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C y c l i n g  p o p u l a t i o n s  of  A. a e g y p t i  of  w i l d  o r i g i n  w e r e  e s t a b l i s h e d  in  o u t d o o r  
c a g e s .  R e l e a s e s  w e r e  t h e n  m a d e  f o r  3 2 - 4 3  d a y s  of  e i t h e r  m a l e s  c a r r y i n g  c h r o -  
m o s o m e  t r a n s l o c a t i o n s  o r  m a l e s  of  t he  s e x  r a t i o  d i s t o r t e r  t y p e .  T h e  t r a n s l o c a -  
t i o n  c a u s e d  a m a x i m u m  of  50% s t e r i l i t y ,  bu t  t h i s  d e c l i n e d  r a p i d l y  a f t e r  t e r m i n a -  
t i o n  of r e l e a s e s .  T h e  d i s t o r t e r  m a l e s  d e p r e s s e d  t h e  p r o p o r t i o n  of  f e m a l e s  a m o n g  
t he  p u p a e  p r o d u c e d  in  t h e  c a g e  to a m i n i m u m  of 3 5 %  a n d  t h e  d i s t o r t i o n  of  s e x  
r a t i o  p e r s i s t e d  f o r  13 w e e k s  f o l l o w i n g  t e r m i n a t i o n  of  r e l e a s e s .  I t  w a s  p o s s i b l e  
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m a d e  of  s t a n d a r d  r e l e a s e  s c h e d u l e s  of  t h r e e  t y p e s  of  g e n e t i c  m a t e r i a l .  A s t r a i n  
c a r r y i n g  b o t h  s e x  r a t i o  d i s t o r t i o n  a n d  a t r a n s l o c a t i o n  g a v e  t h e  m o s t  e f f e c t i v e  
p o p u l a t i o n  s u p p r e s s i o n .  
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lectlon of the most suitable genetic system had to be made from among the seve- 

ral which are available. Much work has been done on chromosome translocatlon 

in A.aegypti (Rai, McDonald and As:Tlan 1970; Rai and McDonald 1971; Rai, 

Grover and Suguna 1973; Rai, Lorimer and Hallinan, 1974) and translocations 

viable in the homozygous state are now available (Lorimer, Hallinan and Rai, 

1972). This presents the possibility of mass rearing two translocations in the 

for,rl of t%vo pure breeding hocnozygous colonies and crossing them to produce 

highly sterile double translocation heterozygotes for release (Uppal, Curtis and 

Rai, 1974). Among the relatively few progeny which such males would produce, 

most would themselves carry translocations and therefore wo~Id be partially 

sterile. In A.aegypti there is a meiotic drive system causing sex ratio distor- 

tion in favour of males due to a factor at, or very close to, the M (male deter- 

mining) gene (Hickey and Craig, 1966, a, b; Hickey, 1970). This gene would 

assist in the economical mass rearing of males for release and, in addition, 

matings by released distorter males would cause a reduction in the biting popu- 

lation and in the egg laying potential of the wild population. All of the males 

produced from these n~atings would themselves carry the distorter gene so that 

the distorter gene would be expected to spread in the wild population after release. 

However, a form of the m allele causing resistance to distortion exists in many 

wild populations and this would prevent the indefinite spread of distortion through 

a population, but would not prevent the released males themselves from causing 

distortion because these tT1ales would be bred from homozygous distortion sen- 

sitive m o t h e r s ,  

Genetic control systems have frequently been assessed in cages, but most 

of these experiments have been short term tests in which young adults have been 

mixed to determine their competitiveness. However, where prolonged releases 

are made into a continuously breeding population and especially where there is 

inheritance of the released genetic factors, there are several complications to 

be considered. These include variation in competitiveness with age, competition 

between the various aquatic stages of the released and wild genotypes and changes 

in ratio of released to wild males in the later stages of the release programme 

due to the population suppressing effect of the initial releases, moderated by 

density dependent regulation. To try to take account of these factors, conti- 

nuously cycling populations of A. aegypt[ from the wild Sonepat population were 

established in outdoor cages. The population size was limited by controlling the 

number of eggs sustaining the cage population and there was a known level of 

density dependent regulation at the aquatic stages. Releases of translocated and 

distorter males were made every day for 32-43 days and the sterilizing, or sex 

ratio distorting, effect was monitored during and after the release period. 

To help to evaluate the cage experiments and also to explore the possible 

usefulness of other systems which have not yet been tested in cages, a computer 

model was set up and the effects of various strategies have been simulated. As 

in the cage experiments, the computer model population had overlapping gene- 

rations and a specified level of density dependent regulation. 
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MIETHODS AND M A T E R I A L S  

Cage Experiments 

T h r e e  o u t d o o r  c a g e s  w e r e  u s e d :  C a g e  A f o r  t r a n s l o c a t i o n  r e l e a s e s ,  C a g e  B 
a s  a c o n t r o l  w i t h o u t  r e l e a s e s  a n d  C a g e  C f o r  r e l e a s e s  of  d i s t o r t e r  m a l e s .  C a g e s  
5.6 x 3 .3  x Z . l  m e t e r s  w e r e  f i t t e d  w i t h  d o u b l e  d o o r s  to m i n i m l s e  e s c a p e  a n d  e n t r y  
of m o s q u i t o s .  E a c h  c a g e  c o n t a i n e d  a t h a t c h e d  b r i c k  h u t  in  w h i c h  f o u r  p a n s  w e r e  
k e p t ,  e a c h  c o n t a i n i n g  o n e  l i t r e  of  w a t e r .  E v e r y  d a y ,  10 e g g s  w e r e  a d d e d  to p a n  
No. 1, Z0 to N o . Z ,  30 to N o . 3  a n d  40 to No. 4. I n i t i a l l y  t h e  e g g s  c a m e  f r o m  a 
s t o c k  r e c e n t l y  c o l l e c t e d  in t h e  t o w n  of  S o n e p a t  ( H a r y a n a  S t a t e ,  I n d i a ) ,  but  w h e n  
s u f f i c i e n t  e g g s  b e g a n  to be l a i d  by  t h e  a d u l t s  in e a c h  c a g e  t h e s e  w e r e  u s e d  to p r o -  
v i d e  t h e  i n p u t  f o r  t he  s a m e  c a g e ,  so  t h a t  s e p a r a t e  c y c l i n g  p o p u l a t i o n s  w e r e  e s -  
t a b l i s h e d  in e a c h  c a g e .  On a l t e r n a t e  d a y s  40 m g .  of l a r v a l  f o o d  (60% p o w d e r e d  
dog  b i s c u i t s ,  40% y e a s t )  w a s  a d d e d  to e a c h  r e a r i n g  p a n  a n d  t h e  r e a r i n g  w a t e r  
w a s  c h a n g e d  e v e r y  fourLh d a y ,  t a k i n g  c a r e  t h a t  t he  y o u n g  l a r v a e  w e r e  not  l o s t  in 
t h e  p r o c e s s .  T h e  n u m b e r  a n d  s e x  o f  t h e  p u p a e  p r o d u c e d  f r o m  e a c h  p a n  w e r e  
r e c o r d e d  d a i l y  a n d  t h e y  w e r e  p l a c e d  in s e p a r a t e  c o n t a i n e r s  f o r  e m e r g e n c e  i n t o  
the  c a g e .  P a d s  w i t h  1% g l u c o s e  s o l u t i o n  w e r e  a v a i l a b l e  in t h e  c a g e  a n d  two 
c a g e d  c h i c k e n s  w e r e  p r o v i d e d  a s  a s o u r c e  of b l o o d  m e a l  d a i l y .  In e a c h  c a g e  
f i v e  b l a c k  j a r  o v i t r a p s  ( F a y  a n d  E l i a s o n ,  1966) w e r e  s e t .  E g g  p a p e r s  w e r e  c o l -  
l e c t e d  f r o m  t h e s e  on  a l t e r n a t e  d a y s  a n d  t h e  e g g s  w e r e  c o n d i t i o n e d  f o r  t h r e e  d a y s  
( F a y ,  1966) .  S u f f i c i e n t  n e w l y  c o n d i t i o n e d  e g g s  w e r e  c o u n t e d  ou t  to p r o v i d e  t h e  
d a i l y  i n p u t  of  e g g s  to t h e  r e a r i n g  p a n s  a n d  t h e  r e m a i n d e r  w e r e  h a t c h e d  by p l a c i n g  
in d e - o x y g e n a t e d  w a t e r  f o r  Z4 h o u r s  to d e t e r m i n e  h a t c h a b i l i t y .  Witli t h e  e g g s  
f r o m  c a g e s  A a n d  B h a t c h a b i l i t y  w a s  d e t e r m i n e d  by c o u n t i n g  the  n u m b e r  of  h a t c h e d  
e g g s  a n d  the  t o t a l  n u m b e r  of  e g g s  ( e x c l u d i n g  u n e m b r y o n a t e d  o n e s ) .  A d d i t i o n a l  
d a t a  on  s t e r i l i t y  i n d u c e d  by t h e  t r a n s l o c a t i o n  r e l e a s e s  w a s  o b t a i n e d  b y _ c a p t u r i n g  
f e m a l e s  in c a g e s  A a n d  B, e g g i n g  t h e m  i n d i v i d u a l l y  in t h e  l a b o r a t o r y  a n d  d e t e r -  
m i n i n g  w h e t h e r  t h e  e g g s  s h o w e d  p a r t i a l  o r  n o r m a l  h a t c h .  A f t e r  h a t c h i n g  t h e  e g g s  
f r o m  c a g e s  B a n d  C,  the  l a r v a e  w e r e  r e a r e d  in  t h e  l a b o r a t o r y  a n d  t h e  s e x  of  t he  
p u p a e  p r o d u c e d  w a s  d e t e r m i n e d .  T h i s  p r o v i d e d  s u p p l e m e n t a r y  d a t a  to t h o s e  f r o m  
t h e  r e a r i n g  p a n s  in t h e  c a g e s ,  on t h e  e x t e n t  o f  s e x  r a t i o  d i s t o r t i o n  i n d u c e d  by t h e  
r e l e a s e s  in C a g e  C. 

T h e  c a g e  p o p u l a t i o n  w e r e  i n i t i a t e d  d u r i n g  M a y - J u n e  1973 w h e n  t h e r e  w a s  
a l m o s t  no r a i n  a n d  d a y  t i m e  t e m p e r a t u r e s  r e a c h e d  4 6 ~  R e l e a s e s  w e r e  s t a r t e d  
in A u g u s t ,  w h e n  a v e r a g e  d a i l y  t e m p e r a t u r e s  w e r e  a b o u t  3 3 ~  a n d  t h e r e  w a s  a 
t o t a l  of  455 m m  of  r a i n f a l l .  T h e  p o p u l a t i o n s  w e r e  a l l o w e d  to c o n t i n u e  to b r e e d  
a f t e r  t e r m i n a t i o n  of r e l e a s e s  a n d  t h a t  in c a g e  C w a s  c o n t i n u e d  u n t i l  l a t e  D e c e m -  
b e r  w h e n  t h e  n i g h t  t e m p e r a t u r e  d r o p p e d  to a p p r o x i m a t e l y  I ~  M o s q u i t o  b r e e d -  
ing  a n d  d e v e l o p m e n t  had  v i r t u a l l y  c e a s e d  u n d e r  t h e s e  c o n d i t i o n s .  

T h e  t r a n s l o c a t i o n s  u s e d  w e r e  t h o s e  d e s c r i b e d  by L o r i m e r ,  H a l l i n a n  a n d  1Rai 
(1972)  w h i c h  i n v o l v e  c h r o m o s o m e s  I / I I I  a n d  I I / I I I ,  a n d  a r e  r e f e r r e d  to a s  T1 a n d  
TZ, r e s p e c t i v e l y ,  in t h i s  p a p e r .  T h e  t r a n s l o c a t i o n s  w e r e  i n d u c e d  in  t h e  R O C K  
g e n o m e  a n d  m a d e  h o m o z y g o u s .  T h e y  w e r e  s u b s e q u e n t l y  b a c k c r o s s e d  t h r e e  t i m e s  
to t h e  D e l h i  w i l d  t y p e  s t o c k  a n d  r e - i s o l a t e d .  O r i g i n a l l y  the  i n t e n t i o n  w a s  to c r o s s  
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m e m b e r s  of  p u r e  h o m o z y g o u s  T l  a n d  TZ c o l o n i e s  t h u s  y i e l d i n g  d o u b l e  h e t e r o z y -  
g o t e s ,  w h i c h  az 'e  h i g h l y  s t e r i l e ,  f o r  r e l e a s e .  H o w e v e r ,  w h e n  m e m b e r s  of  t he  
T1 a n d  TZ c o l o n i e s  w e r e  c r o s s e d ,  t h e  p r o g e n y  w e r e  f o u n d  to  h a v e  a m e a n  s t e r i -  
l i t y  of  o n l y  50% a n d  t h i s  w a s  e x p l a i n e d  w h e n  b o t h  t h e  T1 a n d  TZ c o l o n i e s  w e r e  
f o u n d  to be  c o n t a m i n a t e d  w i t h  , ~ o n - t r a n s l o c a t e d  c h r o m o s o n ~ r  O b s e r v a t i o n s  on 
the  e x t e n t  o f  c o n t a m i t ~ a t i o n  of  t he  t w o  c o l o n i e s  l e d  to t he  f o l l o w i n g  e s t i m a t e  of  
t he  c o m p o s i t i o n  of  t h e  r e l e a s e  m a t e r i a l :  ZZ% d o u b l e  h e t e r o z y g o t e ,  54% s i n g l e  
h e t e r o z y g o t e ,  24% n o n - t r a n s l o c a t e d .  

T h e  s e x  r a t i o  d i s t o r t e r  s t o c k  c a r r i e d  a d i s t o r t e r  M D g e n e  fron~ a T r i n i d a d  
s t o c k  ~. T h i s  g e n e  w a s  c o m b i n e d  w i t h  I n d i a n  g e n o m e  by f i v e  b a c k c r o s s e s  to f e -  
m a l e s  of  t h e  D e l h i  w i l d  t y p e  s t r a i n .  F r o m  t h i s  b a c k c r o s s e d  m a t e r i a l  a p u r e  
d i s t o r t e r  l i n e  w a s  d e r i v e d  f r o m  a s i n g l e  p a i r  m a t i n g  w h i c h  s h o w e d  s e x  r a t i o  
d i s t o r t i o n  a n d  g a v e  m a l e  p r o g e n y  a l l  of  w h i c h  s h o w e d  d i s t o r t i o n ,  t h u s  p r o v i n g  
t h a t  a l l  t h e  m a l l e l e s  i n c o r p o r a t e d  in to  t he  l i n e  w e r e  of  t h e  m d,  d i s t o r t i o n  s e n -  
s i t i v e ,  t y p e . - -  I n i t i a l l y  t he  s t o c k  h a d  a m e a n  of a b o u t  14G f e m a l e s  bu t  t o w a r d s  
the  e:',d o f  t h e  e x p e r i m e n t  t h i s  w a s  f o u n d  to h a v e  r i s e n  to  a b o u t  Z0%.  

B o t h  the  t r a n s l o c a t i o n  a n d  d i s t o r t e r  m a t e r i a l  f o r  r e l e a s e  w a s  r e a r e d  in t he  
l a b o r a t o r y  u s i n g  t h e  s a m e  l a r v a l  d i e t  a s  in t he  ou t  d o o r  c a g e s .  E g g s  w e r e  h a t c h e d  
d a i l y  so  a s  to p r o v i d e ,  a s  f a r  a s  p o s s i b l e ,  a s t e a d y  d a i l y  s u p p l y  of  y o u n g  m a l e  
a d u l t s  f o r  d a i l y  r e l e a s e  i n t o  t h e  c a g e s .  A l l  f e m a l e s  w e r e  r e n ' t o v e d  p r i o r  to r e -  

l e a s e .  

C o m p u t e r  m o d e l  

C u r t i s  a n d  R o b i n s o n  (1971)  s i m u l a t e d  the  p o p u l a t i o n  g e n e t i c s  of  d o u b l e  t r a n s -  
l o c a t i o n s  in a p o p u l a t i o n  m o d e l  w i t h  d i s c r e t e  g e n e r a t i o n s .  H o w e v e r ,  the  p r e s e n t  
p o p u l a t i o n  m o d e l  w a s  b a s e d  on  the  m o r e  r e a l i s t i c  a s s u m p t i o n  of  o v e r l a p p i n g  
g e n e r a t i o n s ,  a l l  V a r i a b l e s  b e i n g  u p d a t e d  d a i l y .  F o r  t h i s  p u r p o s e  it is  n e c e s s a r y  
to k e e p  a c c o u n t  of  the  n u m b e r s  o f  s u r v i v i n g  f e m a l e s  of  e a c h  g e n o t y p e  w h i c h  h a v e  
m a t e d  w i t h  m a l e s  of  e a c h  g e n o t y p e .  

In t h e  T I / T Z  d o u b l e  h e t e r o z y g o t e ,  c r o s s - o v e r s  c a n  o c c u r  in t he  d i f f e r e n t i a l  
s e g m e n t  b e t w e e n  the  two t r a n s l o c a t i o n  b r e a k p o i n t s  on c h r o m o s o m e  III. T h u ~ ,  
the  T I  a n d  TZ c a n  e x i s t  in the  r e p u l s i o n  a n d  the  c o u p l i n g  c o m b i n a t i o n s  a n d  h e n c e  
a t o t a l  o f  I0  g e n o t y p e s  a r e  p o s s i b l e  ip e a c h  s e x ,  i . e .  t h e r e  a r e  100 p o s s i b l e  t y p e s  
of  m a t i n g .  T h e  r a t i o s  of  t he  t y p e s  of  v i a b l e  p r o g e n y  f r o m  e a c h  m a t i n g  w e r e  
w r i t t e n  i n t o  t h e  c o m p u t e r  p r o g r a m m e ,  b a s e d  on the  M e n d e l i a n  r u l e s ,  n e g l e c t i n g  
the  p o s s i b i l i t y  of  c o m p l e m e n t a t i o n  b e t w e e n  c h r o m o s o m a l l y  u n b a l a n c e d  g a m e t e s  
g i v i n g  v i a b l e  z y g o t e s .  T h e  f r e q u e n c y  of  c r o s s i n g  o v e r  b e t w e e n  the  t r a n s l o c a t i o n s  
and  the  f e r t i l i t y  of  t he  v a r i o u s  m a t i n g s  w e r e  l e f t  a s  v a r i a b l e s  to be  s p e c i f i e d  f o r  
a n y  p a r t i c u l a r  t r a n s l o c a t i o n .  In s i m u l a t i n g  the  b e h a v i o u r  of  d o u b l e  t r a n s l o c a -  
t i o n s ,  no a c c o u n t  w a s  t a k e n  of  t h e  s e x  l i n k a g e  of  the  T ]  t r a n s i o c a t i o n ,  b e c a u s e  
it w a s  a s s u m e d  t h a t ,  in p r a c t i c e ,  b o t h  m a l e s  a n d  f e m a l e s  of  a s e x  l i n k e d  t r a n s -  

~ 'Suppl ied  by D r .  1R. W o o d ,  G e n e t i c s  U n i t ,  D e p a r t m e n t  of  Z o o l o g y ,  U n i v e r s i t y  of  

M a n c h e s t e r ,  U n i t e d  K i n g d o m .  
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l o c a t i o n  h o m o z y g o t e  s t o c k  w o u l d  be u s e d  f o r  d o u b l e  h e t e r o z y g o t e  p r o d u c t i o n ,  so  
t h a t  e q u a l  n u n ] b e r s  of  t h e  M a n d  m l i n k e d ' v e r s i o n  o f  t h e  t r a n s l o c a t i o n  w o u l d  be 

r e l e a s e d ,  

A s e p a r a t e  s u b - m o d e l  w a s  u s e d  to s i m u l a t e  t h e  s e x  r a t i o  d i s t o r t i o n  s y s t e m .  
Following the terminology of Hickey and Craig (1966, a) there are four male geno- 
types: MDm d (distorter males) and Mdm d, Mdm D and MDm D (all non-distorters). 

There are three female genotypes: ,~-d~-d ~--dm-~D and m--lbm----D. The extent of sex 

ratio distortion in matings by MDmd--ma]~es and the frequency of m d and m D in the 

wild population were left as variables to the specified for each con~puter run. The 

model can simulate the combination of sex ratio distortion with one translocation, 

and it leaves the fertility of the translocation genotypes and the amount of re- 

combination between the distorter gene and the translocation as variables to be 

specified. As a result of recombination, there are a total of 16 male and I0 fe- 

male genotypes, i.e. 160 types of mating. 

T h e  m o d e l  of  t h e  d y n a m i c s  o f  t h e  w i l d  p o p u l a t i o n  a s s u m e d  a c o n s t a n t  d a i l y  
m o r t a l i t y  a t  a l l  a d u l t  a g e s .  V a l u e s  of  43.9~0 a n d  16 .9% p e r  d a y  w e r e  a s s u m e d  
f o r  t h e  m a l e  a n d  f e m a l e  l o s s  r a t e s .  T h e s e  v a l u e s  g e n e r a t e  p o p u l a t i o n s  w i t h  t h e  
sa l ine  m e a n  a g e  a t  m a l e  m a t i n g  a n d  a t  e g g  l a y i n g  a s  w e r e  o b s e r v e d  f o r  A. a e g y p t i  
in o u t d o o r  c a g e s  (R, R e u b e n ,  p e r s o n a l  c o m m u n i c a t i o n ) .  A c o n s t a n t  4 d a y  p e r i o d  
b e t w e e n  e g g  l a y i n g  a n d  h a t c h i n g  a n d  a 7 d a y  p e r i o d  of  a q u a t i c  l i f e  w e r e  a s s u m e d .  
T h e  p r o b a b i l i t y  of  l a r v a l  s u r v i v a l  is  i n v e r s e l y  r e l a t e d  to l a r v a l  p o p u l a t i o n  d e n -  
s i t y  a n d  t h e  s t r e n g t h  of t h i s  d e n s i t y  d e p e n d e n t  r e g u l a t o r y  m e c h a n i s m  i s  a v a r i a b l e  

to be  s p e c i f i e d  f o r  e a c h  r u n .  

RESULTS 

The behaviour of the population prior to  the releases 

F o r  t h e  c a g e  p o p u l a t i o n  in t h e  a b s e n c e  of  r e l e a s e s ,  T a b l e  l ( a )  s h o w s  the  r e -  
l a t i o n s h i p  of  p u p a l  o u t p u t  to e g g  i n p u t  in  t h e  f o u r  r e a r i n g  p a n s  in t he  o u t d o o r  
c a g e s ,  T h e r e  is  a f a i r l y  c l e a r  i n v e r s e  r e l a t i o n s h i p  of  l a r v a l  s u r v i v a l  to i n p u t  
d e n s i t y ,  H o w e v e r ,  t he  d e n s i t y  d e p e n d e n c e  r e l a t i o n s h i p  w a s  c o n s i d e r a b l y  l e s s  
s t e e p  t h a n  w a s  i n t e n d e d ,  p e r h a p s  b e c a u s e  too m u c h  f o o d  w a s  g i v e n  to c r e a t e  c o n -  
d i t i o n s  of  i n t e n s e  c o m p e t i t i o n  a t  t he  h i g h e r  d e n s i t i e s .  

The yield of eggs in the ovitraps was extremely variable from cage to cage 

and week to week. It was hoped that when the rate of emergence of female ad.ults 

w a s  r e d u c e d  a s  a r e s u l t  o f  t h e  r e l e a s e s ,  t h e  o v i p o s l t l o n  r a t e  w o u l d  d e c l i n e ,  a n d  
the  i n t e n t i o n  w a s  t h e n  to r e d u c e  p r o p o r t i o n a t e l y  t h e  i n p u t  of  e g g s  in to  t he  r e a r i n g  
p a n s .  H o w e v e r ,  t h e  o v i p o s i t i o n  r a t e  p r i o r  to r e l e a s e s  w a s  so  v a r i a b l e  t h a t  i t  
b e c a m e  c l e a r  t h a t  a c o r r e l a t i o n  of  r e d u c t i o n  in o v i p o s i t i o n  to r e d u c t i o n  in n u m -  
b e r  of  f e m a l e s  e m e r g i n g  w o u l d  not  be  d e m o n s t r a t e d  u n l e s s  f e m a l e  e m e r g e n c e  
w a s  r e d u c e d  v e r y  d r a s t i c a l l y .  T h e r e f o r e ,  the  p r a c t i c e  w a s  i n i t i a t e d  of  i n t r o d u -  
c l u g  lO0 e g g s  p e r  d a y  f r o m  t h e  o v l t r a p s  in to  t h e  r e a r i n g  p a n s ,  r e g a r d l e s s  of  

f l u c t u a t i o n s  in n u m b e r  of  e g g s  l a i d .  
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Table 1. Density dependence of larval survival in the four rearing pans - the 
number of pupae produced (number of puape produced per input of eggs 

in parentheses). 

Pan No. [ Pan No.2 Pan No. 3 Pan No.4 
(100 eggs/day) (20 eggs/day) (30 eggs/day)  (40. eggs/day) 

(a) The period before releases (10 weeks for A & B, 4 weeks for C) 

Cage A 573 (.82) 1052 (.75) 1468 (.70) 1859 (.66) 
Cage B 557 (.80) 993 (.71) 1567 (.75) 2038 (.73) 
Cage C 234 (.84) 423 (.76) 583 (.69) 782 (.70) 

(b) The period when pupal output of Cage A was depressed c~ (3 weeks) and when 
sex distortion in Cage C was greatest cm (5 weeks) 

Cage A 76 (. 36) 129 (.31) 205 (.33) 394 (.47) 
Cage B 157 (. 75) 303 (. 72) 410 (. 65) 592 (.70) 
Cage C 282 (.81) 521 (.74} 704 (.67) 1092 (.78) 

c~ i.e., the difference between A & B was greater than 150 pupae. 
cm i.e., the difference between number of males and females was greater than 

100. 
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T h e  r e l e a s e  of  t r a n s l o c a t e d  m a l e s  

T h e  n u m b e r  of  t r a n s l o c a t e d  m a l e s  r e l e a s e d  i n t o  c a g e  A a r e  s h o w n  in T a b l e  
2. T h e  n u m b e r s  r e l e a s e d  m a y  be  r e l a t e d  to a m e a n  w e e k l y  e m e r g e n c e  in t he  
c a g e  of  m a l e  p u p a e  of  a b o u t  250,  so  t h a t  t h e  o v e r a l l  a v e r a g e  r e l e a s e  r a t i o  w a s  
a b o u t  3 :1 .  T h e  f e r t i l i t y  of  e g g s  l a i d  in c a g e  A a n d  in t he  c o n t r o l  c a g e  B is  s h o w n  
a l s o  in T a b l e  2 .  F e r t i l i t y  in c a g e  A d e c r e a s e d  to i t s  m i n i m u m  two w e e k s  a f t e r  
t he  t e r m i n a t i o n  of r e l e a s e s  a n d  t h e r e a f t e r  r o s e  r a p i d l y  b a c k  t o w a r d s  t he  c o n t r o l  
l e v e l .  T h e  f e r t i l i t y  f r o m  c a g e  B w a s  u n i f o r m l y  v e r y  h i g h ,  so  t h e r e  is  no d o u b t  
t h a t  t h e  s t e r i l i t y  in  c a g e  A w a s  a n  e f f e c t  o f  t h e  r e l e a s e s  of  t r a n s l o c a t i o n s .  F e -  
m a l e s  c a p t u r e d  f r o m  c a g e  A a n d  e g g e d  i n d i v i d u a l l y  s h o w e d  an  i n c r e a s i n g  p r o p o r -  
t i on  t h a t  l a i d  p a r t i a l l y  s t e r i l e  e g g s  up to a m a x i m u m  of  13 ou t  o f  16 in t h e  w e e k  
r e l e a s e s  w e r e  t e r m i n a t e d .  F r o m  a s a m p l e  of  28 f e m a l e s  s h o w i n g  p a r t i a l  s t e r i -  
l i t y ,  a t o t a l  of  119 s o n s  w e r e  r e a r e d  in t he  l a b o r a t o r y  a n d  t e s t e d  f o r  f e r t i l i t y .  
F r o m  25 of t h e s e  p a r t i a l l y  s t e r i l e  f e m a l e s ,  a l l  o r  s o m e  o f  t h e  s o n s  s h o w e d  i n -  
h e r i t a n c e  of  the  p a r t i a l  s t e r i l i t y ,  t h u s  p r o v i n g  t h a t  t he  p a r t i a l  s t e r i l i t y  w a s  d u e  
to the  r e l e a s e d  s e x  l i n k e d  o r  a u t o s o m a l  t r a n s l o c a t i o n s .  T h r e e  of  t he  p a r t i a l l y  
s t e r i l e  f e m a l e s  g a v e  a l l  f u l l y  f e r t i l e  s o n s ;  t h i s  c o u l d  be e x p l a i n e d  i f  t he  f e m a l e s  
h a d  m a t e d  to m a l e s  c a r r y i n g  m l i n k e d  T1 t r a n s l o c a t i o n s  o r ,  in t h e s e  c a s e s ,  t h e r e  
m i g h t  h a v e  b e e n  no i n v o l v e m e n t  of  t r a n s l o c a t i o n s .  O n l y  in  o n e  w e e k  w e r e  a n y  
p a r t i a l l y  s t e r i l e  f e m a l e s  f o u n d  in c a g e  B a n d  s o n s  o b t a i n e d  f r o m  t h e s e  w e r e  a l l  
f u l l y  f e r t i l e .  T h u s  a h - n o s t  a l l  c a s e s  of  p a r t i a l  s t e r i l i t y  in c a g e  A c a n  be  a t t r i b u -  
t e d  to m a t i n g  by  a t r a n s l o c a t e d  m a l e  a n d / o r  to the  f a c t  t h a t  t he  f e m a l e s  t h e m -  
s e l v e s  h a d  i n h e r i t e d  a t r a n s l o c a t i o n .  D u r i n g  t h e  p e r i o d  w h e n  egg  f e r t i l i t y  w a s  a t  
i t s  m i n i m u m ,  the  p u p a l  y i e l d  in c a g e  A w a s  c o n s i d e r a b l y  d e p r e s s e d .  In t h i s  
p e r i o d  in c a g e  A t h e r e  w a s  no r e l a t i o n s h i p  of l a r v a l  s u r v i v a l  to e g g  i n p u t  d e n s i t y  
( T a b l e  l b ) ,  s u g g e s t i n g  t h a t  the  p a r t i a l  s t e r i l i t y  r e d u c e d  the  d e n s i t y  of  l a r v a e  
b e l o w  t h a t  a t  w h i c h  t h e y  c o m p e t e  w i t h  e a c h  o t h e r ,  e v e n  a t  the  h i g h e s t  e g g  i n p u t  
d e n s i t i e s .  H o w e v e r ,  t h e  c o n t e m p o r a r y  d a t a  f r o m  c a g e  B ( T a b l e  l b )  s h o w  s u c h  a 
w ~ a k  d e n s i t y  d e p e n d e n c e  r e l a t i o n s h i p  t h a t  t he  d i f f e r e n c e  in t he  r e l a t i o n s h i p  in 
c a g e  A a n d  B i s  not  c o n c l u s i v e .  

T h e  r e l e a s e  of  s e x  r a t i o  d i s t o r t e r  m a l e s  

R e l e a s e s  of d i s t o r t e r  m a l e s  i n t o  c a g e  C w e r e  i n i t i a t e d  o n e  w e e k  a f t e r  t h o s e  
of  t r a n s l o c a t i o n  m a l e s  i n t o  A a n d  T a b l e  3 s h o w s  t h e  n u m b e r s  of  d i s t o r t e r  m a l e s  
r e l e a s e d .  T h e  m e a n  r e l e a s e  r a t i o ,  r e l a t i v e  to an  a p p r o x i m a t e  m e a n  w e e k l y  
e m e r g e n c e  of  m a l e  p u p a e  of  250 ,  w a s  a b o u t  2 :1 .  T h e  d a t a  in  T a b l e  3 on the  p r o -  
p o r t i o n  of  f e m a l e s  a m o n g  p u p a e  p r o d u c e d  in t he  c a g e  a n d  on  t h e  p r o p o r t i o n  o f  
f e m a l e s  a m o n g  e g g s  c o l l e c t e d  in  t he  c a g e  a n d  r e a r e d  in t h e  l a b o r a t o r y  s h o w e d  
s o m e  d i s t o r t i o n  o f  t he  s e x  r a t i o  f r o m  2 w e e k s  a f t e r  i n i t i a t i o n  of  r e l e a s e s .  D i s -  
t o r t i o n  c o n t i n u e d  to a p p e a r  f o r  13 w e e k s  a f t e r  the  t e r m i n a t i o n  of r e l e a s e s ,  a t  
w h i c h  t i m e  t h e  c a g e  p o p u l a t i o n  c o u l d  no l o n g e r  be m a i n t a i n e d  b e c a u s e  of  c o l d  

w e a t h e r .  

A n  i m p o r t a n t  p a r a m e t e r  in  d e t e r m i n i n g  the  e x t e n t  o f  p e r s i s t a n c e  a n d  s p r e a d -  
ing  of s e x  r a t i o  d i s t o r t i o n  in a p o p u l a t i o n  a f t e r  r e l e a s e ,  i s  the  r e l a t i v e  f r e q u e n c y  
of t h e  m D ( d i s t o r t i o n  r e s i s t a n t )  a n d  m d ( d i s t o r t i o n  s e n s i t i v e )  a l l e l e s  in t he  t a r g e t  
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w i l d  p o p u l a t i o n .  T h e s e  g e n e s  c a n  b e  i d e n t i f i e d  in  a f e m a l e  by m a t i n ~  to a d i s t o r -  
t e r  m a l e  a n d  t e s t  m a t i n g  a s a m p l e ,  of  t h e  s o n s .  If t h e  f e m a l e  w a s  cn m d a l l  t he  
s o n s  w i l l  be  d i s t o r t e r s ,  if i t  w a s  m D m  D a l l  t he  s o n s  w i l l  be  n o n - d i s t 0 r t e r  a n d  if 
it  w a s  m D m  d t h e r e  w i l l  be  a segre--ga[i---on of  d i s t o r t e r  a n d  n o n - d i s t o r t e r  s o n s .  A 

s a c n p l e  of  24 f e m a l e s  f r o m  t h e  c a g e  p o p u l a t i o n  p r i o r  to t he  s t a r t  of  r e l e a s e s  w e r e  
c l a s s i f i e d  a s  f o l l o w s :  4 m D m  D, 12 m D m  d a n d  8 m d m  d, g i v i n g  a n  e s t h ~ n a t e d  m d 
f r e q u e n c y  of 6 2 . 5 % .  A s a m p l e  o f  31 f e m a l e s  f r o m  t h e  t o w n  of  S o n e p a t ,  w h e r e  
t he  m a t e r i a l  o r i g i n a t e d ,  i n d i c a t e d  a n  m d f r e q u e n c y  of  6 9 . 3 %  w h i c h  c o n f o r m s  w i t h  
d a t a  of  R . W o o d  ( p e r s o n a l  c o m m u n i c a t i o n )  f r o m  c o l l e c t i o n s  in t he  s a m e  t o w n .  No 
M D a l l e l e s  h a v e  b e e n  f o u n d  in w i l d  m a l e s  in S o n e p a t .  At  w e e k s  6, 18 a n d  19 
a f t e r  the  s t a r t  of  t he  e x p e r i m e n t ,  m a l e s  f r o m  e g g s  l a i d  in  t h e  c a g e  w e r e  m a t e d  
to f e m a l e s  of  t he  d i s t o r t e r  l i n e  ( w h i c h  a r e  k n o w n  to be m d m d ) .  T h e  n u m b e r  of  
t h e s e  i n d i v i d u a l  m a t l n g s  w h i c h  s h o w e d  d i s t o r t i o n  w e r e  r e c o r d e d  a n d ,  f r o m  t h e  
m a t i n g s  w i t h o u t  d i s t o r t i o n ,  s o n s  w e r e  t e s t  m a t e d .  W h e n  t h e  o r i g i n a l  c n a l e  c a p -  
t u r e d  f r o m  the  c a g e  h a d  t h e  d i s t o r t e r  a l l e l e  n e u t r a l i z e d  by  t h e  r e s i s t a n c e  a l l e l e  
( M D m D ) ,  t h e  s o n s  s h o w  s e x  r a t i o  d i s t o r t i o n  w h e n  m a t e d .  T h o s e  t e s t e d  a l l o w e d  
the  f o l l o w i n g  c l a s s i f i c a t i o n  of  g e n o t y p e s  f r o m  t h e  c a g e :  

W e e k  M D m  d M D m  D M d m "  T o t a l  No.  t e s t e d  

6 17 lO 7 34 

18-19 B 6 4 18 

T h u s  t h e r e  w a s  l i t t l e  a p p a r e n t  c h a n g e  in t h e  g e n e  f r e q u e n c i e s  o v e r  t h e  1 2 - 1 3  
w e e k  p e r i o d  d u r i n g  w h i c h  no r e l e a s e s  w e r e  m a d e .  

C o m p u t e r  s i m u l a t i o n  

(a) Simulation of  t he  c a g e  e x p e r i m e n t s  

C o m p u t e r  p r e d i c t i o n s  of t h e  f e r t i l i t y  o r  p r o p o r t i o n  of  f e m a l e  p u p a e  in  t he  
f i e l d  c a g e  p o p u l a t i o n s  c o m p a r e d  w i t h  t h e  o b s e r v e d  d a t a  in  f i e l d  c a g e  A a n d  G a r e  
s h o w n  in F i g .  1. T h e  f o l l o w i n g  v a l u e s  w e r e  u s e d  f o r  t he  f e r t i l i t y  a n d  r e c o , - n b i n a -  
l i o n  in  t h e  t r a n s l o c a t i o n  g e n o t y p e s  i n  c a g e  A: T 1 T 1  - 4 4 % ;  T 1 T 2  - 2 0 % ,  T 2 T 2  
- 6 2 % ;  10G r e c o m b i n a t i o n  b e t w e e n  T1 a n d  T2 ( L o r i m e r  e t  a l ,  1972; R a i  e t  a l ,  
1974; L o r i m e r  a n d  H a l l i n a n ,  u n p u b l i s h e d  d a t a ) .  A l l  g e n o t y p e s  w e r e  a s s u m e d  to 
h a v e  fu l l  v i a b i l i t y  a n d  m a t i n g  c o m p e t i t i v e n e s s .  F o r  t h e  t r a n s l o c a t i o n  c a g e ,  A,  
t he  p r e d i c t i o n s  a n d  t h e  o b s e r v e d  d a t a  f i t  r e a s o n a b l y  w e l l .  F o r  t he  d i s t o r t e r  c a g e ,  
G, a n  i n i t i a l  f r e q u e n c y  of  30% of  t he  m D g e n e  in t he  w i l d  p o p u l a t i o n  w a s  a s s u m e d  
a n d  t h e  s i m u l a t i o n s  w e r e  r u n  speci fy in- -g  e i t h e r  (a) 14% o r  (b) 20% f e m a l e s  f r o m  
m a t i n g s  of  t he  d i s t o r t e r  m a l e s .  In s i m u l a t i o n  (b) a l a r v a l  v i a b i l i t y  of  81% of  
n o r m a l  w a s  a t t a c h e d  to d i s t o r t e r  m a l e s  on tl~e b a s i s  of  l i m i t e d  d a t a  w h i c h  i n d i c a t e  

s u c h  r e d u c e d  v i a b i l i t y  u n d e r  o u t d o o r  c o n d i t i o n s .  T h e r e  w a s  a l a r g e  d i s c r e p a n c y  
b e t w e e n  s i m u l a t i o n  (a) a n d  tbe  o b s e r v a t i o n s ,  b u t  s i m u l a t i o n  (b), w i t h  a w e a k e r  
d i s t o r t i o n  a n d  r e d u c e d  v i a b i l i t y  of  d i s t o r t e r  m a l e s ,  a g r e e d  b e t t e r  w i th  t h e  o b s e r -  
v a t i o n s .  T h e  s i m u l a t i o n  p r e d i c t e d  a s t e a d y  i n c r e a s e  in t he  p r o p o r t i o n  of f e m a l e s  
p r o d u c e d  a f t e r  t h e  t e r m i n a t i o n  of  r e l e a s e s  b e c a u s e  of  t he  e v o l u t i o n  of  a n  i n c r e a -  
s i n g l y  h i g h  m D f r e q u e n c y  u n d e r  t h e  s e l e c t i o n  p r e s s u r e  f o r  t h i s  g e n e ,  w h i c h  i s  
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releases) in comparison with computer simulations. 
The assumptions on which the simulations are based 
are defined in the text. 
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c r e a t e d  b y  t h e  p r e s e n c e  of  t h e  M D g e n e  in t h e  p o p u l a t i o n .  T h e  o b s e r v e d  d a t a  d i d  
no t  s h o w  e v i d e n c e  of  t h i s  e f f e c t  in  t h e  13 w e e k  p e r i o d  a f t e r  r e l e a s e s  w e r e  t e r m i . -  
h a t e d .  T h i s  m a y ,  a t  l e a s t  i n . p a r t ,  be  e x p l a i n e d  by  r e d u c t i o n  in  t h e  r a t e  of  t u r n - -  
o v e r  of  t h e  p o p u l a t i o n  to a low l e v e l  d u e  to low t e m p e r a t u r e s  in  t h e  l a t e r  s t a g e s  
of t h e  e x p e r i m e n t .  

(b) S i m u l a t i o t l  of  p o s s i b l e  c o n t r o l  s y s t e m s  

S i m u l a t i o n s  of  r e l e a s e s  o f  t h r e e  t y p e s  of g e n e t i c  m a t e r i a l  i n t o  a p o p u l a t i o n ,  
w h i c h  h a s  b e e ' n  a s s u m e d  to h a v e  d e n s i t y  d e p e n d e n t  r e g u l a t i o n  l e a d i n g  to  a m a x i -  
m u m  of t h r e e  f o l d  r e c o v e r y  p o t e n t i a l  p e r  g e n e r a t i o n ,  a r e  p r e s e n t e d  in  F i g .  2.  
In e a c h  c a s e  a s t a n d a r d  r e l e a s e  p a t t e r n  w a s  t e s t e d ,  i . e .  d a i l y  r e l e a s e s  f o r  60 
d a y s  of s i x  t i m e s  t h e  i n i t i a l  d a i l y  e F n e r g e n c e  of  n%ales .  T h e  r e l e a s e  m a l e s  t e s t e d  
w e r e :  (a)  d i s t o r t e r  g i v i n g  14~0 f e m a l e s ,  (b) d o u b l e  t r a n s l o c a t i o n  h e t e r o z y g o t e s  
( T 1 T 2 ) ,  (c)  d i s t o r t e r  s i n g l e  t r a n s l o c a t i o n  h e t e r o z y g o t e s  ( D i s t o r t e r  T I + )  m a d e  by  
c r o s s i n g  m a l e s  of a d i s t o r t e r  T 1 T 1  h o m o z y g o t e  s t o c k  to u n t r a n s l o c a t e d  d i s t o r t i o n  
s e n s i t i v e  f e m a l e s .  T h e s e  m a l e s  w e r e  a s s m ' n e d  to p r o d u c e  14% f e m a l e s  a n d  50% 
s t e r i l i t y  a n d  to s h o w  3~/0 r e c o m b i n a t i o n  b e t w e e n  T l  a n d  t h e  s e x  l o c u s .  In e a c h  
s i m u l a t i o n  i t  w a s  a s s u m e d  t h a t  9 9 . 5 %  of  t h e  f e m a l e s  w e r e  r e m o v e d  b e f o r e  t h e  
m o s q u i t o s  w e r e  r e l e a s e d  ( S i n g h ,  B r o o k s  a n d  A n s a r i ,  1974) .  T h e  v a l u e s  u s e d  f o r  
t he  f e r t i l i t y  of  t h e  t r a n s l o c a t i o n  g e n o t y p e s  w e r e  a s  s p e c i f i e d  a b o v e .  

In  e a c h  c a s e  t h e  p o p u l a t i o n  w a s  s u p p r e s s e d  to a m i n i m u m  s o m e  t i m e  a f t e r  
t h e  t e r m i n a t i o n  of r e l e a s e s  a n d  i t  t h e n  s t a r t e d  to r e c o v e r .  T h e  r e c o v e r y  w a s  
d u e  to d e n s i t y  d e p e n d e n t  r e g u l a t i o n  c o u p l e d  w i t h  s e l e c t i v e  e l i m i n a t i o n  o f  t h e  
t r a n s l o c a t i o n  a n d / o r  s e l e c t i v e  i n c r e a s e  in  t h e  m D f r e q u e n c y .  T h e  d i s t o r t e r  
m a l e s  s u c c e e d e d  in  a c h i e v i n g  a m a x i m u m  of 88-~0 p o p u l a t i o n  s u p p r e s s i o n  o n l y ,  
b u t  t h e  o t h e r  two  s y s t e m s  a c h i e v e d  o v e r  9 9 %  s u p p r e s s i o n  a n d  a f t e r  t h e  D i s t o r t e r  
T I +  r e l e a s e s  t h e  p o p u l a t i o n  r e m a i n e d  s u p p r e s s e d  to t h e  e x t e n t  of m o r e  t h a n  99~ 
f o r  a b o u t  80 d a y s .  

DISC U S S I O N  

B o t h  t h e  t r a n s l o c a t i o n  a n d  d i s t o r t e r  r e l e a s e s  h a d  d e t e c t a b l e  e f f e c t s  o n  t h e  
e m e r g e n c e  r a t e  of f e m a l e s  it'l t h e  c a g e  p o p u l a t i o n s ,  t h e  e f f e c t  b e i n g  t e m p o r a r i l y  
s t r o n g e r  w i t h  t r a n s l o c a t i o n s  b u t  a l s o  d y i n g  a w a y  f a s t e r  a f t e r  r e l e a s e s  w e r e  t e r -  
m i n a t e d .  T h e  e x p e r i m e n t s  d i d  n o t  p r o v i d e  a d e f i n i t i v e  c o m p a r i s o n  of  t h e  two  
c o n t r o l  s y s t e m s  f o r  s e v e r a l  r e a s o n s ,  n o t a b l y :  (a) t h e  i m p u r i t y  of  t h e  t r a n s l o c a -  
t i o n  m a t e r i a l ,  (b) t h e  r e l a t i v e l y  s m a l l  n u m b e r s  r e l e a s e d ,  (c) t h e  v a r i a b i l i t y  of  
n u m b e r s  of  e g g s  c o l l e c t e d  in  t h e  c a g e s ,  a n d  (d) t h e  w e a k n e s s  of  t h e  d e n s i t y  d e -  
p e n d e n c e  of l a r v a l  s u r v i v a l .  A f t e r  r e m e d y i n g  t h e s e  d e f e c t s  i t  i s  b e l i e v e d  t h a t  
m e a n i n g f u l  c o m p a r i s o n s  of  t h e  p o p u l a t i o n  s u p p r e s s i n g  e f f i c i e n c y  of  d i f f e r e n t  
s y s t e m s  w i l l  b e  p o s s i b l e  f r o m  f i e l d  c a g e  d a t a ,  s u p p l e m e n t e d  w i t h  s t u d i e s  on  d i s -  
p e r s a l ,  m a t i n g  c o m p e t i t i v e n e s s  a n d  d e n s i t y  d e p e n d e n t  r e g u l a t i o n  in  t h e  w i l d .  
I d e a l l y  s m a l l  s c a l e  c o m p a r a t i v e  f i e l d  s t u d i e s  on  p o p u l a t i o n  s u p p r e s s i o n  w o u l d  b e  
p r e f e r a b l e  b e c a u s e  t h e y  w o u l d  a w ~ i d  t h e  o b v i o u s  a r t i f i c i a l i t y  of  t h e  c a g e  s y s t e m .  
H o w e v e r ,  e x p e r i e n c e  in  t h i s  U n i t  w i t h  C u l e x  f a t i g a n s  h a s  i n d i c a t e d  t h e  d i f f i c u l t y  
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of f ind ing  s i t e s  fo r  such s t u d i e s  wh ich  a r e  s u f f i c i e n t l y  i s o l a t e d  and c o m p a r a b l e  
in t h e i r  n a t u r a l  s e a s o n a l  t r e n d s  to y i e l d  c o n c l u s i v e  c o m p a r i s o n s  of d i f f e r e n t  
g e n e t i c  c o n t r o l  s y s t e m s .  

The  c a g e  e x p e r i m e n t s  and c o m p u t e r  s i m u l a t i o n s  c o n f i r m e d  i n t u i t i v e  e x p e c -  
t a t i o n s  t h a t  the s e x  r a t i o  d i s t o r t e r  a l o n e  would  be i n s u f f i c i e n t l y  p o w e r f u l  to c o n t r o l  
a p o p u l g t i o n  with  a c o n s i d e r a b l e  f r e q u e n c y  of the d i s t o r t i o n  r e s i s t a n t ,  m D, gene .  
H o w e v e r ,  the c o m p u t e r  s i m u l a t i o n  i n d i c a t e d  c o n s i d e r a b l e  p r o m i s e  f o r a  l inked  
S y s t e m  of the d i s t r o t e r  and a t r a n s l o c a t i o n .  R e c e n t l y  the TI  t r a n s h ) c a t i o n  has  
been  l i nked  to the d i s t o r t e r  and i n t e r - a c t i o n s  h a v e  b e e n  found which  wi l l  r e q u i r e  
m o d i f i c a t i o n s  in the a s s u m p t i o n s  on which  the s i m u l a t h ) n  of D T I / +  in F i g .  2. is 
b a s e d  (Suguna and C u r t i s ,  1974). A n o t h e r  I / I I I  t r a n s l o c a t i o n ,  T3, has  b e e n  e s -  
t a b l i s h e d  as  a p u r e  h o m o z y g o u s  l ine  and the T I / T 3  doub le  h e t e r o z y g o t e  w i thou t  
d i s t o r t i o n  {Uppal, C u r t i s  and Hal ,  1974) and with d i s t o r t i o n  (Suguna and C u r t i s ,  
1974) h a v e  b e e n  p r o d u c e d  and t h e s e  g e n o t y p e s ,  t o g e t h e r  wi th  c h e m o s t e r i l i z e d  
m a l e s ,  w e r e  c o m p a r e d  d u r i n g  1974 f o r  t h e i r  a b i l i t y  to s u p p r e s s  populat io ,~s  [n 
f i e ld  : ages  {Cur t i s  et a i . ,  i976) .  
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