  pe r  genera t ion)  
p r o c e d u r e  was  as for  s e r i e s  a but cages  w e r e  in-  

i t ia ted  with 200 mated  C r ~ f  each  sex  and sub-  
sequent  g e n e r a t i o n s  w e r e  e s t a b l i s h e d w i t h  200 r a n d o m -  
ly chosen  ma le s  and f e m a l e s .  The a p p r o p r i a t e  n u m b e r  
of i m m i g r a n t s  was added each  g e n e r a t i o n .  Vi rg in  im-  
m i g r a t i o n  was  c a r r i e d  out only at the 0 , 5  ~ r a t e .  
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Fig .  1. F r e q u e n c y  of compound (C r i )  indiv iduals  in populat ion cages  into which i m m i g r a t i o n  by v i rg in  (b roken  
l ine)  o r  ma ted  ( so l id  l ine)  • indiv~-uals  o c c u r s  at the r a t e s  spec i f i ed  each gene ra t ion .  The number  of f l ies  of 
each sex ,  excluding m i g r a n t s ,  used  to s t a r t  each gene ra t i on  is  indica ted  (a  = 50, b = 100, c = 200) 

Resu l t s  

C o m p a r i s o n  of  the mat ing behav iour ,  fecundity and 

f e r t i l i t y  of  the C r i  and i s tocks  shows only f e r t i l i t y  

is s ign i f i can t ly  d i f f e r e n t .  

The mat ing p r o p e n s i t i e s  of  m a l e s  and f e m a l e s  of  

both s tocks  a r e  v e r y  s i m i l a r  (Table 1 ) .  More  i m p o r t -  

ant ly ,  t h e r e  is no indica t ion  of i so la t ion  be tween  the 

s tocks  as the Jo in t  I so la t ion  Index is  0 .09  i 0 .07 ,  a 

va lue  of  0 indicat ing r andom mat ing  ( s e e  Malogolow- 

k in -Cohen  e t  a l .  1965).  In the fecundi ty  e s t i m a t e  ex-  

p e r i m e n t  a lmos t  a l l  f ema le s  w e r e  i n s e m i n a t e d  a f t e r  

the 24 hour  mat ing and ov ipos i t ion  per iod  and the  num-  

b e r  of  eggs  laid by e i t h e r  s tock  (Table 2) did not d i f -  

f e r s i g n i f i c a n t l y  (t18 = 0 .46 ,  0 .7  > P > 0 . 6 ) .  The f e r -  

t i l i ty  of  the C r i  s tock  was  e s t i m a t e d  f rom Table 3 to 

be 21.8  % that  of the _+ s tock .  The d i f f e r ence  is e x p e c -  

ted because  of  the egg hatch de f i c i ency  of  a compound 

s tock  ( F o s t e r  e t  a l .  1972) and is h ighly s igni f icant  

(t18 = 18.17,  P < < 0 . 0 0 1 ) .  

The above r e s u l t s  sugges t  that the C r i  s tock  should 

be able  to r e p l a c e  a + populat ion if r e l e a s e d  at a f r e -  

quency above the uns table  e q u i l i b r i u m  point ( F o s t e r  

e t  a l .  1972) .  F o r  a populat ion cage des ign  s i m i l a r  to 

that  to be used  in the i m m i g r a t i o n  s tud ies  the uns table  

e q u i l i b r i u m  point was  found to be a p p r o x i m a t e l y  at a 

C r i  f r equency  of  0 . 9 .  T h e r e f o r e ,  for  the p a r t i c u l a r  

u n i v e r s e  of  this  l abo ra to ry  populat ion compound c h r o -  

m o s o m e s  can be s e e n  as an e f fec t ive  t r a n s p o r t  m e c h a -  
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Fig. 2. Standardized mean number of generations to 
fixation of the migrant genotype graphed against mi- 
gration rate per generation by mated immigrants 

n i sm for  gene t i c  con t ro l  leading to f ixat ion of  the in-  

t roduced  genotype .  

The effect  of  i m m i g r a t i o n  into such  an e s t ab l i shed  

compound c h r o m o s o m e  a r e a  can be s e e n  in F i g .  1. All  

i m m i g r a t i o n  r a t e s  involving insemina ted  f ema le s  u l t i -  

ma te ly  r e s u l t  in d i s rup t ion  of  the compound zone .  The 

r a t e  of  d i s rup t ion  depends on the r a t e  of i m m i g r a t i o n ,  

10 ~ i m m i g r a t i o n  pe r  gene ra t i on  cages  fixing mos t  r a -  

pidly whi le  f ixat ion at l ower  i m m i g r a t i o n  r a t e s  takes  

p r o g r e s s i v e l y  l o n g e r .  The dens i ty  of  f l ies  in the cages  

may inf luence the r e s u l t s .  A m o r e  rap id  a v e r a g e  f ix-  

a t ion r a t e  of  the i m m i g r a n t  genotype is o b s e r v e d  for  

2 g i m m i g r a t i o n  va lues  as  the number  of  individuals  

used to s t a r t  each  gene ra t i on  i n c r e a s e s  ( F i g .  1, 2 

a ,  b and C) . 

To al low for  this  ef fec t  the r e l a t i onsh ip  be tw een the  

i m m i g r a t i o n  r a t e  and the m e a n  number  of  gene ra t ions  

to f ixat ion of  the • genotype for  a l l  cages  has  been  

s t anda rd i zed  r e l a t i v e  to the s e r i e s  a 2 ~ m i g r a t i o n  

r a t e .  The r e l a t i onsh ip  is  c u r v i l i n e a r  a sympto t i ca l l y  

approach ing  both axes  ( F i g . 2 ) .  F o r  lower  l eve l s  of  

m i g r a t i o n  this  sugges t s  the p o s s i b i l i t y o f a n e q u i l i b r i u m  

re l a t i onsh ip  be tween the r a t e  of  i m m i g r a t i o n  and the 

main tenance  of  the compound zone (Die tz  1976),  p a r -  

t i c u l a r l y  i f  the poss ib le  s t o c h a s t i c  e f fec t s  in the pop- 

u la t ion  cages  a r e  l e s s  r e l evan t  in na tura l  popula t ions .  

The d i s t inc t ion  be tween  i m m i g r a t i o n  by v i r g i n  o r  

mated  individuals  is obvious ( F i g . l ) .  D i s rup t ion  of  

an e s t ab l i shed  con t ro l  zone appea r s  unl ikely  at v i rg in  

i m m i g r a t i o n  r a t e s  of l e ss  than 10 ~ pe r  g e n e r a t i o n .  

E v e n  when f ixat ion of  the • genotype o c c u r s  it gene -  

r a l l y  takes  c o n s i d e r a b l y  longer  than in the c a s e  of 

mated  i m m i g r a n t s .  

D i s c u s s i o n  

The s u c c e s s  of  any gene t ic  c o n t r o l p r o g r a m w i l l  depend 

on a ca re fu l  choice  of the s tock to be r e l e a s e d  ( F i t z -  

E a r l e  e t  a l .  1973; Cante lo  and C h i l d r e s s  1974; Whi t -  

ten and F o s t e r  1975; McKenzie  1976).  One r e p l a c e -  

ment  has  been  ach ieved  the ef fec t  of  i m m i g r a t i o n  into 

the t a rge t  a r e a  b e c o m e s  of  pa ramount  i m p o r t a n c e .  

P r e v i o u s  s tud ies  have im p l i ca t ed  i m m i g r a t i o n  as a 

c r i t i c a l  f ac to r  in the ma in tenance  of  a con t ro l  zone 

( M c K e n z i e  1976) .  The p r e s e n t  r e s u l t s  d e m o n s t r a t e  

that  the zone may  be d i s rup ted  by r e s t r i c t e d  r a t e s  of 

m o v e m e n t  into an a r e a .  

S igni f icant ly ,  this  w i l l d e p e n d  o n w h e t h e r  i m m i g r a -  

t ion is by v i r g i n  o r  i n semina ted  f e m a l e s .  In na tu ra l  

populat ions mos t  i m m i g r a n t  D.melanogaster f e m a l e s  

a r e  l ikely  to be i n semina t ed  ( McKenzie  1976) .  Migran t s  

into the c e l l a r  at "Chateau  Tahbilk" a r e  t h e r e f o r e  ca -  

pable of making a rap id  cont r ibut ion  to the populat ion 

(McKenz ie  1975) and it is not s u r p r i s i n g  that the e s t -  

ab l i shed  con t ro l  zone was  r ap id ly  d i s r u p t e d .  This is 

p a r t i c u l a r l y  t rue  in a s p e c i e s  wi th  over lapp ing  g e n e r -  

a t ions  as longevi ty  d i f f e r e n c e s  be tween  i m m i g r a n t  and 

compound c h r o m o s o m e  individuals  may r e s u l t  in a 

m o r e  rap id  d i s p l a c e m e n t .  P r e l i m i n a r y  l abo r a to r y  r e -  

su l t s  involving the C r i  and • s tocks  sugges t  th is  is so 

as  the l a t t e r  s tock  has a s ign i f i can t ly  g r e a t e r  r e p r o -  

duc t ive  l ife span  ( for fu r the r  d i s c u s s i o n  s e e  F i t z - E a r l e  

e t  al.  1973) .  

The r e s u l t s  e m p h a s i z e  the need for  de ta i l ed  in for -  

mat ion  of  the populat ion biology of the s p e c i e s  it is 

hoped to c o n t r o l .  Obvious ly ,  it is impor t an t  to know 

whe the r  i m m i g r a n t s  a r e  m o r e  l ike ly  to be v i r g i n  o r  

i n semina t ed  as this  wi l l  a l t e r  the p robab i l i ty  of  e s t a -  

b l i shment  o r  ma in tenance  of  a con t ro l  zone .  It has been  

r e c o g n i s e d  that un les s  the zone is e co log i ca l l y  o r  geo -  

g r aph i ca l l y  i so la ted  it may be n e c e s s a r y  to e s t ab l i sh  

a b a r r i e r  zone to m i n i m i z e  i m m i g r a t i o n  f rom adjo in-  

ing a r e a s  ( P a l  and La Chance  1974) .  The p r e s e n t  r e -  
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su l t s  indica te  that for such a zone to be effect ive the 

ac tua l  width wi l l  not only depend on the vagi l i ty  of pc-  

t en t ia l  i m m i g r a n t s  but a lso  on the i r  r ep roduc t ive  con-  

d i t ion .  

The need for an in tegra ted  approach to the genet ic  

con t ro l  of insec t  posts  has been  s t r e s s e d  r e c e n t l y  

(Whi t ten  and F o s t e r  1975; F o s t e r  e t  aL  1975).  This 

enab les  the most  appropr i a t e  p r o g r a m  to be dev i s ed .  

Theore t ica l  s tudies  can be of benefi t  in providing a 

f r amework  for the p rog ram as c o m p a r i s o n  of the p r e -  

sen t  r e s u l t s  with D i e t z ' s  (1976) model shows.  If the 

compound zone is to p e r s i s t  this model  p red ic t s  a e r i -  

t ic~l  i m m i g r a t i o n  ra te  of the o r d e r  of 1% for the p a r -  

t i cu l a r  s t r a i n s  u sed .  As male  i m m i g r a t i o n  was a l low- 

ed in the populat ion cages and egg s amp le s  from re- 

ma les  indicated some mul t ip le  i n s e m i n a t i o n  the com-  

p a r i s o n  cannot  be absolu te  as these  components  we re  

excluded from the mode l .  However ,  the two approaches  

a r e  in gene ra l  a g r e e m e n t  as the populat ion cage data 

show that the r a t e  of i m m i g r a t i o n  by in semina ted  re- 

ma l e s  only has to be r e s t r i c t e d  for d i s rup t ion  of the 

con t ro l  zone to occur ,  but indicate  the poss ib i l i ty  of 

an e q u i l i b r i u m .  

Pes t  cont ro l  wi l l  be most  succes s fu l  when the most  

exploi table  s tage of the life cycle  is def ined.  The deft-  

n i t ion of that s tage  and the f lexibi l i ty  ava i lab le  to ex-  

ploit it can only benefi t  by a combina t ion  of ecologi-  

cal ,  gene t ica l  and theore t i ca l  s tud ies  being d i rec ted  

to an unde r s t and ing  of the populat ion biology of the pos t .  

In this  context a r b i t r a r y  d iv i s ions  of methodology or  

d i sc ip l ine  would s e e m  i r r e l e v a n t .  
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