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ABSTRACT 

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

t e m p e r a t u r e  o f  the b r e e d i n g  s i t e  on  v a r i ~ u s  a s p e c t s  of 

t h e  lifa h i s t o r y  o f  Aedes a e g y p t i  ( L . )  a n d  C u l e x  

p i p i e n s  L, i n  t h e  l a b o r a t o r y .  

The  e f fec ts  o f  w a t e r  t e m p e r s t u r e  Dn d u r a t i o n  of 

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

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

f a v ~ u r a b l e  f o r  Ae. a e g y p t i  and  C. p i p i e n s .  The e f f e c t  

o f  t e m p e r a t u r e  of r e a r i n g  on t h e  f e c u n d i t y  o f  e. 
a e g y p t i  a d u l t s  was d e t e r m i n e d .  T h e s e  p a r a m e t e r s  were 

t h e n  compared  t o  t h e  number  o f  e g g s  l a i d  b y  e a c h  

s p e c i e s  i n  w a t e r  a t  v a r i o u s  t e m p e r a t u r e s .  

The f fopt imumfl  f o r  @. a e g y p t i  was 25  C a n d  for  2. 

p i p i e n s  was 20 C. 

3 0 t h  s p e c i e s  showed r e d u c e d  o v i p o s i t i o n  a t  h i g h  

and  low t e m p e r a t u r e s  when no o t h e r  o p t i o n  was 

a v a i l a b l e .  O v i p o s i t i o n  o f  Ae. a e g y p t i  i n  w a t e r  s t  high - 

iii 



t e m p e r a t u r e s  was i n f l u e n c e d  b y  t h e  t e m p e r a t u r e  a t  w h i c h  

t h e y  were r e a r e d  a n d  by a i r  t e m p e r a t u r e .  

When g i v e n  a c h o i c e ,  - A e .  a e g y p t i  o v i p o s i t e d  more 

i n  water b e t w e e n  20 a n d  30 C, w h e r e a s  t h e  r a n g e  

• ’ 2 ~  C ,  p i p i e n s  w a s  b e t w e e n  20 a n d  2 5  C. W i t h i n  t h e s e  - 
r a n g e s  b o t h  s p e c i e s  had  t h e  s h o r t e s t  time o f  

d e v s l o p m e n ~ ,  a n d  s u r v i v a l ,  s i z e  of  imago ,  a n d  f e c u n d i t y  

(Ae. - a e g y p t i  o n l y )  were  g r e a t e s t .  

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

m o s q u i t ~  c o n t r o l  programme i s  d i s c u s s e d  i n  t h e  l i g h t  o f  

t h e  r e s u l t s  of t h i s  work. 
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i n d i c a t e d  t h r e e  d i f f e r e n t  
(Student-Newman-Keuls)  

r e s p o n s e  g r o u p s :  I; w h e r e  more e g g s  
z r e  l a i d  a t  t h e  h i g h e r  t e m p e r a t u r e ,  
11; w h e r e  t h e r e  i s  n o  d i f f e r e n c e  
b e t w e e n  t h e  number  o f  e g g s  a t  t h e  
t w o  s i t e s ,  a n d  I11 w h e r e  more e g g s  
a re  l a i d  a t  t h e  lower t e m p e r a t u r e .  
H a t c h e d  b a r s  d e s i g n a t e  t e m p e r a t u r e s  
a t  w h i c h  t h e  t o t a l  number  o f  e g g s  
l a i a  was  r e d u c e d  i n  o t h e r  
e x p e r i m e n t s  where  no  o p t i o n  b u t  
t o  o v i p o s i t  a t  t h e s e  t e m p e r a t u r e s  
was available..........................71 

Mean (n=2) +_ SD cf t h e  t o t a l  number 
o f  e g g s  l a i d  by Aedes  a e q y p t i  a t  
t h e  t w o  s i t e s  combined  when t h e  
l a r v a e  were r e a r e d  a t  v a r i o u s  w a t e r  
t e m p e r a t u r e s  a n d  a i r  t e m p e r a t u r e s  
were h e l d  a t  v a r i o u s  c o n s t a n t  
l e v e l s  d u r i n g  o v i p o s i t i o n .  Means 
f o l l o w e d  by t h e  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  
(Student-Newman-Keuls)....... .......... 74 



Mean (n=2)  5 SD of t h e  number o f  
e g g s  l a i d  a t  t w o  s i t e s  by A e d e s  
a e g y p t i  a t  t w o  s i tes  when g i v e n  a  
c h o i c e  b e t w e e n  water t e m p e r a t u r e s .  
Two r e a r i n g  t e m p e r a t u r e s  a n d  a i r  
t e m p e r a t u r e s  when o v i p o s i t i o n  was 
o c c u r r i n g  were used....................77 

P r o p o r t i o n  of t o t a l  number o f  e g g  
r a f t s  l a i d  b y  C u l e x  p i p i e n s  a t  two 
sites a t  v a r i o u s  c o n s t a n t  w a t e r  
t e m p e r a t u r e s . .  ........................ -79 
Mean p r o p o r t i o n  ( n = 2 ) ,  w l t h  90% C I ,  
of t h e  t o t a l  e g g  r a f t s  l a i d  by 
C u l e x  p i p i e n s  a t  two s i t e s  when 
g i v e n  a c h o i c e  b e t w e e n  w a t e r  
t e m p e  r a  t u r e  s. Means a n d  C I  were 
r e t r a n s f o r m e d  f r o m  a n  a r c s i n  s q u a r e  
r o o t  t r a n s f o r m a t i o n .  A n a l y s i s  
i n d i c a t e s  t h r e e  d i f f e r e n t  
(Student-Newman-Keuls)  

r e s p o n s e  g r o u p s :  I; w h e r e  more 
r a f t s  a r e  l a i d  a t  t h e  h i g h e r  
t e m p e r a t u r e ,  11; w h e r e  e q u a l  
n u m b e r s  a r e  l a i d  a t  the  two s i t e s  
a n d  111; w h e r e  more r a f t s  a r e  l a i d  
a t  t h e  I O W G ~  t e m p e r a t u r e .  H a t c h e d  
b a r s  d e s i g n a t e  t e m p e r a t u r e s  a t  
which  t h e  l a y i n g  o f  e g g  r a f t s  was 
r e d u c e d  i n  o t h e r  e x p e r i m e n t s  w h e r e  
no o p t i o n  b u t  t o  o v i p o s i t  a t  t h e s e  ........... t e m p e r a t u r e s  was a v a i l a b l e . .  8+l 

x i v  



GLOSSARY OF SPECIAL A B B R E V I A T I O N S  

C o n f i d e n c e  i n t e r v a l .  

T i m e  i n  d a y s  f o r  5 0 %  o f  t h e  males 
o r  50% of the females t o  e m e r g e .  
B a s e d  o n  t h o s a  s u r v i v i n g  t a  a d u l t .  

S a m p l e  s i z e .  

S t a n d a r d  d e v i a t i o n .  

S t a n d a r d  s r r o r .  

S e n s u  l a t o ,  i n  t h e  b r ~ a d  s e n s e ,  a s  when 
a  s p e c i e s  name i s  u s e d  i n  t h e  s e n s e  o f  
i n c l u d i n g  s u b s p e c i e s .  



I N T R O D U C T I O N  

L a r v a e  o f  d i f f e r e n t  s p e c i e s  o f  m o s q u i t o  a r e  f o u n d  

i n  s p e c i f i c  h a b i t a t s .  I t  was o n c e  t h o u g h t  t h a t  

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

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

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

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

c o r r e s p o n d  t o  t h e  e g g s  f o u n d  t h e r e  ( B a t e s ,  1 9 4 0 ) .  It 

seems more l i k e l y  t h a t  the r e s t r i c t i o n  o f  a  g i v e n  

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

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

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

s e l e c t i o n .  T h e r e  a r e  two g r o u p s  o f  t h e s e  (Bux ton  & 

H o p k i n s  1927, c i t e d  by W a l l i s  1 9 5 4 ) :  e x t r i n s i c  f a c t o r s  

s u c h  a s  l i g h t  a c d  d a r k n e s s ,  r a i n ,  wind,  l a n d i n g  p l a c e ;  

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

s u c h  a s  w a t e r  v a p o u r ,  t e m p e r a t u r e ,  ammonia, a l c o h o l ,  

s a l i n i t y ,  pH, d i s s o l v e d  o x y g e n ,  m i c r o o r g a n i s m s ,  a q u a t i c  

v e g e t a t i o n  ( A n g e r i l l i  1 9 7 7 ) ,  s o i l  m o i s t u r e  ( R u s s o  1977) 



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

1 9 7 1 ) .  

The  e f fec t  o f  t e m p e r a t u r e  o f  t h e  w a t e r  a t  t h e  

b r e e d i n g  s i t e  on  s i t e  s e l e c t i o n  h a s  n o t  b e e n  

i n t e n s i v e l y  s t u d i e d  u n d e r  c o n t r o l l e d  c o n d i t i o n s .  

H e c h t  (1930)  s t u d i e d  o v i p o s i t i o n  a n d  t e m p e r a t u r e  

i n  f o u r  s p e c i e s  b u t  water t e m p e r a t u r e s  were n o t  well 

c o n t r o l l e d  a n d  v a r i a t i o n s  be tween  1  a n d  7 C f o r  a n y  

p a r t i c u l a r  s i t e  were common. Ambient  a i r  t e m p e r a t u r e s  

d u r i n g  t h e  e x p e r i m e n t s  were n o t  s t a t e d .  H e  c o n c l u d e d  

t h a t  f e m a l e s  w i l l  s e lec t  a  s p e c i f i c  r a n g e  o f  

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

Sharma  a n d  Sen  (1921,  c i t e d  by H e c h t  1930)  showed 

( t a b l e  I) t h a t  d i f f e r e n t  s p e c i e s  h a d  d i f f e r e n t  p a t t e r n s  

o f  s e l e c t i o n .  

Thomson (1940)  , s t u d y i n g  A n o p h e l e s  min imus  

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

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



TABLE I 

~ v i p o s i t i o n  r e s p o n s e s  o f  v a r i o u s  
s p e c i e s  o f  m o s q u i t o e s  t o  w a t e r  

o f  v a r i o u s  t e m p e r a t u r e s .  *I 

number o f  e g g s  o r  e g g  
m a s s e s  l a i d  i n  w a t e r  

Hot Normal Coid*2 

C u l e x  p i  p i e n s  f a t i q a n s  (Wiedman) 
[=C. f a t i q a n s 7 * 3  

C u l e x  v i s h n u i  T h e o b a l d 4 4  
C u l e x  g e l i d u s  T h e o b a l d a 4  
C u l e x  s p .  ( y e l l o w )  
Aedes  a l b o p i c t u s  ( S k u s e )  

(=Steqomyia  a l b o p i c t a 7 * 3  
Aedes  a e g y p t i  L. [ = ~ t e q o m y i a  

suqensf*2 
A r m i q e r e s  o b t u r b a n s  (Walker )  44  
A n o p h e l e s  s u b p i c t u s  G r a s s i  

[= A, r o s s i f * 3  
C u l e x  c o n c o l o r  Edwards*4 

----------------------------------------- 
*1 T a b l e  fzom Sharma and Sen (1921)  c i t e d  f r o m  Hechf ( 1 9 3 0 ) .  

*2 Hot was 5-7 C a b o v e  n o r m a l ,  n o r m a l  was 23-35 C, and c o l d  
was 2-3 C b e l o w  n o r m a l .  

*3 U p d a t e d  names  f r o m  S t o n e  e_t a2. (1959)  a n d  G i l l e t t  ( 1 9 7 1 ) .  

*4 T h e  names  cf a u t h o r s  were n o t  g i v e n  i n  t h e  o r i g i n a l  
t a b l e s  a n d  were a d d e d  t o  t h i s  o n e  u s i n g  t h e  a b o v e  
r e f e r e n c e s .  



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

i n  s i t e  s e l e c t i o n  o f  t h e  g r a v i d  female. I n  l a b o r a t o r y  

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

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

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

S u r t e e s  (1967) f o u n d  t h a t  when A e d e s  a e q y p t i  (L.) 

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

f rom 26 t o  4 4  C n e a r l y  80% o f  t h e  e g g s  were l a i d  b e l o w  

30 C a n d  o n l y  0.2% a t  39 a n d  4 4  C. 

A c c o r d i n g  t o  C h r i s t o p h e r s  (1 960) s u r v i v a l  a t  

e x t r e m e  w a t e r  t e m p e r a t u r e s  may b e  s t u d i e d  i n  two ways: 

l e t h a l  l i m i t s  f o r  s h o r t  e x p o s u r e s  may b e  d e t e r m i n e d ;  o r  

t h 5  t e m p e r a t u r e  limits w i t h i n  w h i c h  t h e  s p e c i e s  c a n  

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

a s c e r t a i n e d .  

L e t h a l  limits cver s h o r t  e x p o s u r e s  v a r y  g r e a t l y  

w i t h  t h e  c o n d i t i o n s  o f  t h e  test. The e f fec t s  o f  h i g h  

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

o f  a c c l i m a t i z a t i o n  a t  l e s s  extreme t e m p e r a t u r e s  



( H e l l a n b y  1960)  . M e l l a n b y  u s e s  t h e  term 

a c c l i m a t i z a t i o n  f o r  t h i s  = o c e s s .  O t h e r  a u t h o r i t i e s  

( P r o s s e r  and Brown 1950) would c a l l  i t  a c c l i m a t i o n .  

D i f f e r e n t  i n s t a r s  may v a r y  i n  t h e i r  r e s p o n s e  t o  

t e m p e r a t u r e .  M a t u r e  e g g s  of A e .  a e g y p t i  were t h e  -- 

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

p u p a e  were more t o l e r a n t  t o  t e m p e r a t u r e  e x t r e m e s  t h a n  

o l d e r  p u p a e  i n  a  s t u d y  by Bar-Zeev ( 1 9 5 7 ) .  

E x p o s u r e  f o r  short p e r i o d s  d o e s  n o t  i n d i c a t e  t h e  

s u i t a b l i t y  of 2 p a r t i c u i a r  t e m p e r a t u r e  f o r  g r o w t h  a n d  

d e v e l o p m e n t .  A p a r t i a l  m e a s u r e  o f  t h i s  would b e  t h e  

p e r c e n t a g e  s u r v i v a l ,  f rom l a r v a  t o  imago a t  a 

p a r t i c u l a r  t e m p e r a t u r e .  

Optimum s u r v i v a i  t e m p e r a t u r e  h a s  b e e n  dafined a s  

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

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

( B l u n c k  1 9 2 4 ,  c i t e d  by  B r u s t  1967)  . B a t e s  (1 949) 

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

s p e c i e s  of m o s q u i t o  c o u l d  be c o n s i d e r e d  t o  i n c l u d e  a  

l o w e r  f a t a l  l i m i t ,  a z o n e  o f  u n f a v o u r a b l e  l o w  



t e m p e r a t u r e s ,  a  z o n e  ~f f a v o u r a b l e  t e m p e r a t u r e s ,  a  zone  

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

l i m i t  ( t h e r m a l  d e a t h  p o i n t )  . T h e s e  d e f i n i t i o n s  were 

d e s i g n e d  t o  a v o i d  t h e  word optimum. The " t r u e  optimumv 

t e m p e r a t u r e  f o r  a s p e c i e s  would b e  a l m o s t  i m p c s s i b l e  t o  

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

make t o  d e t e r m i n e  t h e  nopt imumv a r e  o f t e n  i n a d e q u a t e ,  

s o  t h e  word m u s t  b e  u s e d  w i t h  care a n d  t h e  c r i t e r i a  

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

The i n f l u e n c e  o f  t e m p e r a t u r e  on g r o w t h  h a s  been  

i n v e s t i g a t e d  i n  many s p e c i e s  of i n s e c t s ,  a n d  g a i n  i n  

w e i g h t  h a s  b e e n  shown t o  v a r y  i n v e r s e l y  w i t h  r e a r i n g  

t e m p e r a t u r e  by many w o r k e r s  ( v a n  d e n  H e u v e l  1 9 6 3 ) .  

M a r t i n i  (1 9 2 3 ,  c i t e d  by C h r i s t o p h e r s  1960)  n o t e d  

t h a t  m o s g u i t c  l a r v a e  s u b j e c t e d  t o  warm t e m p e r a t u r e s  

p r o d u c e d  smaller a d u l t s  t h a n  t h o s e  p r o d u c e d  a t  c o o l e r  

t e m p e r a t u r e s .  T h i s  e f f e c t  may b e  t h e  d i r e c t  r e s u l t  o f  

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

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

s u p p l y ,  e. g. t e m p e r a t u r e  may a f f ec t  t h e  growkh o f  



m i c r o o r g a n i s m s  t h a t  s e r v e  a s  f o o d  ( R o b e r r s  a n d  Hsi 

1 9 7 7 ) .  T h i s  e f fec t  i s  commonly s e e n  i n  n a t u r e  i n  

s p e c i e s  o f  A n o p h e l e s  ( C h r i s t o p h e r s  1 9 6 0 ) ,  a n d  a l s o  i n  

A e .  a e g y p t i  a s  s p e c i m e n s  b r e d  a t  l o w e r  t e m p e r a t u r e s  a r e  - 
l a r g e r  t h a n  t h o s e  b r e d  a t  h i g h e r  t e m p e r a t u r e s  

( C h r i s t o p h e r s  1 9 6 0 ;  C o s t e l l o  1974)  . K u r i h a r a  (1963)  

f o u n d  t h a t  wing l e n g t h s  o f  a d u l t  C .  p i p i e n s  s.1. were - 
l a r g e s t  i n  t h o s e  b r e d  a t  l o w  t e m p e r a t u r e s  a n d  became 

s m a l l e r  w i t h  i n c r e a s e d  t e m p e r a t u r e .  

T h e r e  a r e  many ways t o  m e a s u r e  s i z e .  Weight  c a n  

b e  u s e d  a s  l o n g  a s  t h e  c o n d i t i o n  of t h e  i n s e c t  is 

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

c o n d i t i o n ,  a g e  a n d  w a t e r  u p t a k e  ( C h r i s t o p h e r s  1 9 6 0 ) .  A 

l i n e a r  m e a s u r e  is u s e f u l  t c  d e s c r i b e  s i z e .  

C h r i s t o p h e r s  (1960)  f o u n d  a  c o r r e l a t i o n  b e t w e e n  w e i g h t  

a n d  wing  l e n g t h .  Wet o r  f r e s h  w e i g h t s  a n d  w i n g  l e n g t h s  

g i v e  a s a t i s f a c t o y  i n d e x  o f  s i z e  f o r  c o m p a r i s o n s  

b e t w e e n  s p e c i e s  a n d  t e m p e r a t u r e s .  

A l t h o u g h  s i z e  d e c r e a s e s  w i t h  i n c r e a s i n g  

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



s p e c i e s  o f  m o s q u i t o  ( C h r i s t o p h e r s  1960;  K u r i h a r a  1963; 

B r u s t  1 9 6 7 ) .  The  ra te  o f  p o s t e m b r y o n i c  g r o w t h  f c l l o w s  

a n  S - s h a p e d  c u r v e .  Below a  d e v e l o p m e n t a l  t h r e s h o l d  n o  

g r o w t h  o c c u r s ,  a b o v e  t h e  t h r e s h o l d  t h e  r a t e  of g r o w t h  

i n c r e a s e s  w i t h  i n c r e a s i n g  t e m p e r a t u r e ,  r e a c h i n g  a  

maximum a t  t h e  s o  c a l l e d  "optimum t e m p e r a t u r e n  a b o v e  

which  it d e c l i n ~ s  ( C l e m e n t s  1 9 6 3 ) .  T h i s  i s  

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

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

B i u n c k l  s (1924)  d e f i n i t i o n  d o e s .  

C o l l e s s  a n d  C h e l l a p a h  (1960) f o u n d  t h a t  a d i r e c t  

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

c o u l d  b e  d e m o n s t r a t e d  when &. a e g y p t i  l a r v a e  were 

s t a r v e d .  The  l a r g e r  t h e  a d u l t  t h e  g r e a t e r  t h e  e g g  

p r o d u c t i o n .  E x t r e m e  t e m p e r a t u r e s  may a l s o  a f fec t  e g g  

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

p r o d u c e d  by r e a r i n g  a t  v a r i o u s  c o n s t a n t  t e m p e r a t u r e s .  

T W O  s p e c i e s  of m o s q u i t o  were u s e d  i n  t h i s  s t u d y :  

Ae. a e g y p t i  a n d  C. p i p i e n s .  A e .  a e g y p t i  is f o u n d  - 

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



o f  t h e  w o r l d  ( C a r p e n t e r  a n d  L a C a s s e  1 9 5 5 ) .  Eggs  a r e  

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

t h e  w a t e r  l e v e l  o r  on t h e  s u r f a c e  o f  t h e  w a t e r .  L a r v a e  

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

p o o l s  i n  t h e  U n i t e d  S t a t e s  and  A f r i c a  ( C a r p e n t e r  a n d  

L a C a s s e  1 9 5 5 )  b u t  are r a r e l y  f o n d  f a r  from human 

h a b i t a t i o ~ s .  A q u i e s c e n t  p e r i o d  may b e  p a s s e d  i n  t h e  

e g g  s t a g e  h o w e v e r ,  b r e e d i n g  is  u s u a l l y  c o n t i n u o u s  

t h r o u g h c u t  t h e  y e a r  i n  warmer c l i m a t e s .  

C. - p i p i e n s  is a  c o s m o p o l i t a n  s p e c e s ,  which ,  w i t h  

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

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

n o r t h  a n d  s o u t h  ( G i l l e t t  1 9 5 5 ) .  The  v a r i e t y  u s e d  i n  

t h i s  s t u d y  was c o l l e c t e d  in a  t e m p e r a t e  r e g i o n  s o  i t s  

r e s p o n s e  t o  t e m p e r a t u r e  s h o u l d  d i f f e r  f r o m  A e .  a e g y p t i .  - 
C. - p i p l e n s  l a y s  i t s  e g g s  i n  r a f t s  a t  t h e  s u r f a c e  of t h e  

w a t e r .  L a r v a e  are  f o u n d  i n  f o u l  water i n  r a i n  b a r r e l s ,  

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

s i m i l a r  h a b i t a t s  ( C a r p e n t e r  a n d  L a C a s s e  1 9 5 5 ) .  A d u l t  

f e m a l e s  p a s s  t h e  w i n t e r  h i b e r n a t i n g  i n  warm p l a c e s  

w h i c h  a f f o r d  p r o t e c t i o n  f r o m  t h e  c o l d .  



T h e  p u r p o s e  o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  th i !  

effects  O f  w z t e r  t e m p e r a t u r e  on  v a r i o u s  a s p e c t s  o f  t h e  

l i f e  c y c l e  o f  Ae. - a e g y p t i  and  C .  p i p i e n s .  The a s p e c t s  - 

s t u d i e d  were: 

A )  The effects o f  w a t e r  t e m p e r a t u r e  upon s u r v i v a l  a n d  

d e v e l o p m e n t  time of t h e  i m m a t u r e  i n s t a r s  a n d  s i z e  of  t h e  

imago.  

B) The effects of  t e m p e r a t u r e  o f  r e a r i n g  upon t h e  

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

C )  The  e f fec ts  o f  w a t e r  t e m p e r a t u r e  o n  o v i p o s i t i o n  

s i t e  s e i e c t i c n .  

I n  t h e  summary a n d  c o n c l u s i o n s  s e c t i o n  t h e  

o v i p o s i t i o n  b e h a v i o u r  of t h e  t w o  s p e c i e s  I n  r e s p o n s e  t o  

w a t e r  t e m p e r a t u r e  was compared  w i t h  o t h e r  a s p e c t s  of 

t h e  l i f e  c y c l e  w h i c h  were s t u d i e d .  



GENERAL METHODS A N D  MATERIALS 

A )  R e a r i n g  T e c h n i q u e s  

1 )  Aedes  a e g y p t i  

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

h a s  b e e n  m a i n t a i n e d  a t  Simon F r a s e r  U n i v e r s i t y  s i n c e  

1966. The  a i r  t e m p e r a t u r e s  i n  t h e  r e a r i n g  room o f  t h e  

main c o l o n y  were h e l d  t o  a  minimum of 20 C a n d  u p p e r  

e x t r e m e s  i n  t h e  summer may r e a c h  30  to 32 C. 

T h e  e g g s  were h a t c h e d  a t  room t e m p e r a t u r e  ( 2 0  i 2 

C )  a n d  t h e  l a ~ v a e  r e a r e d  i n  2000 m l  o f  d l s t i l i e d  water 

i n   whit^ e n a m e l  t r a y s  40 by 25 by 4.5 cm d e e p .  L a r v a l  

d e n s i t y  v a r i e d  f rom 0 .3  t o  0.6 l a r v a e  p e r  cm3. 

F i n e l y - g r o u n d  T e t r a H i ~ !  (made b y  T e t r a - B e r k e ,  Melle) was 

p r o v i d e d  d a i l y  a s  f o o d  a n d  d r i e d  b r e w g r s  y e a s t  was  

p r o v i d e d  4 d a y s  a f t e r  h a t c h i n g .  Y e a s t  p r o v i d e d  n u t r i e n t s  

which  a r e  n o t  p r o v i d e d  i n  t h e  T e t r a m i n .  Q u a n t i t i e s  of 

f o o d  f o l l o w e d  G ~ r b e r g ' s  (1970) s c h e d u l e  ( t a b l e  11, 



TABLE I1 

R e g u l a r  a n d  e x c e s s  (125% o f  r e g u l a r )  f e e d i n g  
s c h e d u l e s  f o r  A e d e s  a e g y p t i  a n d  C u l e x  p i p i e n s  l a r v a e  

r e a r e d  a t  v a r i o u s  c o n s t a n t  t e m p e r a t u r e s .  Food was 
g r o u n d  T e t r a M i n .  

Aedes a e g y p t i  

R e g u l a r  E x c e s s  

Day 09 0 .2  mg p e r  l a r v a  Day O* 0 .25  mg p e r  l a r v a  
Day 1 0.2 Day 1 0 .25 
Day 2  0 . 3  Day 2  0 .38  
Day 3 0.4 Day 3 0 . 5  
Day 4 on 0 .6  Day 4  o n  0.75 

On Day 3 a n d  e v e r y  7  d a y s  On Day 3 a n d  e v e r y  7  d a y s  
a f t e r  t h i s - - , 0 0 4 5  mg p e r  a f t e r  t h i s - - 0 0 6  mg p e r  
l a r v a  o f  b r e w e r s  y e a s t .  l a r v a  of b r e w e r s  y e a s t .  

C u l e x  p i p i e n s  
P 

R e g u l a r  E x c e s s  

Day O* 0 . 1 5  mg p e r  i a r v a  
Day 1 0 .25  
Day 2  0 . 2 5  
Day 3  0 .3  
Day 4 0 . 3  
Day 5  0.4 
Day 6 0 . 5  
Day 7 on 0.7 

Day O* 0.19 mg p e r  l a r v a  
Day 1 0.31 
Day 2  0.3 1  
Day 3 0.38 
Day 4  0.38 
Day 5 0 . 5  
Day 6  0.63 
Day 7 o n  0 - 8 8  

On Day 3 a n d  e v e r y  7  d a y s  On Day 3 a n d  e v e r y  7  d a y s  
a f te r  t h i s - -  - 0 0 4 5  mg p e r  a f t e r  t h i s - - . 0 0 6  mg p e r  
l a r v a  of  d r i e d  b a k e r s  y e a s t .  l a r v a  of d r i e d  b a k e r s  y e a s t .  



r e g u l a r ) .  T e t r a M i n  was u s e d  r a t h e r  t h a n  g r o u n d  d o g  

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

o f  scum o n  t h e  s u r f a c e  o f  t h e  w a t e r  I n  t h e  r e a r i n g  

t r a y s .  

P u p a e  were s e x e d  by s i z e  a n d  p l a c e d  i n  s e p a r a t e  

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

f e m a l e s  a v a i l a b l e  f o r  e x p e r i m e n t a t i o n  was known. 

A d u l t  e m e r g e n c e  a n d  m a i n t e n a n c e  c a g e s  were 18 by 

1 2  b y  16 cm h i g h .  T h e  f r o n t  h a d  a  c l e a r  s l i d i n g  

P e r s p e x  d o o r  w i t h  a  c e n t r a l  h o l e  f i t t e d  w i t h  a # 3  

r u b b e r  s t o p p e r .  T h e  b a c k  was n y l o n  mesh. T h e  b o t t o m ,  

t o p  a n d  o t h e r  t w o  s i d e s  ( 1 6  by 12  cm) were wood. 

A d u l t s  were f e d  by s c a k i n g  a b s o r b e n t  c o t t o n  r o l l s  

i n  a  1 0  p e r c e n t  s u c r o s e  s o l u t i o n .  R e l a t i v e  h u m i d i t y  

was m a i n t a i n e d  a t  60 t o  6 5  p e r c e n t  by  p a r t i a l l y  

i m m e r s i n g  a p a p e r  t o w e l  w i c k  i n  a  b e a k e r  o f  water. 

C o s t e l l o  (1974)  u s e d  t h i s  method t o  m a i n t a i n  a d u l t s  a n d  

f o u n d  t h e y  c o u l d  be k e p t  a l i v e  a n d  i n  a p p a r e n t  good 

h e a l t h  f o r  u p  t o  s i x  weeks .  A d u l t s  were removed with 



a n  a s p i r a t o r  when n e e d e d .  P h o t o p e r i o d  f o l l o w e d  t h e  

l i g h t  r e g i m e  of t h e  n o r m a l  work d a y  a n d  t h a t  p r o v i d e d  

n a t u r a l l y  f r o m  t h e  windows.  

2 )  C u l e x  p i p i e n s  

A c o l o n y  was s t a r t e d  i n  S e p t e m b e r ,  1 9 7 5 ,  by 

o b t a i n i n g  egg r a f t s  f r o m  a  c o l o n y  m a i n t a i n e d  a t  Simon 

F r a s e r  U n i v e r s i t y  s i n c e  J u l y ,  1 9 7 4 .  The c o l o n y  was  

s t a r t e d  from l a r v a e  c o l l e c t e d  i n  Richmond, B. C. 

( A n g e r i l l i  1 9 7 7 )  . 

M o s q u i t o e s  were r e a r e d  c o n t i n u o u s l y  a s  d e s c r i b e d  

by M c L i n t o c k  (1960)  i n  two c a g e s .  A l l  s t a g e s  were k e p t  

i n  e a c h  cage,  5 0  by 50 by 90 cm h i g h ,  w i t h  a wooden 

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

h a v i n g  a  2 3  cm d i a m e t e r  h o l e  i n  t h e  c e n t e r  f i t t e d  w i t h  

a  s l e e v e .  The  c a g e  had  a  wooden b c t t o m ,  a n d  s i d e s  a n d  

t o p  o f  n y l o n  mesh. The c a g e  was l a r g e  e n o u g h  t o  

p r o v i d e  s p a c e  f o r  swarming .  



L a r v a e  a n d  p u p a e  d e v e l o p e d  i n  w h i t e  e n a m e l  t r a y s ,  

4 0  b y  25 by 4.5 cm d e e p ,  p l a c e d  i n  t h e  b o t t o m  o f  t h e  

c a g e s .  A w a t e r  d e p t h  o f  3-5 cm was  m a i n t a i n e d .  A i r  

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

b u i l d - u p  o f  scum. 400 rng o f  g r o u n d  T e t r a M i n  and 50 mg 

o f  g r o u n d  F l e i s h m a n n l s  d r y  a c t i v e  b a k e r ' s  y e a s t  were 

a d d e d  t h r e e  times a  week. 

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

c a g e  o v e r n i g h t  o n c e  a  week f o r  b l o o d  m e a l s .  A 1 0  

p e r c e n t  s u c r o s e  s o l u t i o n  i n  a  250 m l  E r l e n m e y e r  f l a s k  

s t o p p e r e d  w i t h  3 c o t t o n  w i c k s  was a l w a y s  a v a i l a b l s  a s  a  

s o u r c e  of f o o d .  

The t w o  c a g e s  were m a i n t a i n e d  a t  room t e m p e r a t u r e  

a n d  l l l u m i r a t e d  by t w o  4 0 - w a t t  b u l b s  f o r  1 6  h o u r s  e a c h  

day.  The  rest o f  t h e  room was lit by f l u o r e s c e n t  

l i g h t s  which were o n  f o r  1 0  t o  1 2  h o u r s  o f  t h e  a b o v e  16 

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

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

were p r o d u c e d .  



When a d u l t  C. p i p i e n s  were n e e d e d  f o r  e x p e r i m e n t s ,  - 
e g g  r a f t s  were removed f r o m  t h e  main  c o l o n i e s  a n d  

l a r v a e  r e a r e d  f o l l o w i n g  the same p r o c e d u r e  a s  f o r  Ae. - 
a e g y p t i  e x c e p t  f o r  a d i f f e r e n t  f e e d i n g  s c h e d u l e  ( t a b l e  

11, r e g u l a r )  t a k e r ,  frcm G e r b e r g ,  H o p k i n s ,  a n d  G e c t r y  

(1969)  . 

B) S t a t i s t i c a l  A n a l y s e s  

E x c e p t  when s t a t e d  o t h e r w i s e ,  mean v a l u e s  a r e  

r e p o r t e d  ir- t h e  text p l u s  o r  m i n u s  o n e  s ~ a n d a r d  e r r o r  

(SE) w i t h  t h e  number  of cases, n, i n  b r a c k e t s ,  when n  

v a r i e s  f o r  t h e  means r e p o r t e d .  I n  t h e  f i g u r e s ,  mean 

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

(SD) 

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

s i g n i f i c a n c e  of t h e  e f f ec t  o f  t r e a t m e n t s  a n d  t h e  

i c t e r a c t i o n s  b e t w e e n  them.  Student-Newman-Keuls  

m u l t i p l e  r a n g e  tes ts  were u s e d  t o  d e t e r m i n e  which  means 

were s i g n i f i c a n t l y  d i f f e r e n t  ( S o k a l  & R o h l f  1969 ;  Nie 

e t  a l .  1975)  . - - 



~ e g r e s s i o r ?  a n a l y s e s  were u s e d  when e f f e c t s  

a p p e a r e d  t o  be l i n e a r l y  r e l a t e d  t o  t r e a t m e n t s .  

S i g n i f i c a n c e  o f  t h e  f i t  o f  t h e  l i n e  was t e s t e d  u s i n g  an 

F - t e s t .  S l o p e s  o f  l i n e s  were t e s t e d  t o  d e t e r m i n e  i f  

t h e y  were s i g n i f i c a n t l y  d i f f e r e n t  f rom z e r o  by 

c a l c u l a t i n g  95 p e r c e n t  c o n f i d e n c e  l i m i t s  a n d  s e e i n g  i f  

z e r o  was i ~ c l u d e d  ( G o l d s t e i n  1 9 6 4 )  . S l o p e s  o f  two  

l i n e s  were c o m p a r e d  u s i n g  m o d i f i e d  T - t e s t s  ( Z a r  1974)  . 

T e s t s  were c o n s i d e r e d  s i g n i f i c a n t  when p  S 0 . 0 5  

a n d  h i g h l y  s i g n i f i c a n t  when p  I 0.01. The n u l l  

h y p o t h e s i s  c a n  b e  a c c e p t e d  when p 2 0.50,  i n  a n a l y s i s  

o f  v a r i a n c e .  It is i m p o r t a n t  t o  remember t h a t  t o  

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

t r u e .  It is o n l y  a s t a t e m e n t  t h a t  t h e r e  is  n o t  

s u f f i c i e n t  e v i d e n c e  t o  c o n c l u d e  t h a t  it i s  f a l s e  ( Z a r  

1 9 7 4 ) .  

The o n l y  t r a n s f o r m a t i o n  u s e d  was a n  a r c s i n  s q u a r e  

r o o t  t r a n s f o r m a t i c n  which i s  u s e d  t o  n o r m a l i z e  d a t a  

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



1 9 6 9 ) .  Means f rom t r a n s f o r m e d  d a t a  were r e t r a n s f o r m e d  

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

text. C o n f i d e n c e  i n t e r v a l s  ( C I ) ,  a l s o  r e t r a n s f o r m e d ,  

a r e  r e p o r t e d  on a  t ab le  o r  g raph  a s  t h e  t r a n s f o r m a t i o n s  

used were n o n l F n e a r  (Soka l  & Rohl f  1969)  . These 

c o n f i d e n c e  limits a r e  a s y m m e t r i c a l ,  s o  t r a n s f o r m i n g  S E  

o r  SD t o  t h e  o r i g i n a l  s c a l e  would b e  m i s l e a d i n g  (Soka l  

G Rohlf  1 9 6 9 ) .  



PART I 

EFFECTS OP DIFFERENT CONSTANT TEMPERATURES OF 

REARING OF AEDES AEGYPTI A N D  CULEX PIPIENS ON THE 

SIZE OF ADULT, SURVIVAL T O  I M A G O ,  A N D  RATE OF 

DEVELOPHENT. 

T h i s  s t u d y  was c o c d u c t e d  t o  d e t e r m i n e  t h e  

s u i t a b i l i t y  of v a r i o u s  c o n s t a n t  water t e m p e r a t u r e s  f o r  

s u r v i v a l  of  A e .  a e g y p t i  a n d  C. p i p i s n s .  S u r v i v a l  from - .  - 
f i rs t  i n s t a r  l a r v a  t o  i m a g o  was m e a s u r e d .  D e v e l o p m e n t  

t i m s  a n d  s i z e  o f  t h e  i m a g o ,  a s  m e a s u r e d  b y  w e i g h t s  a n d  

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

measure of t h e  o t h e r  e f f ec t s  t h a t  r e a r i n g  t e m p e r a t u r e s  

h a v e  o n  t h e  l i f e  c y c l e  o f  e a c h  s p e c i e s  of  m o s q u i t o .  

H e t h o d s  a n d  Materials  

On t h e  f i rst  d a y  o f  a n  e x p e r i m e n t  e q g s  were 

h a t c h e d  a t  rocm t e m p e r a t u r e  a n d  t h e  l a r v a e  s e p a r a t e d  

i n t o  g r o u p s  of 50. Four  r e p l i c a t e s  were d o n e  f o r  e a c h  

s p e c i e s  a t  e a c h  t e m p e r a t u r e .  



The  l a r v a e  were p l a c e d  i n  2 0 0  m i  o f  d i s t i l l e d  

water a t  room t e m p e r a t u r e  i n  a  g l a s s  f i n g e r  bowl ,  10 cm 

i n  d i a m e t e r  a n d  4 cm d e e p .  The b o w l s  were t h e n  p u t  

i n t o  i n c u b a t o 2 s  s e t  a t  1 0  d i f f e r e n t  t e m p e r a t u r e s  

r a n g i n g  f r o m  10  t o  40 C, T h e  w a t e r  l e v e l  was 

m a i n t a i n e d  b y  t h e  a d d i t i o n  o f  water e a c h  day.  

The number o f  l i v i n g  l a r v a e  was e s t i m a t e d  e z c h  day 

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

s c h e d u l e s  d e s c r i b e d  e a r l i e r  ( t a b l e  11, e x c e s s ) .  Food 

was s u p p l i e d  i n  e x c e s s  t o  e l i m i n a t e  it a s  a  l i m i t i n g  

f a c t o r .  Yeast was a d d e d  on  Day 3 a n d  e v e r y  7 d a y s  

t h e r e a f t e r  u n t i l  p u p a t i o n  was c o m p l e t e .  

On Day 6 a n d  e v e r y  7 d a y s  t h e r e a f t e r  t h e  number  of  

l i v i n g  l a r v a e  was  a c c u r a t e l y  d e t e r m i n e d  a s  t h e y  were 

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

w a t e r  a t  t h e  a p p r o p r i a t e  t e m p e r a t u r e .  T h i s  a l s o  h e l p e d  

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

on  t h e  s u r f a c e  of t h e  water. 



When p u p a t i o n  b e g a n ,  e a c h  b o w l  was p l a c e d  i n  a  

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

A d u l t s  were removed d a i l y  w i t h  a n  a s p i r a t o r  a n d  p l a c e d  

i n  v i a l s ,  4 .5  cm by 1.5 cm i n  d i a m e t e r ,  s t o p p e r e d  w i t h  

c o t t o n  p l u g s .  /The a d u l t s  were p r e s e r v e d  b y  f r e e z i n g  

a n d  were s e x e d ,  c o u n t e d ,  and  had  t h e i r  w e i g h t s  a n d  wing 

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

S u r v i v a l  was r e c o r d e d  a s  a  p r o p o r t i o n  of t h o s e  

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

a n  a r c s i n  s q u a r e  r o o t  t r a n s f o r m a t i o n  b e f o r e  b e i n g  

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

oneway a n a l y s i s  o f  v a r i a n c e  a n d  Student-Newman-Keuls  

t e s t  were u s e d .  

W e i g h t s  were x e c o r d s d  i n  m i l l i g r a m s  and  wing 

l e n g t h s  i n  millimeters. Wing l e n g t h s  were m e a s u r e d  

f r o m  t h e  t i p ,  e x c l u d i n g  t h e  f r i n g e ,  t o  t h e  b e n d  i n  t h e  

t r a i l i n g  e d g e  o f  t h e  d i s t a l  e n d  o f  t h e  a l u l a  (var, den  

H a u v e l  1 9 6 3 )  . Size  o f  females a n d  males was a n a l y z e d  

s e p a r a t e l y  a s  t h e  ma le  i s  g e n e r a l l y  s m a l l e r  t h a c  t h e  

f e m a l e  ( C h r i s t o p h e r s  1 9 6 0 ) .  F o r  e a c h  s p e c i e s  a n d  s e x  



a n  a n a l y s i s  o f  v a r i a n c e  was d o n e  and  a  r e g r e s s i o n  

a n a l y s i s  a p p l i e d .  

� he time f o r  50% of t h e  males a n d  50% of  t h e  

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

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

c u m u l a t i v e  e m e r g e n c e .  T h i s  i s  r e f e r r e d  t o  a s  a n  ET50. 



R e s u l t s  

A )  S i z e  

T h e  s i z e  o f  a d u l t s ,  a s  m e a s u r e d  by w e i g h t s  a n d  

wing l e n g t h s ,  d e c r e a s e d  w i t h  i n c r e a s e d  l a r v a l  r e a r i n g  

t e m p e r a t u r e  f o r  b o t h  s p e c i e s  of m o s q u i t o .  

T e m p e r a t u r e  a n d  s e x  i n f l u e n c e d  b o t h  w e i g h t  artd 

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

v a r i a n c e  p S 0  - 0 1 )  . M e a s u r e m e n t s  of m a l e s  a n d  f e m a l e s  

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

a ~ d  t h e  same tests  o f  s i g n i f i c a n c e  were u s e d  f o r  a l l  

f o u r  s e t s  of  d a t a .  

The  r e g r e s s i o n  l i n e  f o r  w e i g h t s  o f  Ae. a e g y p t i  f e m a l e s  - 

h a d  t h e  e q u a t i o n  y = - 0 . 1 2 5 ~  + 5.08 ( f i g .  1 )  w h i l e  t h e  

o n e  f o r  m a l e s  h a d  t h e  e q u a t i o n  y  = - 0 . 0 6 ~  + 2.48 ( f i g .  1) 

d i f f e r e n t  ( T - t e s t )  . 



F i g .  1 Mean weights + o n e  SD o f  a d u l t  "- A e .  
a e g y p t i  r e a r e d  a t  d i f  f e r e n z  
t e m p e r a t u r e s .  The number o f  
m o s q u i t o e s  m e a s u r e d  (n )  i s  a l o n g  
s i d e  e a c h  p o i n t .  R e g r e s s i o n  l i n e s  
h a v e  b e e n  p l o t t e d ,  a n d  t h e  
e q u a t i o n s  a r e  on  t h e  g r a p h .  



Temperature C 



The r e g r e s s i o n  l i n e  f o r  wing l e n g t h s  of &. a e g y p t i  

f e m a l e s  h a d  t h e  e q u a t i o n  y = - 0 . 0 6 ~  + 5.09 ( f i g .  2 )  

w h e r e a s  t h e  one  f o r  m a l e s  h a d  t h e  e q u a t i o n  y  = - 0 . 0 4 ~  + 

3 . 8 4  ( f i g .  2 )  . B o t h  r e l a t i o n s h i p s  were s i g n i f i c a n t .  

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

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

d i f f e r e n t .  

T h e  r e g r e s s i o n  l i n e  f o r  w e i g h t s  of C .  p i p i e n s  f e m a l e s  - 
h a d  t h e  e q u a t i o ~  y = - 0 . 0 1 8 ~  + 1 . 5 5  ( f i g .  3) w h e r e a s  

t h e  o n e  f o r  males h a d  t h e  e q u a t i o n  y  = - 0 . 0 1 6 ~  + 1.01 

( f i g .  3 ) .  B o t h  r e l a t i o n s h i p s  were s i g n i f i c a n t .  The 

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

s l o p e s  f o r  males a n d  f e m a l e s  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t .  

The r e g r e s s i o n  l i n e  f o r  wing l e n g t h s  o f  C. p i p i e n s  - 
f e m a l e s  h a d  t h e  e q u a t i o n  y  = - 0 . 0 4 5 ~  + 5.02 ( f i g .  4) 

w h i l e  t h e  o n e  f o r  m a l e s  h a d  t h e  e q u a t i o n  y = - 0 . 0 4 6 ~  + 

4.8 ( f i g .  4 ) .  B o t h  r e l a t i o n s h i p s  were s i g n i f i c a n t .  

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



F i g .  2 Mean w i n g  l e n g t h s  + o n e  SD of a d u l t  e. a e g y p t i  r e a r e d  a t  d i f f e r e n t  
t e m p e r a t u r e s .  The number o f  
m o s q u i t o e s  m e a s u r e d  (n )  i s  a l o n q  
s i d e  e a c h  p o i n t .  R e g r e s s i o n  l i n e s  
h a v e  b e e n  p l o t t e d ,  a n d  t h e  
e q u a t i o n s  a r e  on t h e  g r a p h .  
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Fig. 3 Mean w e i g h t s  + o n e  S D  of a d u l t  C. 
p i p i e n s  r e a r e d  a t  d i f f e r e n t  
t e m p e r a t u r e s .  The number o f  
m o s q u i t o e s  m e a s u r e d  (n)  i s  a l o n g  
s i d e  e a c h  p o i n t .  R e g r e s s i o n  l i n e s  
h a v e  b e e n  p l o t t e d ,  a n d  t h e  
e q u a t i o n s  are  on  t h e  g r a p h .  
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t h e  s l o p e s  f o r  f e m a l e s  a n d  m a l e s  were n o t  s i g n i f i c a n t l y  

d i  f f e r  e n t  . 

B) S u r v i v a l  

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

wide  r a n g e  o f  t e m p e r a t u r e s .  A e .  a e g y p t i  s u r v i v e d  a t  - 

t e m p e r a t u r e s  r a n g i n g  f r o m  1 5  t o  3 7 . 5  C ( f i g .  5 )  w h i l e  

C. - p i p i e r s  s u r v i v e d  a t  t e m p e r a t u r e s  r a n g i n g  f r o m  1 0  t o  

35 C ( f i g .  6 ) .  

The s u r v i v a l  o f  Ae. a e g y p t i  was  d e p r e s s e d  a t  15 - 

a n d  37.5  C w i t h  a  mean p r o p o r t i o n  o f  - 4 1  ( f i g  5) 

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

d a t a ) .  Between 20 a n d  3 5  C s u r v i v a l  was h i g h  w i t h  t h e  

mean p r o p o r t i o n  s u r v i v i n g  r a n g i n g  f rom .85 t o  .96  ( f i g .  

5) . o v e r  t h i s  r a n g e  o f  t e m p e r a t u r e s  t h e  d i f f e r e n c e s  i n  

s u r v i v a l  were n o t  s i g n i f i c a n t  (Student-Newman-Keuls)  . 

The s u r v i v a l  o f  c. p i p i e n s  was d e p r e s s e d  a t  1 0  a n d  - 
3 5  C w i t h  mean p r o p o r t i o n s  of  0 .007 a n d  . I 4  s u r v i v i n g  

r e s p e c t i v e l y  ( f i g .  6 ,  see a p p e n d i x  B f o r  raw d a t a ) .  



F i g .  5 S u r v i v a l  t o  i m a g o  o f  A e d e s  a e g y p t i  
a t  v a r i o u s  c o n s t a n t  t e m p e r a t u r e s .  
Means @=4) a n d  9 5 %  C I  were 
r e t r a n s f o r m e d  f r o m  a n  a r c s i n  s q u a r e  
r o o t  t r a n s • ’  orma t i o n .  Means 
f o l l o w e d  by t h e  same l e t t e r  a r e  n o t  
s i g o i f  i c a n t l y  d i f f e r e n t  
(Student-Newman-Keuls)  . 



Temperature 



Fig. 6 S u r v i v a l  t o  i m a g o  o f  C u l e x  p i p i e n s  
a t  v a r i o u s  c o n s t a n t  t e m p e r a t u r e s .  
Means (n=4) a n d  95% C I  were 
r e t r a n s f  ormed from a n  a r c s i n  s q u a r e  
r o o t  t r a n s f o r m a t i o n .  Means 
f o l l o w e d  b y  t h e  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  
(Student-Newman-Keuls)  . 

ill 



Temperature 



The  mean p r o p o r t i o n  s u r v i v i n g  a t  12.5, 15, 25 ,  3 0  and 

32.5  C r a n g e d  f r o m  . 5 9  t o  .86. Maximum s u r v i v a l  was 

o b s e r v e d  a t  20 C w h e r e  a n  a v e r a g e  o f  .99 s u r v i v e d .  

S u r v i v a l  a t  20 C was s i g n i f i c a n t l y  different f rom 

s u r v i v a l  a t  a l l  o t h e r  tem ~ e r a t u r e s  

(Student-Newman-Keuls)  . 

C )  D e v e l o p m e n t  Time 

The time t a k e n  f o r  5 0 %  e m e r g e n c e  (EI150) f o r  m a l e s  

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

t e m p e r a t u r e s  f o r  b o t h  s p e c i e s  o f  m o s q u i t o  ( t a b l e s  111 & 

I V )  . Each  ET50 was  c a l c u l a t e d  from t h o s e  s u r v i v i n g ,  

o u t  o f  5 0 ,  t o  a d u l t  i n  e a c h  of f o u r  r e p l i c a t e s .  

The mean ET50 f o r  As. - a e g y p t i  f e m a l e s  a t  1 5  C was 

2 8 . 0  f 0.52 d a y s  a n d  a t  3 7 . 5  C was 6.1 + 0.11 d a y s .  

Hales t o o k  27 .7  a 0 . 7 5  d a y s  a t  15 C a n d  5 .9  i 0.17 d a y s  

a t  3 7 . 5  C.  

T h e  mean ET50 f o r  C. p i p i e n s  f e m a l e s  a t  12 .5  C was - 
39.6  0 .54  d a y s  a n d  a t  3 5  C was 8 .4  + 0.42 d a y s .  



TABLE 111. 

Mean ET50, a s  c a l c u l a t e d  from t h o s e  s u r v i v i n g  o u t  
of  5 0 ,  o f  ma le  and  f e m a l e  A e d e s  a e g y p t i  

r e a r e d  a t  v a r i o u s  c o n s t a n t  t e m p e r a t u r e s  ( n = 4 ) .  

F e m a l e s  

T e m p e r a t u r e  Mean* 

H a l e s  

T e m p e r a t u r e  Mean 

S t a n d a r d  
E r r o r  
0.52 
0.19 
0.08 
0.18 
0.04 
0.07 
0.11 

S t a n d a r d  
E r r o r  
0.75 
0. I8 
0.12 
0.08 
0.17 
0.10 
0.17 

..................................................... 
*Means f o i l o w e d  b y  t h e  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  ( S t u d e c t - N e  wman- 
K e u l s ,  p(0.05). T e s t  was d o n e  o n  males a n d  
f e m a l e s  s e p a r a t e l y .  



TABLE IV 

Mean ET50, a s  c a l c u l a t e d  f r o m  t h o s e  s u r v r v i n g  
o u t  of  5 0  of male  and f e m a l e  C u l e x  p i p i e n s  

r e a r e d  aT v a r i o u s  c o n s t a n t  t e m p e r a t u r e s  (n=4) . 
F e m a l e s  

T e m p e r a t u r e  Mean* S t a n d a r d  
E r r o r  

39.6 a  0 .54  
23.5  b 0.24 
13.6 c 0.20 
11.8  d  0.30 
10.4 e 0.03 
10 .0  e 0.07 

8.4 f 0.42 

M a l e s  
Tern p e r  a t u r  e Mean S t a n d a r d  

E r r o r  

............................................ 
*Means f o l l o w e d  by t h e  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  ( S t u d e n t - N e  wman- 
K e u l s ,  p30 .05) .  Test was d o n e  o n  males a n d  
f e m a l e s  s e p a r a t e l y .  



Males  t o o k  37 .5  3 0.96 d a y s  a t  12 .5  C a n d  7 .1  f 0.35 

d a y s  a t  35 C .  

The r e l a t i o n s h i p  o f  d e v e l o p m e n t  time t o  t h e  s e x  

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

s i g i i i f  i c a n t  ( a n a l y s i s  o f  v a r i a n c e )  , f o r  t h e  t w o  s p e c i e s  

s t u d i e d .  Males  g e n e r a l l y  emerged  b e f o r e  females a n d  

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

t e m p ~ r a t u r e .  

The  d a t a  was t r a n s f o r m e d  t o  r a t e s  of d e v e l o p m e n t ,  

1 0 0 0 / t i m e ,  a s  t h i s  h a s  b e e n  f o u n d  t o  h a v e  a n  a l m o s t  

l i n e a r  r e l a t i o n s h i p  w i t h  r e a r i n g  t e m p e r a t u r e  (Bar-Zeev 

1958;  C l e m e n t s  1963)  . 

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

t h e  e q u a t i o n  y  = 5 . 6 ~  - 4 5  ( f i g .  7 )  w h i l e  t h e  o n e  f i r  

males had t h e  e q u a t i o n  y  = 6 . 0 ~  - 49 ( f i g .  7 ) .  B o t h  

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

t e m p e r a t u r e  were s i g n i f i c a n t  ( F - t e s t )  . The s l o p e s  were 

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

f e m a l e  a n d  m a l e  d e v e l o p m e n t  r a t e s  o f  Ae. a e q y p t i  were 

n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom e a c h  o t h e r  ( T - t e s t )  . 



F i g .  7 R e l a t i o n s h i p  b e t w e e n  t e m p e r a t u r e  
and  mean (n=4) r a t e  o f  d e v e l o p m e n t ,  
1000 d i v i d e d  b y  E T 5 0  ( b a s e d  on 
t h o s e  s u r v i v i n g  t o  a d u l t )  of Aedes  
a e g y p t i .  R e g r e s s i o n  l i n e s  f o r  
m a l e s  a n d  f e m a l e s  a r e  p l o t t e d  
s e p a r a t e l y .  



FEMALES y = 5 . 6 ~  -45 

o MALES y  =6x -49 

TEMPERATURE C 



T h e  r e g r e s s i o n  l i n e  f o r  C. p i p i e n s  f e m a l e s  h a d  the - 
e q u a t i o n  y = 3.7~ - 13 ( f i g .  8) w h e r e a s  t h e  one f o r  

males had t h e  e q u a t i o n  y = 4 . 8 ~  - 2 5  ( f i g .  8 ) .  Bo th  

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

t e m p e r a t u r e  were s i g n i f i c a n t  ( F - t e s t ) .  The s l o p e s  were 

s i g n i f i c a n t l y  d l • ’  f e r e n t  f rom z e r o .  T h e  s l o p e s  for 

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

d i f  f e r e n t  from each o t h e r  ( T - t e s t )  . 



F i g .  8 R e l a t i o n s h i p  b e t w e e n  t e m p e r a t u r e  
a n d  mean (n=4) r a t e  o f  d e v e l o p m e n t ,  
1 0 0 0  d i v i d e d  by E T 5 0  ( b a s e d  on  
t h o s e  s u r v i v i n g  t o  a d u l t )  o f  culex 
p i p i e n s .  R e g r e s s i o n  l i n e s  f o r  
m a i e s  a n d  females a r e  p l o t t e d  
s e p a r a t e l y .  



e FEMALES y = 3.7~ - 13 

o MALES y - 4 . 8 ~  -25 

TEMPERATURE C 



D i s c u s s i o n  

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

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

m o s q u i t o ,  The two  s p e c i e s  d i f f e r e d  i n  t h e  way i n  which 

male  a n d  f e m a l e  s l z e  was i n f l u e n c e d  by c h a n g e s  i n  

r e a r i n g  t e m p e r a t u r e .  

The s i z e  o f  male a n d  f e m a l e  C. p i p i e a s  c h a n g e d  by - 
t h e  s a m e  amount i n  r e s p o n s e  t o  i n c r e a s i n g  r e a r i n g  

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

( f i g s .  3 & 4 )  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  

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

The s i z e  o f  A e .  - a e g y p t i  m a l e s  a n d  f e m a l e s  was 

affected d i f f e r e n t l y  by i n c r e a s e d  r e a r i n g  t e m p e r a t u r e s .  

T h e r e  was a  g r e a t e r  c h a n g e  i n  t h e  s i z e  o f  females t h a ~  

i n  males, I.e., t h e  s l o p e s  o f  t h e  r e g r e s s i o n  l i n e s  

( f i g s .  1 & 2 )  a r e  s i g n i f i c a n t l y  d i f f e r e n t .  Bo th  

w e i g h t s  a n d  wing l e n g t h s  c h a n g e  more i n  f e m a l e s  a s  

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



f e m a l e s  d e c r e a s e d  a t  a f a s t e r  r a t e  w i t h  i n c r e a s i n g  

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

T h i s  d i f f e r e n c e  i n  m a l e  a n d  female r e s p o n s e s  

a c c e n t u a t e s  t h e  n e e d  t o  d i s t i n g u i s h  b e t w e e n  t h e  sexes 

when m e a s u r i n g  p h y s i o l o g i c a l  p a r a m e t e r s .  

H o s o i  (1954) w i t h  C u l e x  p i p i e n s  v a r .  p a l l e n s  

(Coq.) , Mer (1937 ,  c i t e d  b y  C h r i s t o p h e r s  1 9 6 0 )  w i t h  

A n o p h e l e s  s a c h a r o v i  F a u r .  a n d  v a n  den H e u v e l  (1963) 

w i t h  Ae. a e g y p t i  n o t e d  t h a t  a t  e x t r e m e  t e m p e r a t u r e s  - 
wing l e n g t h  c h a n g e d  di s p r o p o r t i o n a t e l y  i n  c o m p a r i s o n  t o  

o t h e r  m e a s u r e s  o f  s i ze .  A t  h i g h  t e m p e r a t u r e s  wing 

l e n g t h s  were s h o r t e r  t h a n  e x p a c t e d  a n d  a t  l o w  

t 5 m p e r a t u r e s  t h e y  were l o n g e r  t h a n  e x p e c t e d .  T h l s  i s  

n o t  a  l a r g e  e f f e c t ,  and t h e r e f o r e  a s  l o n g  a s  i t  i s  

a c k n o w l e d g e d ,  w i n g  l e n g t h  c a n  s t i l l  b e  u s e d  a s  a n  i n d e x  

o f  s i z e .  C h r i s t o p h e r s  (1960)  s t a t e d  t h a t  w i n g  l e n g t h  

i s  t h e  s i m p l e s t  a n d  most  r e l i a b l e  m e a s u r e  of s i z e  a s  i t  

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

a n d  is r o u g h l y  c o r r e l a t e d  w i t h  w e i g h t .  



Pay (1964)  f o u n d  t h e  a v e r a g e  w e i g h t  of n e w l y  

e m e r g e d  A e .  a e g y p t i  males t o  b e  1 .18  t o  1 . 4  mg a n d  - 

f e m a l e s  t o  b e  2.4 t o  2.9 mg w h i c h  is t h e  r a n g e  of s i z e s  

o b s e r v e d  a-L 25 C ( f i g .  1) i n  t h e  p r e s e n t  s t u d y .  

R e a r i n g  t e m p e r a t u r e s  were n o t  s t a t e d  i n  F a y ' s  p a p e r .  

Data on  C. - p i p i e n s  s i z e  i s  l a c k i n g  i n  t h e  l i t e r a t u r e ,  

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

High  t e m p e r a t u r e s  p r o d u c e  smaller  m o s q u i t o e s  b u t  

w h e t h e r  o r  n o t  t h e s e  m o s q u i t o e s  a r e  less a b l e  t o  

s u r v i v e  o r  r e p r o d u c e  c a n n n o t  b e  d e t e r m i n e d  from t h i s  

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

a p p r o p r i a t e  m e a s u r e  of t h e  s u i t a b i l i t y  of a n y  2 

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

T h e  s u r v i v a l  o f  A e .  a e g y p t i  ( f i g .  5)  was h i g h  - 

b e t w e e n  20 a n d  3 5  C. Bar-Zeev (1958)  d e t e r m i n e d  t h e  

l owes t  t e m p e r a t u r e  a t  w h i c h  d e v e l o p m e n t  t o  a d u l t  

o c c u r r e d  t o  be  14 C a n d  t h e  h i g h e s t  t o  b e  36 C .  Some 

a d u l t s  were o b t a i n e d  a t  1 5  and 37 .5  C i n  t h i s  s t u d y .  

H e a d l e e  (1940 ;  1941;  1942)  g i v e s  t e m p e r a t u r e  l i m i t s  f o r  

s p e c i e s  c o n t i n u a n c e  a s  60 to  94  F ,  w h i c h  i s  



a p p r o x i m a t e l y  1 6  t o  34 C. F o r  t h e  c o l o n y  s t u d i e d  h e r e  

t h e  l o w e r  l i m i t  would  b e  h i g h e r  t h a n  t h a t  s t a t e d  b y  

H e a d l e e .  

The s u r v i v a l  o f  C. p i p i e n s  ( f i g .  6 )  was h i g h  - 

b e t w e e n  15 a n d  3 2 . 5  C, b u t  was h i g h e s t  a t  20 C. Main 

(1966)  f o u n d  t h a t  t e m p e r a t u r e s  o f  38 and  4 6  C were 

f a t a l  t o  e g g s  a n d  l a r v a e .  K u r i h a r a  (1963)  r e c o r d e d  

r a t e s  o f  p u p a t i o n  ( t a b l e  V )  a n d  f o u n d  p u p a t i o n  was h i g h  

b e t w s a n  15 a n d  32 C b u t  was t h e  h i g h e s t  a t  1 8  C. 

F o r  b o t h  s p e c i e s  t h e r e  i s  a  wide  r a n g e  o f  

t a m p e r a t u r e s  a t  w h i c h  s u r v i v a l  i s  h i g h .  A s  m i g h t  b e  

e x p e c t e d  f r o m  t h e  t e m p e r a t u r e  z o n e s  i n  which  t h e  

s p e c i e s  a r e  f o u n d ,  Ae. a o g y p t i  s u r v i v e s  a t  h i g h e r  - 

t e m p e r a t u r e s  w h i l e  C. p i p i e n s  s u r v i v e s  a t  l o w e r  - 

t e m p e r a t u r e s .  

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

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

of m o s q u i t o .  F o r  p r a c t i c a l  p u r p o s e s ,  r a t e s  o f  

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

C l e m e n t s  (1963)  a l s o  p o i n t e d  o u t .  



TABLE V 

Rates o f  p u p a t i o n  o f  C u l e x  p i p i e n s  s.1. r e a r e d  
a t  v a r i o u s  c o n s t a n t  t e m p e r a t u r e s .  * 1 

T e m p e r a t u r e  C P e r c e n t  P u p a t i o n  
10 0 
15 81.3 
18 92.6 
2 0 71.3 
25 78.0 
28 78.0 
32 68.3 
3 8 0 



The two s p e c i e s  d i f f e r  i n  t h e  way in which  male 

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

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

d e v e l o p m e n t  o f  t h e  t w o  s e x e s  o f  Ae. a e g y p t i  c h a n g e d  b y  - 
t h e  same a m o u n t  i n  r e s p o n s e  t o  i n c r e a s e d  t e m p e r a t u r e s  

of  r e a r i n g ,  w h e r e q s  i n  t h e  case o f  C. p i p i e n s ,  - 

i n c r e a s e d  r e a r i n g  t e m p e r a t u r e s  h a v e  a g r e a t e r  effect  on 

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

is  o p p o s i t e  ta t h e  e f f e c t  o f  r e a r i n g  t e m p e r a t u r e  on  t h e  

s i z e  o f  i m a g o  in t h e s e  two s p e c i e s .  Ae. - a e g y p t i  

females showed a  g r e a t e r  d e c r e a s e  i n  s i z p t h a n  m a l ~ s  

with i n c r e a s i n g  r e a r i n g  t e m p e r a t u r e  w h e r e a s  C .  p i p i e n s  - 

male  a n d  female s i z e  c h a n g e d  a t  t h e  same ra te .  

Re. a e g y ~ t i  s h o w s  faster d e v e l o p m e n t a l  r a t e s  t h a n  - 

C. - p i p i e n s  a t  h i g h e r  t e m p e r a t u r e s  i n d i c a t i n g  t h a t  Ae. .- 

a e g y p t i  i s  b e t t e r  s u i t e d  t o  h i g h e r  t e m p e r a t u r e s .  

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

e s t a b l i s h e d  i n  t h i s  work ( t a b l e s  111 & I V ) ,  t h e  optimum 

s u r v i v a l  t e m p e r a t u r e s  f o r  A e .  a e g y p t i  a r e  be tween  30 - 



a n d  3 5  C . ,  b e c a u s e  w i t h i n  t h i s  r a n g e  s u r v i v a l  is s t i l l  

h i g h  and d e v e l ~ p m e n t  i s  r e l a t i v e l y  r a p i d .  The optimum, 

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

d e t e r m i n e  f o r  C. p i p i e n s  b e c a u s e  s u r v i v a l  i s  h i g h e s t  a t  - 
20 C b u t  d e v e l o p m e n t  i s  s t i l l  r e l a t i v e l y  slow. 

The l e t h a l  l o w  t e m p e r a t u r e  f o r  A e .  a e g y p t i ,  i n  - 
terms o f  s u r v i v a l  t o  a d u l t ,  i s  b e t w e e n  1 2 . 5  a n d  1 5  C ,  

w h e r e a s  f o r  C. p i p i e n s  i t  i s  a b o u t  10 C. The  l e t h a l  - 
h i g h  t e m p e r a t u r e  f o r  A e .  a e g y p t i  i s  b e t w e e n  37.5 a n d  40 - 
c w h e r e a s  f o r  C. p i p i e n s  i t  i s  b e t w e e n  35 a n d  37 .5  C.  - 

" J 

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

s u r v i v a l  and  d e v e l o p m e n t  k u t  h i g h e r  t e m p e r a t u r e s  

p r o d u c e  p r c g r e s s i v e i y  s m a i l e r  a d u l t s  t h a t  may be less 

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

r e a r e d  a t  lcwer t e m p e r a t u r e s .  T h i s  i s  i n v ~ s t i g a t e d  i n  

t h e  f o l l o w i n g  s e c t i o n .  



PART I1 

EFFECTS OF TEMPERATURE O F  R E A R I N G  UPON FECUNDITY OF 

AEDES AEGYPTI. 

T h i s  s t u d y  was c o n d u c t e d  t o  d e t e r m i n e  i f  t h e  

r e a r i n g  t e m p e r a t u r e  of t h e  i m m a t u r e  i n s t a r s  of Ae. - 
a e g y p t i  w i l l  h a v e  a n y  e f f e c t  o n  t h e  f e c u n d i t y  of t h e  

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

s u i t a b i l i t y  of t h e  r e a r i n g  t e m p e r a t u r e  f o r  t h e  s p e c i e s .  

Methods  a n d  M a t e r i a l s  d 

Eggs  were h a t c h e d  a t  room t e m p e r a t u r e  (20+2  C ) .  

T h e  l a r v a e  were t h e n  p l a c e d  i n  e n a m e l  t r a y s ,  2 5  b y  2 0  

by 4.5 cm d e e p  w i t h  750  m l  of d i s t i l l e d  water. One 

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

m a i n t a i n e d  a t  20,  2 5  a n d  30 C w h i l e  200 l a r v a e  were 

p l a c e d  a t  b o t h  1 5  a n d  35 C a s  fewer were e x p e c t e d  t o  

s u r v i v e  t o  t h e  a d u l t  s t a g e  a t  t h e s e  t e m p e r i i t u r e s .  Food 

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

I1 ( E x c e s s ) .  



A d u l t s  were removed a s  t h e y  emerged  a n d  p l a c e d  i n  

a  c a g e  15 by 15 by 4 5  cm h i g h ,  h a v i n g  a  15 b y  45 cm 

f r o n t  of c l e a r  P l e x i g l a s  w i t h  a  c e n t r a l  h o l e  f i t t e d  

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

b o t t o m  o f  ~ y l o ~  mesh. SGvon t o  t e n  d a y s  a f t e r  t h e  

m a j o r i t y  o f  t h e  a d u l t s  h a d  emerged ,  a  r e s t r a i n e d  s h a v e d  

g u i n e a  p i g  was p r o v i d e d  a n d  f e m a l e s  were a l l o w e d  t o  

f e e d  t o  r e p l e t i o n .  One b l o o d - f e d  f e m a l e  was p l a c e d  i n  

e a c h  o f  20 i n d i v i d u a l  c a g e s  1 0  b y  6 b y  10 c a  h i g h  w i t h  

t h e  f r o n t  (10 by  1 0  cm) o f  c l e a r  P l e x i g l a s ,  t h e  

o p p o s i t e  s i d e  o f  n y l o n  mesh a n d  t h e  rest of t h e  w a l l s ,  

t o p  a n d  b o t t o m  of wood. A 20 m l  b e a k &  l i n e d  w i t h  a 3 

by 1 2  cm p i e c e  o f  p a p e r  t o w e l i n g  a n d  c o n t a i n i n g  1 5  m l  

o f  d i s t i l l e d  w a t e r  was p r o v i d e d  f o r  o v i p o s i t i o n .  

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

t o  m a t e  w i t h  m a l e s  r e a r e d  a t  t h e  s a m e  t e m p e r a t u r e .  To 

c h e c k  on t h e  m a t i n g  a b i l i t y  o f  the m a l e s  r e a r e d  a t  

e x t r e m e  t e m p e r a t u r e s ,  t e n  females were p l a c e d  w i t h  

m a l e s  r e a r e d  a t  t h e  same t e m p e r a t u r e  a n d  t e n  f e m a l e s  

were p l a c e d  w i t h  m a l e s  r e a r e d  a t  room t e m p e r a t u r e .  



~ F l l e t t  (1955)  showed t h a t  i n  o n e  s t r a i n  o f  Ae. a e g y p t i  - 
m a t i n g  was  a  m c e s s a r y  s t i m u i u s  f o r  f u l l  d e v e l o p m e n t  o f  

e g g s  a n d  o v i p o s i t i o n .  ~f m a l e s  were u n a b l e  t o  ma te ,  a  

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

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

a t  room t e m p e r a t u r e  a n d  a f t e r  7 d a y s  t h e  wing l e n g t h  o f  

e a c h  f e m a l e  m e a s u r e d  and  t h e  number  o f  e g g s  c o u n t e d .  

F e m a l e s  were d i s s e c t e d  a n d  e x a m i n e d  f o r  r e t a i n e d  

e g g s  a n d  t h e s e  were t h e n  a d d e d  t o  t h e  t o t a l  egg c o u n t  

f o r  t h a t  i s m a l e  before t h e  a n a l y s i s  was done.  

f l o s q u i t o e s  which  had n o t  d e v e l o p e d  a n y  e g g s  were n o t  

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

C o l l e s s  & C h e l l a p a h  (13160) . 



R e s u l t s  

The number o f  e g g s  l a i d  by  Ae. a e g y p t i ,  r e a r e d  i n  - 
t h e  l a r v a l  s t a g e  a t  v a r l o u s  c o n s t a n t  t e m p e r a t u r e s ,  

v a r i e d  w i t h  t h e  r e a r i n g  t e m p e r a t u r e  ( f i g .  9, see 

a p p e n d i x  C f o r  raw d a t a ) .  The l a r g e s t  number of  e g g s  

was l a i d  by f e m a l e s  r e a r e d  a t  20 a n d  25 C 0  which  

a v e r a g e d  1 0 9 . 8  i 3 . 2 3  (n=20)  a n d  98.6 * 4.79 (n=20) 

r e s p e c t i v e l y .  Fewer  e g g s  were l a i d  by f e m a l e s  r e a r e d  

a t  15 arid 30 C, an  a v e r a g e  o f  82 .2  + 4.89 (n=15) a n d  

78.0 9 3.59 (n=20) e g g s  r e s p e c t i v e l y .  The smallest 

number was l a i d  by f e m a l e s  r e a r e d  a t  35 C 0  a n  a v e r a g e  

o f  5 6 . 5  f 5.38 (n=19)  e g g s  ( f i g .  9 ) .  

A s  e x p e c t e d ,  s i z e ,  a s  m e a s u r e d  b y  wing  l e n g t h s ,  

d e c r e a s e d  w i t h  i n c r e a s i n g  t e m p e r a t u r e s  ( f i g .  9 ) .  

H i g h l y  s i g n i f i c a c t  d i f f e r e n c e s  were f o u n d  be tween  

t h e  number  o f  e g g s  p r o d u c e d  by f e m a l e s  r e a r s d  a t  

d i f f e r e n t  c o n s t a n t  t e m p e r a t u r e s  ( a n a l y s i s  o f  v a r i a n c e ) ,  

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





TEMPERATURE C 



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

effect  on tho n u m b e r s  ( a n a l y s i s  of v a r i a n c e ) .  F e m a l e s  

w i t h  m a l e s  r e a r e d  a t  room t e m p e r a t u r e  d u r i n g  

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

w i t h  males r e a r e d  a t  t h e  same t e m p e r a t u r e s  ( t a b l e  V I )  

a l t h o u g h  no  s i g n i f i c a n t  d i f f e r e n c e s  were f o u n d  u s i n g  a  

Student-Newman-Keuls  t e s t .  T h e  m a j o r i t y  of t h e  f e m a l e s  

l a i d  some e g g s  s o  e g g - l a y i n g  was s e l d o m  c o m p l e t e l y  

i n h i b i t e d .  

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

two l i v e d  t o  t h e  e n d  of t h e  t e s t  b u t  d i d  n o t  d e v e l o p  

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

were r e a r e d  a t  15 C.  S i x  m o s q u i t o e s  r e a r e d  a t  e i t h e r  

1 5  o r  3 5  C had  r e t a i n e d  eggs ,  3 of them due  t o  

p r e m a t u r e  d e a t h .  



TABLE VI 

Mean number  o f  e g g s  * SD l a i d  by Aedes  a e g y p t i  
r e a r e d  a t  v a r i o u s  c o n s t a n t  t e m p e r a t u r e s .  A l l  h a d  

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

f e m a l e s  were i s o l a t e d  e i t h e r  w i t h  m a l e s  r e a r e d  a t  t h e  
same t e m p e r a t u r e  o r  a t  room t e m p e r a t u r e .  Means 

f o l l o w e d  by the same  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (Student-Newman-Keuls)  . 

F e m a l e s  c a g e d  w i t h  
R e a r i n g  M a l e s  r e a r e d  a t  

T e m p e r a t u r e  C same t e m p e r a t u r e  

F e m a l e s  c a g e d  w i t h  
M a l e s  r e a r e d  a t  
room t e m p e r a t u r e  ( 2 0  C)  

7 8 . 7 i 7 . 4  n=7 c d  
107.3*5.7 n=10 a b  

90.5k7.6  n=10 a b c  
72 .6k4 .9  n=10 c d  
56.0k10.3 n=10 d  



D i s c u s s i o n  

The f e c u n d i t y  e x p e r i m e n t s  were d o n e  o n l y  w i t h  AE. - 
a e g y p t i  b e c a u s e  C. p i p i e n s  would n o t  ma te  a n d  o v i p o s i t  - 

when i s o l a t e d  i n  s m a l l  ( i e s s  t h a n  1  c u b i c  f o o t )  c a g e s  

( G e r b e r g  1970)  . 

Many a u t h o r s  h a v e  f o u n d  a  marked  upward t r e n d  i n  

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

number o f  s p e c i e s  of m o s q u i t o  (Woke e t  a l .  1956 ;  Roy - - 
1936 ;  C o l l e s s  E C h e l l a p a h  1960;  Edman & Lynn 1975) . 

C h r i s t o p h f r s  (1960)  f ourid no  s u g g e s t i o n  of lrany 

c l o s e  r e l a t i o n  b e t w e e n  t h e  number of e g g s  a n d  t h e  s i z e  

o f  t h e  f e m a l e "  when s t u d y i n g  As, a e g y p t i  a n d  Woke e t  - - 
a i .  (1956)  f o u n d  t h a t  t h e  number o f  e g g s  i n c r e a s e d  w i t h  - 
body w e i g h t .  A l t h o u g h  t h i s  i n c r e a s e  s u g g e s t e d  -a l i n e a r  

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

e s t a b l i s h e d .  C o l l e s s  a n d  C h e l l a p a h  (1960)  o b s e r v e d  

t h a t  b o d y  w e i g h t  a f f e c t e d  f e c u n d i t y  i n  Ae. a e g y p t i  a n d  - 
c o n c l u d e d  t h a t  t h e y  o b t a i n e d  t h e s e  r e s u l t s ,  c o n t r a r y  t o  



t h o s e  o f  t h e  a b o v e  a u t h o r s ,  b e c a u s e  o f  rea:ing < 

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

w o r k e r s  h a d  e x p e r i m e n t e d  w i t h  a d u l t s  r e a r e d  from 

w e l l - f e d  l a r v a e ,  w h e r e a s  Col less  a n d  C h e l l a p a h  

d e l i b e r a t e l y  s t a r v e d  Ae. - a e g y p t i  l a r v a e  t o  o b t a i n  

smaller a d u l t s .  

I n  t h e  p r e s e n t  work t h e  m o s q u i t o e s  were n o t  

w e i g h e d  b e f o r e  o r  a f t e r  b l o o d  f e e d i n g  a n d  were n o t  

d i s t u r b e d  d u r i n g  f e e d i n g .  It h a s  b e e n  o b s s r v e d  t h a t  

m o s q u i t o e s  would  f e e d  t~ r e p l e t i o n  when n o t  i n t e r r u p t e d  

(Roy 1 9 3 6 )  , t h e r e f o r e  i n  t h e  p r e s e n t  work it c a n  b e  

as sumed  t h a t  c o m p l e t e  b l o o d  meals were t a k e n  b y  t h e  

tes t  a n i m a l s .  

MacDonald (1956)  s u g g e s t e d  t h a t  small a d u l t s  would 

ingest a  s m a l l e r  amount  o f  b l o o d  a n d  s o  c o u l d  be 

e x p e c t e d  t o  l a y  fewer e g g s .  

W h e ~  c o m p a r i n g  r e s u l t s  o f  t h i s  work w i t h  t h o s e  o f  

o t h e r s  i t  is i m p o r t a n t  t o  remember t h a t  t h e r e  may b e  

d i f f e r e n c e s  i n  t h e  s t r a i n s  of m o s q u i t o e s  u s e d  and  t h a t  



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

d i f f e r .  Co l l e s s  a n d  C h e l l a p a h  (1960)  d i s t i n g u i s h e d  

b e t w e e n  these t h a t  d a v e l o p  e g g s  w h e t h e r  t h e y  l a y  them 

or  n o t  ( l a y e r s )  am3 t h o s e  t h a t  d o  n o t  ( n o n l a y e r s )  . I n  

t h e i r  t e s t ,  12 o u t  o f  1 2 4  m o s q u i t o e s  h a d  r e t a i n e d  e g g s ,  

9 o f  them owing  t o  p r e m a t u r e  d e a t h .  N o n l a y e r s  were n o t  

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

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

Ae. - a e g y p t i  i s o l a t e d  i n  t u b e s  r a r e l y  showed 

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

C h r i s t o p h e r s  (1960)  f o u n d  t h a t  l e ss  t h a n  2% of t h e  

m o s q u i t o e s  e x a m i n e d  showed o n e  o r  two r e t a i n e d  e g g s  i n  

t h 3  common o v i d u c t  o r  t h e  o v a r y .  I n  t h e  p r e s e n t  s t u d y  

up  t o  64 r e t a i n e d  e g g s  were o b s e r v e d  which  i n d i c a t e s  

t h a t  l a r g e  n u m b e r s  of  e g g s  may be r e t a i n e d  i f  t h e  

m o s q u i t o  i s  no t  h a r d y  a n d  d i e s  b e f o r e  l a y i n g  o r  d o e s  

n o t  l a y  f o r  some o t h e r  r e a s o n ,  e. g.  t h e y  may n o t  h a v e  

b e e n  i n s e m i n a t e d .  

A d e c r e a s e  i n  f e c u n d i t y  was o b s e r v e d  i n  females. 

r e a r e d  a t  20 t o  35 C ( f i g .  9) a n d  t h i s  c o r r e l a t e s  w i t h  

a d e c r e a s e  i n  s i z e  a s  m e a s u r e d  b y  wing l e n g t h s .  



M o s q u i t o e s  r e a r e d  a t  1 5  C were b i g g e r  g e n e r a l l y  t h a r ,  

t h o s e  m o s q u i t o e s  r e a r e d  a t  20 C b u t  t h e y  were o b s e r v e d  

t o  p r o d u c e  fewer e g g s .  T h i s  e f f e c t  may be  t h e  r e s u l t  

o f  a  g e n e r a l  l a c k  o f  v i t a l i t y  as  m e n t i o n e d  above .  

Edman a n d  Lynn  (1975)  f o u n d  t h a t  more s u g a r - f e d  C u l e x  

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

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

e n e r g y  r e s e r v e s .  HacDonald  (1 956)  s u g g e s t e d  t h a t  when 

weak a d u l t s  were g i v e n  t h e i r  f i rs t  b l o o d  m e a l ,  e i t h e r  

o f  t w o  r e s u l t s  car- b e  e x p e c t e d :  t h e  o v a r l e s  w i l l  n o t  

d e v e l o p  p a s t  s t a g e  2 ,  which  is  t h e  s t a g e  r e a c h e d  

w i t h o u t  a  b l o o d  meal ( C h r i s t o p h e r s  l96O) ,  o r  t h e  number 

o f  e g g s  f o r m e d  w i l l  be  l ess  t h a n  50. A s  t h e  r e a r i n g  

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

a d u l t s  w i l l  form e g g s  a f t e r  o n e  b l o o d - m e d  a n d  t h e  

number  o f  e g g s  w i l l  i n c r e a s e .  T h i s  may be w h a t  h a s  

o c c u r r e d  w i t h  t h e  m o s q u i t o e s  r e a r e d  a t  15 C. The low 

t e m p e r a t u r e  may h a v e  p r o d u c e d  weakened a d u l t s .  I t  was 

d i f f i c u l t  t o  g e t  f e m a l e s   eared a t  15  C t o  i n g e s t  b l o o d  

f r o m  human o r  g u i n e a  p i g .  H a t c h e t t  (1946,  c i t e d  b y  Fay  

1964)  o b s e r v e d  t h a t  A e .  - a e g y p t i  a d u l r s  f r o m  l a r v a e  t h a t  

r e q u i r e d  o v e r  3 0  d a y s  f o r  g r o w t h  s e l d o m  f e e d  o n  b l o o d .  



P e r h a p s  the f e m a l e s  r e a r e d  a t  15 C d i d  n o t  o r  c o u l d  n o t  

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

complement  o f  e g g s  even  t h o u g h  t h e y  were a l l o w e d  t o  

f e e d  t o  r e p l e t i o c .  < 

The mos t  f a v o u r a b l e  r e a r i n g  t e m p e r a t u r e s  f o r  

maximum f e c u n d i t y  o f  Ae. a e g y p t i  a p p e a r s  t o  b e  I n  t h e  - 

r a n g e  o f  20 t o  25  C a s  d e c r e a s e d  e g g  i a y i n g  was  

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

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

l a r v a e  o f  c e r t a i n  s p e c i e s  o f  m o s q u i t o e s  m a l e n e s s  was 

s u p p r e s s e d  and f e m a l e n e s s  r e m a i n e d  unchanged  (Anderson  

E H o r s f a l l  1963) . Anderson  a n d  H o r s f a l l  c a l l  t h i s  

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

d e p e n d s  u p o n  how e x t r e m e  t h e  r e a r i n g  t e m p e r a t u r e s  a r e .  

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

t e m p e r a t u r e s  (35 C) a n d  may h a v e  masked t h e  p o t e n t i a l  

f e c u n d i t y  c f  t h e  f e m a l e s .  The r e s u l t s  o b t a i n e d  f rom 

t h e  c o n t r o l s  ( m a l e  r e a r e d  a t  room t e m p e r a t u r e  p r e s e n t  

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

d e v e l o p m e n t  o c c u r r e d  e v e n  t h o u g h  t h e  F v a l u e  was 



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

( t a b l e  V I ) .  I f  a n o m a l o u s  d e v e l o p m e n t  h a d  o c c u r r e d ,  

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

been e x p e c t e d  a t  35 C i n  t h e  e x p e r i m e n t a l  g r o u p  (male 

r e a r e d  a t  s a m e  t e m p e r a t u r e  p r e s e n t  d u r i n g  o v i p o s i t i o n )  . 
None 09 t h o s e  f e m a l e s  r e a r e d  a t  35 C t h a t  d e v e l o p e d  any 

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

It d o e s  n o t  a p p e a r  t h a t  a n o m a l o u s  d e v e l o p m e n t  was 

i n d u c e d - - p e r h a p s  t h e  c r i t i c a l  t e m p e r a t u r e  was n o t  

r e a c h e d  o r  Ae. a e g y p t i  is  n o t  s u s c e p t i b l e .  A n o t h e r  - 
e x p l a n a t i o c  f o r  t h e s e  r e s u l t s  c o u l d  b e  t h a t  t h e  s t r a i n  

u s e d  i n  t h e s e  e x p e r i m e n t s  d i d  n o t  r e q u i r e  m a t i n g  t o  

s t i m u l a t e  e g g  d e v e l o p m e n t  and o v i p o s i t i o n .  
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TEMPERATURES. 

The  s e l e c t i o n  o f  a n  o v i p o s i t i o n  s i t e  may be  

i n f l u e n c e d  by many f a c t o r s  a s  d i s c u s s e d  i n  t h e  

~ n t r o d u c t i o n .  T h i s  s t u d y  was c o n d u c t e d  t o  d e t e r m i n e  i f  

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

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

i f  Ae. - a e g y p t i  a n d  - C. p i p i e n s  show a n y  p a t t e r n s  o f  

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

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

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

p a r t s  I a n d  II i n  t h e  summary a n d  c o n c l u s i o n s  s e c t i o n .  

M s t h o d s  a n d  M a t e r i a l s  

A )  G e n e r a l  

Two o v i p o s i t i o n  s i t e s  were a v a i l a b l e  a t  o p p o s i t e  

e n d s  o f  e a c h  of t w o  plywood e x p e r i m e n t a l  c a g e s ,  182 by 



61 b y  122  cm h i g h .  The ~ l e x i g l a s  f r o n t  o f  e a c h  c a g e  

was c o v a r e d ,  a s  e x t e r n a l  s t i m u l i ,  s u c h  a s  l i g h t  
I 

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

f e m a l e .  

A t  e a c h  sits t h e r e  was  a  bowl ,  1 7  cm i n  d i a m e t e r  

a n d  8.5 crn d e e p ,  w i t h  1 0 0 0  m l  o f  d i s t i l l e d  water, a  

h e a t e r  w i t h  t h e r m o s t a t ,  a  t h e r m o m e t e r ,  a n d  a t e m p e r a t u r e  

p r o b e  l e a d i n g  t o  a c h a r t  r e c o r d e r .  The  bowl was p l a c e d  

on a  c o l d  w a t e r  c i r c u l a t i n g  c h a m b e r  w h i c h  p r o v i d e d  

c o o l i n g .  T h e  w a t e r  t e m p e r a t u r e  w i t h i n  1 . 5  cm o f  t h e  

s u r f a c e  c o u l d  b e  r e g u l a t e d  p l u s  o r  minus  1 C w i t h  t h i s  

s y s t e m .  

B)  A e d e s  a e g y p t i  -- 

The  e x p e r i m e n t a l  c a g e  was i l l u m i n a t e d  by two 

4 0 - w a t t  b u l b s ,  o n e  o v e r  e a c h  o v i p o s i t i o n  s i t e ,  f r o m  6 

a.m. t o  10  p.m. Three- t o  f i v e - w e e k  o l d  f e m a l e s  were 

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

a q u a r i u m  32 by 62  by 30 cm h i g h  w i t h  a c a r d b o a r d  t o p  

h a v i n g  a n  1 8  cm h o l e  f i t t e d  w i t h  a p l a s t i c  s l e e v e .  



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

q e f o r e  t h e  g u i n e a  p i g  was made a v a i l a b l e  f o r  b l o o d  

After o n e  d a y ,  30 b l o o d - f e d  f e m a l e s  a n d  30 m a l e s  

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

p a p e r  t o w e l i n g ,  24  b y  8.5 cm, l i n e d  t h e  bowl and  

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

r e p l a c e d  d a i l y  b e t w e e n  8 and  9 a.m. a n d  t h e  e g g s  

c o u n t e d .  Water  l e v e l  i n  t h e  b o w l s  was k e p t  c o n s t a n t  by  

a d d i n g  w a t e r  a t  t h i s  time. The e x p e r i m e n t  was 

t e r m i n a t e d  when o v i p o s i t i o n  c e a s e d .  E a c h  e x p e r i m e n t  

l a s t e d  a b o u t  one  week.  

A c o n t r o l  s e r i e s  was  r u n  i n  which  t h e  two s i tes  

were k e p t  a t  t h e  same w a t e r  t e m p e r a t u r e  i n  o r d e r  t o  

c h e c k  w h e t h e r  o r  n o t  e a c h  s i t e  was e q u a l l y  a t t r a c t i v e ,  

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

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

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

r a n g i n g  from 15 t o  45  C i n  5 C i n c r e m e n t s .  



A ser ies  was d o n e  i n  which the two s i t e s  d i f f e r e d  

i n  t h e i r  w a t e r  t e m p s r a t u r e s  by 5 a n d  1 0  C o v e r  a  r a n g e  

b e t w e e n  15 a n d  4 5  C. At l e a s t  t w o  r e p l i c a t e s  were done  
i, 

f o r  e a c h  t e m p e r a t u r e  c o m p a r i s o n .  Bo th  of t h e  a b o v e  

sets  o f  e x p e x l m e n t s  were r u n  a t  a i r  t e m p e r a t u r e s  

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

w i t h  h i g h  a i r  t e m p e r a t u r e s ,  28 t o  3 2  C. Two l o t s  o f  

m o s q u i t o e s  were u s e d  f o r  t h i s  e x p e r i m e n t :  o n e  g r o u p  

was r e a r e d  a t  1 9  t c  21 C a n d  a  s e c o n d  g r o u p  $was r e a r e d  

a t  28 t o  3 2  C. A d u l t s  were m a i n t a i n e d  a t  t h e  h i g h  

t e m p e r a t u r e  u n t i l  t h e y  were r e q u i r e d  f o r  e x p e r i m e n t .  

Two r e p l i c a t e s  w i t h  water t e m p e r a t u r e s  set a t  e a c h  of 

40 and 4 5  C a t  b o t h  s i t e s  were d o n e  w i t h  m o s q u i t o e s  

r e a r e d  a t  room t e m p e r a t u r e .  Two r e p l i c a t e s  w i t h  w a t e r  

t e m p e r a t u r e s  a s  a b o v e  were d o n e  w i t h  m o s q u i t o e s  r e a r e d  

a t  h i g h  t e m p e r a t u r e s .  Two r e p l i c a t e s  o f  e a c h  -o f  the 

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

m o s q u i t o e s  rsared a t  h i g h  t e m p e r a t u r e s :  30 w i t h  40  C 

a n d  4 0  w i t h  4 5  C. 



A r e s t  w i t h  m o s q u i t o e s  r e a r e d  a t  h i g h  t e m p e r a t u r e s  

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

b e t w e e n  19 a c d  21 C was a l s o  d o n e .  One t e s t  w i t h  w a t e r  
L 

t e m p e r a t u r e s  o f  40 C a t  b o t h  s i t e s  was d o n e  w i t h  t h e s e  

m o s q u i t o e s .  

D a t a  f rom e x p e r i m e n t s  w i t h  b o t h  s i t e s  a t  t h e  same  

w a t e r  t e m p e r a t u r e  were a n a l y z e d  u s i n g  a n a l y s i s  o f  

v a r i a n c e  t o  d e t e r m i n e  i f  s i t e  a n d  t e m p e r a t u r e  had  a n y  

effect  on  t h e  number o f  e g g s  l a i d .  

T h e  d a t a  from e x p e r i m e n t s  w i t h  t h e  t w o  s i t e s  a t  

d i f f e r e n t  c o n s t a n t  t e m p e r a t u r e s  was a n a l y z e d  by 

c o m p a r i n g  t h e  number cf e g g s  a t  t h e  h i g h e r  t e m p e r a t u r e  

w i t h  50% of t h e  t o t a l  eggs  l a i d  a t  b o t h  s i t e s  t o  see i f  

i t  was less t h a n  o r  g r e a t e r  t h a n  e x p e c t e d .  One 

t h o u s a n d  was  a d d e d  t o  t h e  d i f f e r e n c e  be tween  t h e s e  t w o  

t o  g i v e  a n  i n d e x  o f  r e s p o n s e .  C o n t r o l  d a t a  were 

t r e a t e d  i n  t h e  s a m e  way b u t  s i t e  2 was  a r b r i t a r i l y  

c h o s e n  t o  be e x a m i n e d  a s  b o t h  s i t e s  were a t  t h 2  same 

t e m p e r a t u r e .  T h e s e  i n d i c e s  were a n a l y z e d  u s i n g  a 

oneway a n a l y s i s  of v a r i a n c e  a n d  a  Student-Newman-Keuls  



t e s t ,  t o  see i f  t h e  v a r i a t i o n  i n  t h e  i n d i c e s  i c  t h e  

d i f f e r e c z  t e m p e r a t u r e  c o m p a r i s o n s  were d i f f e r e n t  from 

t h e  v a r i a t i o n  o b s e r v e d  i n  t h e  e x p e r i m e n t s  w i t h  b o t h  
L 

s i t e s  a t  t h e  same c o n s t a n t  t e m p e r a t u r e s .  

The  x e s u l t s  cf e x p e r i m e n t s  w h e r e  t h e  e f f e c t s  of 

a i r  t e m p e r a t u r e  d u r i n g  o v i p o s i t i o n  a n d  t e m p e r a t u r e  o f  

r e a r i n g  o f  t h e  l a r v a e  a n d  p u p a e  o n  t h e  a d u l t ' s  

o v i p o s i t i o n  were a n a l y z e d  a s  a b o v e ,  b u t  s e l e c t e d  

t e m p e r a t u r e  c o m p a r i s o n s  f r o m  t h e  o t h e r  e x p e r i m e n t s  were 

u s e d  f cr  c c m p a r i s o n .  

C )  C u l e x  p i p i e n s  

The e x p e r i m e n t a l  c a g e  was i l l u m i n a t e d  by two 

6 0 - w a t t  b u l b s  from 8 a.m. t c  8 p.m. a n d  o n e  c e n t r a l  

1 5 - w a t t  b u l b  f r o m  6 a.m. t o  1 0  p.m. T h i s  g a v e  t w o  

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

p h o t o p h a s e .  

Two t o  t h r e e  h u n d r e d  of e a c h  s e x  were i n t r o d u c e d  

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



t h e r e  was a  100 m l  E r y l e n m e y e r  f l a s k  c o n t a i n i n g  a  10% 

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

After o n e  week a  r e s t r a i n e d ,  s h a v e d  g u i n e a  p i g  was made 
i, 

a v a i l a b l e  f o r  b l o o d  f e e d i n g  c n  f o u r  c ~ n s e c u % i v e  c i g h t s .  

Egg r a f t s  wers c o l l e c t e d  o v e r  t h e  n e x t  ten d a y s .  

Each r a f t  was c c u n t e d  a s  a n  o v i p o s i t i o n  e v e n t .  Eggs  i n  

e a c h  r a f t  were c o t  c c u n t e d  a s  t h i s  h a s  been f o u n d  t o  be  

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

o f  t h e  w a t e r  a t  t h e  b r e e d i n g  s i t e  (Wallis 1 9 5 4 ) .  

A c o n t r o l  series s i m i l a r  t o  t h a t  o f  t h e  Ae. - 

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

f r o m  15 t o  35 C i n  5 C i n c r e m e n t s .  On ly  o n e  e x p e r i m e n t  

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

would  l a y  a t  t h a t  s p e c i f i c  t e m p e r a t u r e ,  g i v e n  no o t h e r  

c h o i c e ,  a n d  t o  d e t e r m i n e  I f  t h e  s i t e s  were e q u a l l y  

a t t r a c t i v e .  It c o u l d  a o t  be e s t a b l i s h e d  w h e t h e r  t h e  

same  number  o f  r a f t s ,  from a c e r t a i n  number o f  

b l o o d - f e d  femeles, wculd be  l a i d  a t  t h e  v a r i o u s  

t e m p e r a t u r e s  b e c a u s e  t h e  e x a c t  number of b l o o d - f e d  

f e m a l e s  was ~ o t  known. The  s i z e  of t h e  e x p e r i m e n t a l  



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

a c c u r a t e  c c u n t  o f  b l o o d - f e d  f e m a l e s .  Nc b l o o d - f e d  

f e m a l e s  l a i d  e g g  r a f t s  when t h e y  were h a n d l e d  s o  t h a t  , 
\ 

an  e x a c t  number o f  b l o o d - f e d  C. p i p i e n s  c o u l d  n o t  be  - 

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

As. a e g y p t i .  

A ser ies  was  d o n e  i n  which t h e  two  s i tes  d i f f e r e d  

by  5 and  by 10 C o v e r  a  r a n g e  b e t w e e n  15 a n d  30 C .  Two 

r e p l i c a t e s  w6re r u n  f o r  e a c h  t e m p e r a t u r e  c o m p a r i s o n .  

A l l  e x p e r i m e n t s  were c o n d u c t e d  a t  a i r  t e m p e r a t u r e s  

b e t w e e n  19 a n d  21 C. 

T h i s  series was a n a l y z e d  i n  t h e  same way a s  t h e  

A e .  a e g y p t i  e x p e r i m e n t s  e x c e p t  t h a t  t h e  d a t a  was - 

c h a n g e d  t o  p r o p o r t i o n s  b e f o r e  i t  was a n a l y z e d  and  t h u s  

an a r c s i n  s q u z r e  r o o t  t r n a s f o r m a t i c n  was d o n e  b e f o r e  

t h e  d a t a  was a n a l y z e d .  P r o p o r t i o n s  o f  t o t a l  r a f t s  l a i d  

were u s e d  b e c a u s e  t h e  number  o f  b l o o d - f e d  f e m a l e s  c o u l d  

n o t  be  c o n t r o l l e d .  Also, f o r  t h i s  r e a s o n ,  t h e  r e s u l t s  

f rom e x p e r i m e n t s  w i t h  b o t h  s i t e s  a t  t h e  same  c o n s t a n t  

t e m p e r a t u r e s  were n o t  a n a l y z e d  f ~ r  t e m p e r a t u r e  effects .  



R e s u l t s  

L 

A) Aedes  a e g y p t i  
- '  

1)  Two o v i p o s i t l o n  s i t es  a t  t h e  same 

w a t E r  t e m p e r a t u r e s .  

The c o n t r o l  series i n d i c a t e d  t h a t  Ae. a e g y p t i  w i l l  - 
o v i p o s i t  o v e r  a w i d e  r a n g e  o f  w a t e r  t e m p e r a t u r e s .  

O v i p o s i t i o n  o c c u r r e d  a t  t e m p e r a t u r e s  r a n g i n g  f rom 1 5  t o  

45  C ( f i g .  1 0 ) .  

A t w o  way a n a l y s i s  o f  v a r i a n c e  (see a p p e n d i x  D f o r  

raw d a t a )  showed a h i g h l y  s i g n i f i c a n t  ef fect  o f  

t e m p e r a t u r e  on  t h e  number o f  e g g s  l a i d  b u t  n o  e f fec t  

d u e  t o  p o s i t i o n  o f  t h e  o v i p c s i t i o n  s i te .  T h e  n u l l  

h y p o t h e s i s  t h a t  t h e r e  was no e f fec t  c a u s e d  b y  p o s i t i o n  

was t r u e  ( p  2 0.05) a n d  t h i s  i s  shown c l e a r l y  i n  f i g .  

10 .  The effect  o f  t e m p e r a t u r e  was i n v e s t i g a t e d  b y  

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

t h a  t o t a l  number  o f  e g g s  l a i d  ( f i g .  1 1 )  i n  a n y  o n e  



Fig. 1 0  Mean (n=3) number of e g g s  l a i d  + SD 
by Aedes  a e g y p t i  a t  each s f  two 
o v i p o s i t i o n  s i t e s  w i t h  b o t h  s i t e s  
a t  t h e  same constant water 
tem p e r a t u r e s .  



TEMPERATURE C 

PAIRS 



e x p e r i m e n t .  A Student-Newman-Keuls  test i n d i c a t e d  that 

more e g g s  were l a i d  a t  2 0 ,  25, 30, a n d  35 C (Group I ) 

w a t e r  t h a c  a t  15, 4 0 ,  a n d  45 C (Group  11), Between  951 

?. 131 (n=3)  a n d  1258 .L 181 (n=3) were l a i d  a t  g r o u p  I 

t e m p e r a t u r e s  w h i l e  b e t w e e n  322' +_ 132 (n=3) a n d  523 5 59 

(n=3) e g g s  were l a l d  a t  g r o u p  I1 t e m p e r a t u r e s  ( f i g .  

2 )  Two c v i p o s i t i o n  s i tes  a t  c o n t r a s t i n g  

water t e m p e r a t u r e s .  

T h r e e  s i g n i f i c a n t l y  d i f f e r e n t  

(Student-Newman-Keuis)  r e  s p o n s e  g r o u p s  were f o u n d  i n  

t h e  e x p e r i m e n t s  when t h e  m o s q u i t o e s  h a d  a  c h o i c e  

b e t w e e n  s i t e s  a t  two d i f f e r e n t  w a t e r  t e m p e r a t u r e s  ( f i g .  

12, see a p p e n d i x  E f o r  r a w  d a t a )  a n d  t h e  l n d i c e s  

( d e f i n e d  i n  me thods )  wers a n a l y z e d .  In f i g .  12 t h e  

d i f f e r e n c e s  i n  number o f  e g g s  i n  t e m p e r a t u r e  p a i r s  

t h a t  were l a b e l e d  I and I11 a r e  a l l  s i g n i f i c a n t l y  

d i f f e r e n t  f r o m  e a c h  o t h e r .  T h o s e  w i t h  h a t c h e d  bars  

d e s i g n a r e  t e m p e r a t u r e s  which  h a v e  b e e n  shown t o  be  

u n f a v o u r a b l e  f o r  o v i p o s i t i o n  e v e n  when t h e r e  was no  

o p t i o n  ( f i g .  11). 
I 





TEMPERATURE C 



F i g .  1 2  Mean number  o f  e g g s  l a i d  b y  Aedes 
a e g y p t i  f 1 S D  a t  e a c h  o v i p o m o n  
s i t e ,  g i v e n  a c h o i c e  b e t w e e n  
v a r i o u s  c o n s t a n t  w a t e r  
t e m p e r a t u r e s .  Number o f  r e p l i c a t e s  
v a r i e s  f o r  t h e  d i f f e r e n t  
t e m p e r a t u r e  p a i r s  a n d  i s  i n d i c a t e d  
u n d e r  t h e  t e m p e r a t u r e s  f o r  e a c h  
e x p e r i m e n t  on t h e  g r a p h .  A n a l y s i s  
i n d i c a t e d  t h r e e  d i f f e r e n t  
(Student-Newman-Keuls)  
r e s p o n s e  g r o u p s :  I; w h e r e  more e g g s  
a r e  l a i d  a t  t h e  h i g h e r  t e m p e r a t u r e ,  
11; w h e r e  t h e r e  is n o  d i f f e r e n c e  
b e t w e e n  t h e  number  o f  e g g s  a t  t h e  
t w o  s i t e s ,  and  I11 w h e r e  more e g g s  
a r e  l a i d  a t  t h e  l o w e r  t e m p e r a t u r e .  
H a t c h e d  b a r s  d e s i g n a t e  t e m p e r a t u r e s  
a t  which t h e  t o t a l  number  o f  e g g s  
l a i d  was  r e d u c e d  i n  o t h e r  
e x p e r i m e n t s  where  no  o p t i o n  b u t  
t o  o v i p o s i t  a t  t h e s e  t e m p e r a t u r e s  
was a v a i l a b l e .  
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When t h e  l o w e r  t e m p e r a t u r e  was 1 5  C ( f i g .  12 ,  1) 

t h e  h i g h e r  t e m p e r a t u r e  i n  t h e  p a i r  h a d  more e g g s .  The 

c o m p a r i s o c s  i n  t h i s  g r o u p  were 1 5  w i t h  20 C a n d  15  w i t h  

2 5  C. I n  t h e  f i rst  c o m p a r i s o n  246  + 8 8  (n=2) were l a i d  

a t  1 5  w h i l e  7 5 1  i 138 (n=2)  e g g s  were l a i d  a t  20 C. I n  

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

212  i 114  (n=3)  e g g s  a t  1 5  C a n d  9 9 5  9 1 2 8  (n=3) e g g s  

a t  2 5  C. 

With  t e m p e r a t u r e s  be tween  20 and  30 C ( f i g .  12 ,  

11) t h e  number  o f  e g g s  l a i d  a t  t h e  two s i t e s  showed 

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

e x p e r i m e n t s  w i t h  b o t h  s i t e s  a t  t h e  same w a t e r  

t e m p e r a t u r e s .  The c o m p a r i s o n s  i n  t h i s  g r o u p  Mere 20  

w i t h  2 5  C, 20  w i t h  30  C ,  and  2 5  w i t h  30 C. T h e  a c t u a l  

number o f  e g g s  l a i d  were a s  follows: 381  ~t 1 3 6  (n=4) 

e g g s  a t  20 C a n d  4 7 9  * 77 (n=4) e g g s  a t  2 5  C; 463 * 101 

(n=3)  e g g s  a t  20  a n d  521  i 1 6 3  (n=3)  e g g s  a t  3 0  C and  

654 i 104 (n=2) e g g s  a t  2 5  C a n d  4 7 6  * 6 1  (n=2)  e g g s  a t  

30  C .  



When t h e  h i g h e r  t e n p e r a t u r e  was 3 5  C o r  more ( f i g .  

1 2 ,  111) fewer e g g s  ware l a i d  a t  t h e  h i g h  t e m p e r a t u r e s .  

T h e  c o m p a r i s o n s  i n  t h i s  g r o u p  were 25 w i t h  3 5  C,  30 

w i t h  3 5  C, 3 0  w i t h  40 C, 35 w i t h  40 C, 35 w i t h  45 C, 

a n d  40 w i t h  45  C. The  a c t u a l  number  o f  e g g s  l a i d  were 

a s  f o l l o w s :  7 2 0  +_ 1 6  (n=3)  e g g s  a t  2 5  C a n d  3 5 8  f 6 5  

(n=3)  e g g s  a +  3 5  C; 905 k 128 (n=4)  e g g s  a t  3 0  C a n d  

5 3 1  i 69 (ri=4) e g g s  a t  35 C; 1 1 3 0  * 98  (n=2)  e g g s  a t  3 0  

C a n d  1 6 5  + 56 (n=2)  e g g s  a t  40 C ;  9 3 3  * 53 (n=2) e g g s  

a t  3 5  C and  252 + 70 (n=2) e g g s  a t  40 C; 5 1 5  k 1 3 2  

( n = 2 )  a t  3 5  and 16  + 16 (n=2)  a n d  570 * 1 0  (n=2)  e g g s  

a t  40  C a n d  100 * 81 (n=2) e g g s  a t  4 5  C. 

3)  T h e  e f fec t  of  t e m p e r a t u r e  o f  r e a r i n g  and 

a i r  t e m p e r a t u r e  upon t h e  number o f  e g g s  l a i d  

a t  h i g h  water t e m p e r a t u r e s .  

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

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

t h e  t o t a l  number  o f  e g g s  l a i d  a t  h i g h  w a t e r  

t e m p e r a t u r e s  ( f i g .  13 ,  see a p p e n d i x  P f o r  raw d a t a ) .  A 

l a r g s  number  o f  e g g s ,  1 0 7 7  * 2 . 5  (n=2) ware l a i d  a t  4 0  



Fig. 1 3  Mean (n=2)  +_ S D  o f  t h e  t o t a l  number 
o f  e g g s  l a i d  b y  Aedes  a e g y p t i  a t  
t h e  t w o  s i t e s  c o m b i n e d  when t h e  
l a r v a e  were reared a t  v a r i o u s  w a t e r  
tem p e r a t u r e s  a n d  a i r  t e m p e r a t u r e s  
were h e l d  a t  v a r i o u s  c o n s t a n t  
l e v e l s  d u r i n g  o v i p o s i t i o n .  Means 
f o l l o w e d  b y  t h e  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  
(Student-Newman-Keuls)  . 
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temperature : 
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C by m o s q u i t o e s  r ea red  a t  h i g h  t e m p e r a t u r e s  a n d  a l l o w e d  

t o  o v i p o s i t  a t  h i g h  a i s  t e m p e r a t u r e s .  T h e s e  m o s q u i t o e s  

s h o w ~ d  a  d e p r e s s e d  number o f  e g g s ,  380 i 8 (n=2) a t  4 5  C. 

Fewer  e g g s ,  8 1 0  k 40 ( n = 2 ) ,  were l a i d  a t  40 C b y  

t h e  m o s q u i t o e s  reared a t  room tem p e r a t u r e  a n d  a l l o w e d  

t o  o v i p o s i t  a t  h i g h  a i r  t e m p e r a t u r e s .  T h e s e  m o s q u i t o e s  

a l s o  showed a d e p r e s s e d  number o f  e g g s ,  394  a 82 (n=2) 

Only  o n e  t r i a l  was d o n e  w i t h  m o s q u i t o e s  r e a r e d  a t  

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

t e m p e r a t u r e s  o f  20 C. A total o f  1061  e g g s  were 

o b t a i n e d  a t  water t e m p e r a t u r e s  of 40  C when t h e  f e m a l e s  

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

o v i p o s i t  a t  rocm t e m p e r a t u r e .  

T h e  number  o f  e g g s  f r o m  m o s q u i t o e s  r e a r e d  a n d  

a l l o w e d  t o  l a y  a t  room t e m p e r a t u r e  was d e p r e s s e d  ( f i g s .  

11 G 13)  ac b o t h  40  a n d  4 5  C. 5 2 3  5 59 (n=3)  a n d  322 + 
1 3 2  (n=3)  e g g s  r e s p e c t i v e l y  were l a i d  by t h e s e  

m o s q u i t o e s  a t  t h e  a b o v e  two  t e m p e r a t u r e s .  



A s i g r i f i c a n t  e f f e c t  of r e a r i n g  a n d  a i r  

t e m p e r a t u r e  was f o u n d  o n  t h e  number  o f  e g g s  l a i d  by A e .  - 
a e g y p t i  ( a c a l y s i s  o f  v a r i a ~ c e )  . The number o f  e g g s  

l a i d  a t  4 0  C by t h e  m o s q u i t o e s  r e a r e d  a t  h i g h  

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

t e m p e r a t u r e s  was s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  

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

o v i p o s i t  a t  room t e m p e r a t u r e  (Student-Newman-Keuls)  . 
The number  l a i d  by t h e  m o s q u i t o e s  r e a r e d  a t  room 

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

was a n  i n t e r m e d i a t e  v a l u e  b e t w e e n  t h e  a b o v e  t w o  ( f i g .  

1 3 ) .  

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

t e m p e r a t u r e s  a n d  a l l c w e d  t o  o v i p o s i t  a t  hLgh a i r  

t e m p e r a t u r e s  t o  a c h o i c e  between 30 w i t h  40  C and  4 0  

w i t h  4 5  C was s i m i l a r  ( f i g .  1 4 ,  see  a p p e n d i x  F f o r  raw 

d a t a )  t o  t h a t  f o u n d  i n  t h e  c r i g i n a l  e x p e r i m e n t s  ( s e e  

p a r t  1 o f  t h i s  s e c t i o n )  w i t h  m o s q u i t o e s  r e a r e d  a n d  

a l l o w e d  t o  o v i p o s i t  a t  room t e m p e r a t u r e .  I n  b o t h  c a s e s  

more e g g s  were l a i d  a t  t h e  lower t e m p e r a t u r e .  The 
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a c t u a l  number  o f  eggs l a i d  by t h e  m o s q u i t o e s  r e a r e d  and  

a l l o w e d  t o  o v i p o s i t  a t  h i g h  a i r  t e m p e r a t u r e s  were: 906 

+ 74 (n=2) s g g s  a t  30  C a n d  7 5  + 15  (n=2)  e g g s  a t  40 C; 

and 519 r. 4 4  (n=2) e g g s  a t  40 C a n d  1 + 1 (n=2) e g g s  a t  

45  C .  

B) c u l e x  p i p i e n s  - -  

I )  Two o v i p o s i t i o n  s i tes  a t  t h e  s a n e  

water t e m p e r a t u r e s .  

The p o s i t i o n  o f  t h e  o v i p o s i t i o n  s i t e  h a d  no 

e f f e c t s  on t h e  p r o p o r t i o n  of e g g  r a f t s  l a i d  ( f i g .  15,  

see a p p e n d i x  G f o r  raw d a t a )  a t  v a r i o u s  c o n s t a n t  w a t e r  

temperatures ( a n a l y s i s  o f  v a r i a n c e ) .  F i f t e e n  a n d  3 5  C 

were n o t  i n c l u d e d  i n  t h i s  a n a l y s i s  b e c a u s e  o n l y  4  a n d  1 0  

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

2) Two o v i p o s i t i o n  s i t e s  a t  c o n z r a s t i n g  

w a t e r  t e m p e r a t u r e s .  

T h r e e  s i g n i f i c a n t l y  d i f f e r e n t  
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(Student-Newman-KeuIs)  r e s p o n s e  g r o u p s ,  s i m i l a r  t o  

t h o s e  f o u n d  w i t h  Ae. a e g y p t i ,  were f o u n d  i~ t h e  - 
e x p e r i m e n t s  when t h e  m o s q u i t o e s  h a d  a  c h o i c e  be tween  

s i t e s  a t  d i f f e r e n t  w a t e r  t a n p e r a t u r e s  ( f i g .  1 6 ,  see 

a p p e n d i x  G f o r  raw d a t a ) .  I n  f i g .  16 t h e  d i f f e r e n c e s  

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

p a i r s  l a b e l e d  I a n d  I11 a r e  a l l  s i g n i f i c a n t l y  d i f f e r e n t  

from e a c h  o t h e r .  T h o s e  w i t h  h a t c h e d  b a r s  d e s i g n a t e  

t e m p e r a t u r e s  w h i c h  h a v e  b e e n  shown t o  be u n f a v o u r a b l e  

f o r  o v i p o s i t i o n  e v e n  when t h e r e  was  no  o p t i o n  ( f i g .  

15) . 

When t h e  l o w e r  t e m p e r a t u r e  was 1 5  C t h e  h i g h e r  

t e m p e r a t u r e  h a d  more e g g  r a f t s .  The c o m p a r i s o n s  i n  

t h i s  g r o u p  ( f i g .  1 6 ,  I) were 15 w i t h  20 C a n d  15  w i t h  

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

r a f t s  l a i d  a t  1 5  C was 0 .08  a n d  0 .92 a t  20 C w h i l e  i n  

t h e  o t h s r  c o m p a r i s o n  15 C had 0 . 0 6  a n d  35 C h a d  0.94. 

Wi th  t e m p e r a t u r e s  between 20 a n d  2 5  C ( f i g .  1 6 ,  

11) t h e  p r o p c r t i o n  of egg  r a f t s  l a i d  showed d i f f e r e n c e s  

no  g r e a t e r  t h a n  t h o s e  f o u n d  i n  t h e  e x p e r i m e n t s  w i t h  



F i g .  1 6  l4ean p r o p o r t i o n  (n=2) , w i t h  90% C I ,  
o f  t h e  t o t a l  e g g  r z f t s  l a i d  b y  
C u l e x  p i p i e n s  a t  two  s i t e s  when 
g i v e n  a  c h o i c e  be tween  water 
t e m p e r a t u r e s .  Means a n d  CI were 
r e t r a n s f o r m e d  from a n  a r c s i n  s q u a r e  
r o o t  t r a n s f o r m a t i c n .  A n a l y s i s  
i n d i c a t e s  t h r e e  d i f f e r e n t  
(Student-Newman-Keuls)  
r e s p o n s e  g r o u p s :  I; where  more 
r a f t s  a r e  l a i d  a t  t h e  h l g h s r  
t e m p e r a t u r e ,  11; where  e q u a l  
n u m b e r s  a r e  l a i d  a t  t h e  two s i tes  
snd 111; where  more r a f t s  a r e  l a i d  
a t  t h e  l o w e r  t e m p e r a t u r e .  H a t c h e d  
b a r s  d e s i g n a t e  t e m p e r a t u r e s  a t  
w h i c h  t h e  l a y i n g  of e g g  r a f t s  was 
r e d u c e d  i n  o t h e r  e x p e r i m e n t s  where  
n o  o p t i o n  b u t  t o  o v i p o s i t  a t  t h e s e  
t e m ~ e r a t u r e s  was a v a i l a b l e .  
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b o t h  s i t e s  a t  t h e  same w a t e r  t e m p e r a t u r e s .  O n l y  the 20 

wizh 25 C c o m p a r i s o n  f i t s  i n  =?his g roup .  The 

p r o p o r t i o r .  o b s e r v e d  were 0.51 a t  20 C a n d  0 .49 a t  2 5  C. 

When t h e  h i g h  t e m p e r a t u r e  was 30  C ( f i g .  16, 1x1) 

fewer e g g s  were l a i d  a t  t h e  h i g h  t e m p e r a t u r e .  The 

c o m p a r i s o n s  i n  this g r o u p  were 25 w i t h  30  C a n d  2 0  w i t h  

30 C. T h e  p r o p o r t i o n  o b s e r v e d  were 0 .82  a t  2 5  C a n d  

0 .18  a t  3 0  C a n d  0.77 a t  20 C a n d  0.28 a t  30 C.  



D i  sc u s s i o n  

A )  Aedes  a e g y p t i  - .  

The t o t a l  number o f  e g g s  l a i d  was d e p r e s s e d  a t  15 ,  

40 a n d  4 5  C i n  t h e  c o n t r o l  series. T h e o r e t i c a l l y  3000 

e g g s  c o u l d  b e  e x p e c t e d  f r o m  t h e  30 females i f  100 e g g s  

were l a i d  by e a c h  ( C h r i s t o p h e r  1 9 6 0 ,  a l s o  see PART 11) 

a n d  i f  nons o f  them d i e d  b e f o r e  o r  d u r i n g  o v i p o s i t i o n .  

A p p r o x i m a t t l y  o n e  t h i r d  o f  t h e  maximum number o f  e g g s  

( a s  s u g g e s t e d  b y  C h r i s t o p h e r s )  were l a i d  i n  t h e  

o v i p o s i t i o n  e x p e r i m e n t s  w i t h  b o t h  s i t e s  a t  t h e  same 

w a t e r  t e m p e r a t u r e s  a t  t e m p e r a t u r e s  shown t o  b e  

favourabie f o r  o v i p o s i t i o n  (Group I: 20,  25 & 30 C ;  

see f i g .  11)  . 

Low a n d  h i g h  t e m p e r a t u r e s  (Group 11: 15,  4 0  G 4 5  

C ;  see f i g .  11) c a u s e d  a  d e p r e s s i o n  i n  e g g  l a y i n g .  

P e r h a p s  t h e  f e m a l e s  I t p r e f e P  n o t  t o  l a y  a t  t h e s e  

t e m p e r a t u r e s  a n d  r e t a i n  % h e i r  e g g s .  T h e r e  was no 

s o u r c e  of food i n  t h e  e x p e r i m e n t a l  cage, s o  t h e y  

p r o b a b l y  d i e d  w i t h o u t  l a y i n g .  



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

r e s u l t s  of t h e  e x p e r i m e n t s  w i t h  t h e  two s i t e s  a t  

c o n t r a s t i n g  w a t e r  t e m p e r a t u r e s  a r e  examined.  It c a n  be 

p r e d i c t e d  t h a t  g r o u p  I t e m p e r a t u r e s  w i l l  b e  f a v o u r e d  

o v e r  g r o u p  I1 t e m p e r a t u r e s  when t h e y  a r e  p r e s e n t e d  

t o g e t h e r .  T h e s e  t e m p e r a t u r e s  are marked w i t h  h a t c h e d  

b a r s  o n  fig. 1 2 .  

Fewer  eggs were l a i d  a t  g r o u p  I1 t e m p e r a t u r e s  when 

a g r o u p  I t e m p e r a t u r e  was t h e  a l t e r n a t i v e  ( f i g .  1 2 ) .  

T h e  r e s p o n s s  shown when 1 5  C was t h e  l o w e r  t e m p e r a t u r e  

f a l l s  i n t o  t h i s  c a t e g o r y  ( f i g .  1 2 ,  I) a s  do t h e  30 w i t h  

40 C a n d  40 w i t h  4 5  C ( f i g .  12 ,  111) e x p e r i m e n t s .  I n  

t h ?  f i rst  c a s e  some e g g s  were l a i d  a t  15  C b u t  mos t  

ware l a i d  at t h e  h i g h e r  w a t e r  t e m p e r a t u r e s .  I n  t h e  

s e c o n d  c a s e  fewer e g g s  a r e  l a i d  a t  t h e  h i g h e r  w a t e r  

tem p e r a z u r e s .  

T e m p e r a t a u r e s  b e t w e s n  20 a n d  30 C ( f i g .  12 ,  11) 

were e q u a l l y  f a v o u r a b l e .  W i t h i n  t h i s  r a n g e  o f  w a t e r  

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



b e t w e e n  c h a n g e s  in u a r e r  t e m p e r a t u r e ,  a s  i n d i c a t e d  by 

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

I n  t h e  2 5  w i t h  3 5  C a n d  t h e  30  w i t h  3 5  C ( f i g .  12, 

111) e x p e r i m e n t s  t h e  m o s q u i t o e s  showed  b i a s  t o w a r d s  t h e  

l o w e r  t e m p e r a t u r e .  A l l  o f  t h e s e  t z m p e r a t u r e s  were 

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

sites a t  t h e  same w a t e r  t e m p e r a t u r e s .  F o r t y  a n d  4 5  C 

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

o n l y  t h e s e  t e m p e r a t u r e s  more e g g s  were l a i d  a t  40 C 

( f i g .  12 ,  111). T h i s  p r o v i d e s  e v i d e n c e  o f  

d i s c r i m i n a t i o n  b e t w e e n  water t e m p e r a t u r e s  that seemed  

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

w i t h  b o t h  s i t es  a t  t h e  same w a t e r  t e m p e r a t u r e s .  

T h e s e  r e s u l t s  c o r r e s p o n d  w i t h  t h o s e  o f  Hech t  

(1930). H s  f o u n d  that f e m a l e s  f a v o u r e d  a m i d d l e  r a n g e  

o f  t e m p e r a t u r e s  b e t w e e n  26  a n d  28  C ,  a n d  23 a n d  28  C 

( t a b l e  VII, A & C) . H i s  r e s u l t s  become less  c l e a r  when 

t h e  t e m p e r a t u r e  r a n g e s  almost o v e r l a p p e d  ( t a b l e  V I I ,  B) 

a l t h o u g h  21-25  C h a d  50% o f  t h e  t o t a l  number of e g g s  

l a i d .  H e c h t l s  r e s u l t s  p r e s e n t e d  h e r e  a r e  t h e  t o t a l  



TABLE V I I  

R e s u i t s  f r o m  H e c h t  (1930) . E f f e c t  o f  w a t e r  
t e m p e r a t u r e  o n  o v i p o s i t i o n  o f  Aedes a e g y p t i .  

A T e m p e r a t u r e  r a n g e  26-28 C 18-22 C 11-15 C 
t o t a l  e g g s  631  270 322 
p e r c e n t  51  % 22% 27% 

B T e m p e r a t u r e  r a n g e  30-34 C 27-29 C 21-25 C 
t o t a i  e g g s  711 886 1522 
p e r c e n t  22 % 28 X 50% 

C T e m p e r a t u r e  r ange  34-38  C 23-28 C 12-13 C 
t o t a l  e g g s  158 1058 4 50 
p e r c e n t  10% 63% 27% 



nurnbzr o f  e g g s  l a i d  i n  a series of e x p e r i m e n t s .  

S u r t e e s  (1967) a l s o  f o u n d  t h a t  t e m p e r a t u r e s  b e l o w  30 C 

were f a v o u r e d  f o r  o v i p o s i t i o n  by A e .  a e g y p t i .  

The r e s u l t s  p r e s e n t e d  h e r e  a n d  t h o s e  o f  o t h e r  

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

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

m o s q u i t c e s  uero u s e d .  

The  r e a r i n g  o f  l a r v a e  a n d  p u p a e  a t  h i g h  

t e m p e r a t u r e s ,  a n d  k e e p i n g  t h e  a i r  t e m p e r a t u r e  h i g h  whec 

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

c h a n g e  t h e  m o s q u i t o e s ' s  r e s p o n s e  t o  40 C. It was n o  

l o n g e r  a n  u n f a v o u r a b l e  t e m p e r a t u r e  f o r  o v i p o s i t i o n  a s  

t h e s e  m o s q u i t o e s  laid more  e g g s  t h a n  t h o s e  b o t h  r e a r e d  

a n d  a l l o w e d  t o  l a y  a t  room t e m p e r a t u r e .  V a r y i n g  t h e s e  

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

v a r i o u s  water t e m p e r a t u r e s .  

R e a r i n g  t h e  l a r v a e  a n d  p u p a e  a t  20 a n d  t h e n  moving 

tham t o  a i r  t e m p e r a t u r e s  o f  30 C f o r  o v i p o s t i o n  a l s o  

a p p e a r e d  t o  make 4 0  C a  more f a v o u r a b l e  t e m p e r a t u r e  b u t  



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

f a v o u r a b l e  o r  a n  u c f a v o u r a b l e  one .  A s i n g l e  e x p e r i m e n t  

w i t h  m o s q u i t o e s  t h a t  h a d  been  r e a r z d  a t  3 0  C and  

a l l o w 3 d  t o  l a y  a t  a i r  t e m p e r a t u r e s  o f  20 C showed h i g h  

o v i p o s i t i o c  a t  40 C when no c h o i c e  was a v a i l a b l e ,  i n  

c o m p a r i s o n  w i t h  t h o s e  which  were r e a r e d  and  a l l o w e d  t o  

o v i p o s i t  a t  room t e m p e r a t u r e .  

I t  seems t h a t  r e a r i n g  t e m p e r a t u r e  is more  c r i t i c a l  

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

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

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

m o d i f i e d  t h e  b e h a v i o u r  o f  t h e  m o s q u i t o e s .  More 

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

this phenomenon c a n  h e  r e a c h e d .  

When g i v e n  a c h o i c e  be tween  3 0  w i t h  40  C a n d  4 0  

w i t h  4 5  C t h e  m o s g u i t o e s  r e a r e d  a n d  a l l o w e d  t o  o v i p o s i t  

a t  h i g h  a i r  t e m p e r a t u r e s  s t i l l  s h o w e d  t h e  same  

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

room t s m p r a t u r e  ( f i g .  14)  . I n  t h e  40 w i t h  4 5  C 

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



t o  o v i p o s i t  a t  h i g h  a i r  t e m p e r a t u e s  i t  a p p e a r s  t h a t  4 5  

C i s  s t i l l  h a v i n g  a n  u n f a v o u r a b l e  ef fect  o n  t h e  

m o s q u i t o e s ,  a s  t h e  t o t a l  number o f  e g g s  l a i d  is  

d e p r e s s e d .  T h i s  a l s c  o c c u r s  i n  t h e  35 w i t h  4 5  C 

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

a t  room t e m p e r a t u r e  ( f i g .  2  111 . It a p p e a r s  t h a t  

4 5  C h a d  a n  i r r e v e r s i b l e  e f fec t  o n  some o f  t h e  

m o s q u i t o e s  a n d  t h e y  c o u l d  n o t  or  would n o t  o v i p o s i t  

when a lower wa ler  t e m p e r a t u r e  was a l s o  a v a i l a b l e .  

B)  Culex p i p i e n s  

~ x p e r i m e n t a t i o n  w i t h  C. - p i p i e n s  was more  d i f f e c u l t  

t h a n  w i t h  - Ae. a e g y p t i ,  a n d  a  l e s s  e x t e n s i v e  s t u d y  was 

d o n e  w i t h  them. V e r y  few egg  r a f t s  were o b t a i n e d  a t  1 5  

a n d  35 C. W a l l i s  (1954)  s t a t e d  t h a t  C u l e x  m o s q u i t o e s  

w i l i  n o t  o v i p o s i t  i n  w a t e r  t h a t  h a s  a  s a l t  

c o ~ c e n t r a t i o n  u n a c c e p t a b l e  t o  them. Be l l amy arid C o r b e t  

(1974)  f o u n d  r e s o r p t i o n  of e g g s  i n  C u l e x  t a r s a l i s  Coq. 

It i s  p o s s i b l e  t h a t  b z c a u s e  1 5  a n d  35 C a re  

unf a v o u r a b l e  t e m p e r a t u r e s  f o r  o v i p o s i t i o n ,  o n l y  a  few 

l a i d  r a f t s  a n d  t h e  o t h e r s  r e s o r b e d  t h e i r  e g g s  o r  d i e d  

w i t h o u t  l a y i n g .  



T h e s e  r e s u l t s  m u s t  b e  t a k e n  i n t o  a c c o u n t  when the 

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

c o n t r a s t i n g  w a t e r  t e m p e r a t u r e s  are  examined.  Tho 

r e s u l t s  i n  t h e  set where  15 C i s  t h e  l o w e r  t e m p e r a t u r e  

( f i g .  16,  I) c a n  b e  p r e d i c t e d  f r o m  t h o s e  of t h e  c o n t r o l  

series. Some egg r a f t s  were l a i d  a t  15 C b u t  mos t  were 

l a i d  a t  t h e  h i g h e r  w a t e r  t e m p e r a t u r e s .  T e m p e r a t u r e s  

b e t w e e n  20 a o d  25  C ( f i g .  16, 11) were e q u a l l y  

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

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

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

by t h e  number  o f  e g g s  r a f t s  l a i d .  

I n  t h ~  20 w i t h  30  C and 25  w i t h  30 C e x p e r i m e n t s  

(fig. 16, 111) t h s  m o s q u i t o e s  showed  b i a s  t o w a r d s  t h e  

l o w e r  t e m p e r a t u r e .  Ncns of t h e s e  t e m p e r a t u r e s  was 

u n f a v a u r a b l e  f o r  o v i p o s i t i o n  i n  e x p e r i m e n t s  where  t h e  

two s i tes  were m a i n t a i n e d  a t  t h e  same c o n s t a n t  

t e m p e r a t u r e s ,  s o  i t  a p p e a r s  t h a t  t h e  m o s q u i t o e s  were 

d i s c r i m i n a t i n g  b e t w e e n  w a t e r  t e m p e r a t u r e s  t h a t  a p p e a r e d  

e q u a l l y  f a v o u r a b l e  i n  t h e  e x p e r i m e n t s  when b o t h  s i t es  

were a t  t h e  same w a t e r  t e m p e r a t u r e s .  



H e c h t  (1930)  o b t a i r i e d  t h e  f o l l o w i n g  number o f  e g g  

r a f t s  w i t h  C .  - p i p i e n s  a t  s i t e s  m a i ~ t a i n e d  a t  t h e  

i n d i c a t e d  t e m p e r a t u r e s ;  2 a t  15 t o  17 C,  1 4  a t  2 0  t o  29 

C a n d  12 a t  30 t o  3 4  C. HE a l s o  f o u n d  a n  a v o i d a n c e  o f  

t z m p e r a t u r e s  a r o u n d  1 5  C b u t  he o b t a i n e d  a l a r g e  number 

o f  e g g  r a f t s  a b o v e  30 C which  is c o n t r a r y  t o  what was 

f o u n d  i n  this s t u d y .  H i s  water t e m p e r a t u r e s  were n o t  

well c o n t r o l l e d ,  a s  t e m p e r a t u r e s  c o u l d  v a r y  b y  7 C a n d  

h e  o n l y  r e p o r t e d  t h e  s e s u l t s  o f  o n e  e x p e r i m e n t  w i t h  C.  - 
p i  p i e n s .  h e  m i g h t  have  o b t a i n e d  d i f f e r e n t  r e s u l t s  u n d e r  

d i f f e r s n t  e x p e r i m e n t a l  c o n d i t i o n s .  

C )  G e n e r a l  D i s c u s s i o n  

There a p p e a r  t o  be two  t y p e s  o f  d i s c r i m i n a t i o n  

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

o n e  l e v e l  i n v o l v e s  t e m p e r a t u r e s  which a r e  a v o i d e d  e v e n  

when no  o t h e r  o p t i o n  i s  a v a i l a b l e .  I n  t h i s  case t h e  

m a j o r i t y  of t h e  m o s q u i t o e s  d o  n o t  o v i p o s i t .  T h e  o t h e r  

l e v e l  i n v o l v e s  w a t e r  t e m p e r a t u r e s  a t  which e g g s  w i l l  b e  

l a i d  if there i s  no c t h e r  o p t i o n ;  however i f  g i v e n  a 

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



How t h e  m o s q u i t o e s  d i s c r i m i n a t e  be tween  w a t e r  

t e m p e r a t u r e s  is  n c t  known. Warm a n d  c o l d  r e c e p t o r s  

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

a n t e n n a e  o f  - Ae. a e g y p t i  ( D a v i s  a n d  S o k o l o v e  1974) . Tha 

a c t i v i t y  of the c c l d  r e c e p t o r  was h i g h e s t  a t  2 6  C a n d  

a c t i v i t y  fo r  t h e  warm r e c e p t o r  was h i g h e s t  a t  28.5 C. 

D a v i s  and  S o k o l o v e  s q g g e s  t e d  t h a t  t h e s e  r e c e p t o r s  may 

b e  i m p o r t a n t  i n  h o s t - s e e k i n g  b e h a v i o u r ,  b u t  i t  i s  

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

e m a n a t i n g  from a  body o f  w a t e r .  The  t e m p e r a t u r e s  o f  

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

r a n g e  of t e m p e r a t u r e s  f o u n d  t o  b e  t h e  most  f a v o u r a b l e  

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

A n o t h e r  type o f  a n t a n n a l  s e n s i l l a  r e s p o n d e d  t o  

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

r a t e  ( K e l l o g g  1970)  a n d  was  c a p a b l e  o f  d e t e c t i n g  a  

s u d d e n  i n c r e a s e  of two percent i n  t h e  r e i a t i v e  

h u m i d i t y .  K e l l o g g  p o s t u l a t e d  t h a t  t h e s e  s e n s i l l a ,  a s  

well a s  some r e s p o n d i n g  t o  c a r b o n  d i o x i d e ,  c o u l d  b e  



i n v o l v e d  ir- has+-findlng; t h e s e  r e c e p t o r s  o r  s imi lar  

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

D w a r a k a a a t h  e t  a l .  (1974) f o u n d  t h a t  a f t e r  b l o o d  - - 
f e e d i n g ,  C u l e x  f a t i g a n s  f e m a l e s  r e s p o n d e d  t o  t h e  wet 

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

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

t o  t h e  d r y  s i d e .  Kennedy (1942)  f o u n d  t h a t ,  i n  more o r  

l e s s  s t i l l  a i r ,  C. p i p i e n s  f e m a l e s  were n o t  a t t r a c t e d  - 
t o  w a t e r  e i t h e r  f r o m  a b o v e  o r  f r o m  t h e  s i d e  f r o m  more 

t h a n  10 cm away. S t i l i  a i r  d o e s  n o t  n o r m a l l y  e x i s t  i n  

n a t u r e .  The  w a t e r  v a p o u r ,  which  n o r m a l l y  rises a s  i t  

is l i g h t e r  t h a n  a i r ,  e m a n a t i n g  f r o m  a body o f  w a t e r  

would  n o t  t a k e  t h e  form of a  s e r i e s  of g r a d i 2 n t . s  

r a d i a t i n g  o u t  ir. a l l  d i r e c t i o n s .  It would t a k e  t h e  

form o f  a more g e n t l e  gradient i n  o n l y  o n e  d i r e c t i o n  

a c c o r d i n g  t o  t h e  d i r e c t i o n  of l o c a l  a i r  movement 

(Kennedy 1 9 4 2 ) .  T h e  j o i n t  e f fec ts  of a c t i v a t i o n  b y  a  

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

c u r r e n t  v e r y  p r o b ~ b l y  p l a y  a n  i m p o r t a n t  p a r t  i n  

water- f i c d i a g  i n  t h e  f i e l d ,  



I n  t h e  c a g e s  u s e d  i n  t h e  l a b o r a t o r y  it i s  l i k e l y  

t h a t  t h e  m o s q u i t o e s  f o u n d  t h e  o v i p o s i t i o n  s i t e s  by 

random movEment, r a t h e r  t h a n  o r i e n t a t i o n  a l o n g  a  

m o i s t  a i r  c u r r e n t ,  b u t  i n  some c a s e s  (e .g .  Group 11 

t a m p e r a t u r e s  w i t h  Ae. a e g y p t i )  f o u n d  them u n s u i t a b l e  f o r  - 
ov i p o s i t  i o c .  

A n o t h e r  f a c t o r  which h a s  b e e n  shown t o  i n f l u e n c e  

m o s q u i t o  o v i p o s i t i o n  and t h a t  w o u l d  be i n f l u e n c e d  by 

w a t e r  t e m p e r a t u r e  i s  t h e  p r e s e n c e  of m i c r o b e s ,  and 

a s s o c i a t e d  c h e m i c a l  c u e s ,  p a r t i c u l a r l y  t h o s e  from 

b a c t e r i a  ( R o b e r t s  a n d  H s i  1977 ) .  D i s t i i i e d  water was 

used  i n  t h e  o v i p o s i t i o n  e x p e r i m e n t s  b u t  t h e  s i t es  were 

n o t  s t e r i l e .  The  r a n g e  o f  t e m p e r a t u e s  which are  

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

m i c r o b i a l  g rowth .  ~ n v e s t i g a t i o n  o f  t h i s  phenomenon 

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

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

r e s p o n d i n g  t o  w a t e r  t e m p e r a t u r e .  

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

t e m p e r a t u r e s  f o r  o v i p o s i t i o n  c a n  b e  d e f i n e d .  Ae. - 
a e g y p t i  f a v o u r s  t e m p e r a t u r e s  b e t w e e n  2 0  a n d  30  C w h i l e  



C. p i p i e a s  i s  more r e s t r i c t e d  a n d  f a v o u r s  t e m p e r a t u r e s  - 
b e t w e e n  20 a n d  25 C. 

It h a s  been  s u g g e s t e d  t h a t  a r t i f i c i a l  p o o l s  c o u l d  

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

d i s e a s e - c a r r y i n g  m o s q u i t o e s  ( B e l t o n  1967;  S m i t h  & J o n e s  

1 9 7 2 ) .  I t  h a s  been f o u n d  t h a t  c v i p o s i t i o n  s u r v e y s  

o f f e r  an e c o c o m i c ,  r a p i d  a n d  s e n s i t i v e  me thod  f o r  

d e t e r m i n i n g  t h e  p r e s e n c e  o f  - A e .  a e g y p t i  a d u l t s  in t h e  

f i e l d  (Fay C E l i a s o n  1 9 6 6 ) .  

The knowledge  o f  t h i s  f a v o u r a b l e  r a n g e  o f  water 

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

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

some p o t e n t i a l  for  u s i n g  t e m p e r a t u r e  i n  a n  i n t e g r a t e d  

c o n t r o l  progam: p o s s i b l y  a t t r a c t i v e  o v i p o s i t i o n  s i tes  

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

Many v o l a t i l e  c h e m i c a l s  h a v e  been f o u n d  which a r e  

a t t r a c t i v e  t o  s p e c i f i c  s p e c i e s  o f  m o s q u i t o ,  e.g. Plu l l a  

e t  a l .  ( 1970) .  They s u g g e s t  t h a t ,  by u s i n g  t h e s e  
'- - 
v o l a t i l e s ,  o v i p o s i t i o n  may be  i n t e n s i f i e d  i n  a  p o r t i o n  



o r  in p o r t i o ~ s  of the breeding area where t h e  e g g s  o r  

l a r v a e  c o u l d  b e  e l i m i n a t e d  by o r h e r  means. T h e s e  

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

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

r a n g e  of water t e m p e r a t u r e s ,  a s  d e t e r m i n e d  f o r  t h e  

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

c o n t r o l  m e a s u r e s .  



SUMMARY A N D  CONCLUSIONS 

T h i s  f i n a l  s e c t i o n  i s  d e v o t e d  t o  t h e  s y n t h e s i s  of 

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

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

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

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

p rogram.  Many p o i n t s  h a v e  been  d i s c u s s e d  i n  t h e  

i n d i v i d u a l  s e c t i o n s  so o n l y  t h e  c o n c l u s i o n s  w i l l  b e  

c o n s i d e r e d  h e r e .  

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

a d u l t  i n  b o t h  s p e c i e s  o f  mosqu i to .  The s u r v i v a l  o f  Ae. 

a e g y p t i  was h i g h  b e t w e e n  20 a n d  3 5  C w h i l e  t h e  s u r v i v a l  

o f  C. p i p i e n s  was  h i g h  be tween  15 a n d  32.5 C.  A s  - 

e x p e c t e d ,  Be. - a e g y p t i  s u r v i v e s  a t  h i g h e r  t e m p e r a t u r e s  

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

t e m p e r a t u r e s  t h a n  Ae. - a e g y p t i .  

A d u l t  s i z e ,  a s  measured  by f r e s h  w e i g h t  and  wing  

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

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



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

The two  s p e c i e s  d i f f e r e d  i n  t h e  way i n  w h i c h  m a l e s  a n d  

f e m a l e s  were i n f l u e n c e d  by r e a r i n g  t e m p e r a t u r e .  T h e r e  

was a g r e a t e r  c h a n g e  Ln t h e  s i z e  o f  t h e  f e m a l e s  t h a n  i n  

m a l e s  w i t h  Ae. a e g y p t i  w h e r e a s  C .  p i p i e n s  m a l e s  a n d  - - 
f e m a l e s  r e s p ~ n d e d  s i m i l a r l y .  T h e  c h a n g e  i n  r a t e  o f  

d e v e l o p m e n t  d u e  t o  t e m p e r a t u r e  was d i f f e r e n t  f rom the 

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

two  s p e c i e s .  The r a t e s  o f  d e v e l o p m e n t  o f  t h e  two s e x e s  

o f  Ae. - a f g y p t i  c h a n g e d  b y  t h e  same amount  i n  r e s p o n s e  

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

r a t e s  of male  C.  p i p i e n s  c h a n g e d  more t h a n  t h a t  - 
o f  f e m a l e s .  

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

s i z e  of i m a g o  a n d  f e c u n d i t y  ( f o r  Ae. - a e g y p t i  o n l y ) ,  t h e  

t fopt imumtt  t e m p e r a t u r e  f o r  A e .  - a e g y p t i  was 25 C ,  w h e r e a s  

f o r  C. p i p i e n s  i t  was 20 C.  A r a t i n g  s y s t e m  was u s e d  - 
t o  c a l c u l a t e  t h e s e  o p t i m a  a n d  t h e  c a l c u l a t i o n s  a r e  

shown i n  t a b l e  V I I I .  The  a b o v e  p a r a m e t e r s  were g i v e n  

r a t i r g s  a t  e a c h  t e m p e r a t u r e  d e p e n d i n g  upon t r e n d s  

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



TABLE V I I I  

~ e t e r m i n a t i o n  of a n  "optimum" t e m p e r a t u r e  
a e g y p t i  a n d  C. p i p i e n s  by t a k i n g  t h e  prod 
r a t i n g s  a s i g n e d  t o  t h e  l i s t e d  p a r a m e t e r s .  

l a r g e s t  p r o d u c t  i n d i c a t e s  the most f a v o u  
t e m p e r a t u r e .  T h i s  is  a n  a r b i t r a r y  r a t i n g  

a n d  t h e  p r o d u c t s  c a n  n o t  b e  c o m p a r e d  b e t  

for Ae. 
. u c t  of 

The 
r a b l e  
s y s t e m  
ween . --- 

s p e c i e s .  

R a t i n g s  o f  P r o d u c t s  o f  
T e m p e r a t u r e  S u v i v a l  R a t e  S i z e  F e c u n d i t y  1 x 2 ~ 3  1 x 2 ~ 3 ~ 4  

d e v e l o p -  

Ae. a e g y p t i  - 

C. p i p i e n s  - 



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

t h e  l a r g e s t  i s  c a l l e d  t h e  woptimumlt .  

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

d e v e l o p m e n t  of t h e s e  two s p e c i e s ,  it i s  l i k e l y  t h a t  t h e  

"opt imal1  d e t e r m i n e d  b y  t h e  a b o v e  c r i t e r i a  is w i t h i n  t h e  

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

~ e c u n d i t y  o f  A e .  a e g y p t i  f e m a l e s  was a f f e c t e d  by - 
t e m p e r a t u r e  o f  r e a r i n g .  A decrease i n  f e c u n d i t y  was 

o b s e r v e d  i n  f e m a l e s  r e a r e d  f r o m  20 t o  35 C which was 

c o r r e l a t e d  w i t h  a  d e c r e a s e  i n  s i z e .  M o s q u i t o e s  r e a r e d  

a t  15 C l a i d  f e w e r  e g g s  t h a n  t h o s e  r e a r e d  a t  2 0  C .  

T h i s  was a t t r i b u t e d  t o  a  l a c k  of h a r d i n e s s  a s  s i z e  was 

n o t  a n  a p p a r e E t  f a c t o r .  

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

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

e f f e c t s  o n  t h e  males, a l t h o u g h  n o  d i r e c t  t e s t s  were 

d o n e  o n  t h e  m a l e s .  No a n o m a l o u s  d e v e l o p m e n t  a p p e a r e d  

t o  o c c u r ,  as  t h e  m a j o r i t y  o f  t h e  females d e v e l o p e d  a n d  

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



o f  m a t i n g .  

O v i p o s i t i o n  of m o s q u i t o e s  c a n  be  m o d i f i e d  by t h e  

t e m p e r a t u r e  o f  t h e  w a t e r .  A t  e x t r e m e l y  hFgh a n d  low 

w a t e r  t e m p e r a t u r e s  b o t h  s p e c i e s  of m o s q u i t o e  showed 

r e d u c e d  o v i p o s i t i o n  when no  o t h e r  o p t i o n  was  a v a i l a b l e .  

A e .  a e g y p t i  f o u n d  15, 40,  and  4 5  C u n f a v o u r a b l e  f o r  - 
o v i p o s i t i o n  ard few e g g  r a f t s  were l a i d  by  C. p i p i e n s  - 
a t  15 a n d  35 C. T h e  r e s p o n s e  of  A e .  a e g y p t i  t o  h i g h  - 
t e m p e r a t u r e s ,  s p e c i f i c a l l y  40 C ,  i s  m o d i f i e d  b y  t h e  

t e m p e r a t u r e  a t  w h i c h  t h e  m o s q u i t o e s  were r e a s e d  a n d  t h e  

a i r  t e m p e r a t u r e  a t  which o v i p o s i t i o n  o c c u r r e d .  More 

e g g s  were l a i d  a t  4 0  C when t h e  m o s q u i t o e s  h a d  b e e n  

r e a r e d  a t  h i g h  w a t e r  t e m p e r a t u r e s  o r  when t h e  a i r  

temperature was h i g h  d u r i n g  o v i p o s i t i o n .  R e a r i n g  

t e m p e r a t u r e  a p p e a r e d  more c r i t i c a l  t h a n  a i r  t e m p e r a t u r e  

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

When 

o v i p  

q i v e n  a  c h o i c e  b e t w e e n  water t e m p e r a t u r e s  f o r  

o s i t i o n ,  Ae. a e g y p t i  f a v o u r e d  w a t e r  t e m p e r a t u r e s  ~- 
b e t w e e n  20  a n d  3 0  C.  w h e r e a s  C. p i p i e n s  f a v o u r e d  water - 
t e m p e r a t u r e s  b e t w e e n  20 a n d  25 C. T h e s e  t e m p e r a t u r e  



r a n g e s  o v e r l a p  w i t h  t h e  r e a r i n g  t e m p e r a t u r e s  t h a t  were 

f 'optimumW f o r  e a c h  s p e c i e s  a s  d e f i n e d  by  t h e  c r i t e r i a  

m e a s u r e d  i r  t h i s  s t u d y .  ~ o t h  s p e c i e s  f a v o u r  w a t e r  

t e m p e r a t u r e s  f o r  o v i p o s i t i o n  i n  a  s m a l l e r  r a n g e  o f  

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

When s u r v i v a l ,  d e v e l o p m e n t  time, s i z e ,  a n d  f e c u n d i t y  

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

which would g i v e  them a l a rge  p o p u l a t i o n  i n c r e a s e  i n  a  

s h c r t  time. 

B o t h  s p e c i e s  o v i p o s i t e d  a t  t e m p e r a t u r e s  

u n f a v o u r a b l e  f o r  s u r v i v a l  when n o  o t h e r  o p t i o n  was  

a v a i l a b l e .  An a t t r a c t i v e  o v i p o s i t i o n  s i t e  c o u l d  be  

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

when t h e  r a n g e  of t e m p e r a t u r e s  m o s t  f a v o u r a b l e  f o r  

o v i p o s i t i o n  m i g h t  n o t  b e  p r e s e n t  i n  t h e  f i e l d .  



A P P E N D I X  A 

s u r v i v a l  o f  Aedes  a e g y p t i  (L.) from l a r v a  t o  a d u l t  
a t  v a r i o u s  c o n s t a n t  t e m p e r a t u r e s - - r a w  d a t a .  

T e m p e r a t u r e  C 
10 
12.5 
15 
20 
25 
30 
32.5 
35 
37.5 
40 

Number s u r v i v i n g  o u t  of 50 
0 0 0 0 
0 0  0  0 

28 1 9  20 14 
45 4 2  35 4 8  
38 47 48 47 
50 43 40 50 
44 4 1 37 46 
4'5 48 46 48  
14 28 28 12 

0 0 0 0 



APPENDIX B 

S u r v i v a l  o f  C u l e x  p i p i e n s  L. f r o m  l a r v a  t o  a d u l t  
a t  v a r i o u s  c o n s t a n t  t e m p e r a t u r e - - r a w  d a t a .  

T e m p e r a t u r e  
10 
12.5 
15 
20 
25 
30 
32.5 
35 
37.5 
40 

Number s u r v i v i n g  o u t  o f  50 
0 0 1 2 

30 39 20 28 
42 46 44 35  
50 45 50 50 
35 44 33 3 1 
42 4 1  43 45 
38 29 38 4 5  

8 4 5 12 
0 0 0 0 
0 0 0 0 



APPENDIX C 

Eggs  o v i p o s i t e d  by A e d e s  a e g y p t i  (L.)  r e a r e d  a t  
v a r i o u s  c o n s t a n t  t e m p e r a t u r e s .  Z e r o s  ( n o  e g g s  l a i d )  

a n d  m i s s i n g  v a l u e s  (wing L e n g t h s  ) are  
d e s i g n a t e d  by --. (An * i n d i c a t e s  t h a t  t h e  f e m a l e  

d i e d  before t h e  end  of t h e  test. When r e t a i n e d  
e g g s  were f o u n d  t h e y  a r e  r e p o r t e d  i n  b r a c k e t s  a f t e r  

t h e  number o f  e g g s  l a i d . )  

T e m p e r a t u r e  C 

R e a r i n g  T e m p e r a t u r e  Male Present 

Eggs L a i d  

Wing L e n g t h s  o f  f e m a l e s  which  l a i d  t h e  a b o v e  e g g s  



APPENDIX C c o n t i n u e d  

Room Temperature Male Present  ~ u r i n g  O v i p o s i t i o n  

Eggs L a i d  

Wing L e n g t h s  o f  females w h i c h  l a i d  t h e  a b o v e  e g g s  
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APPENDIX D 

Number o f  e g g s  l a i d  by A e d e s  a e g y p t i  (L.) fernaies a t  two 
s i t e s  m a i n t a i n e d  a t  t h e m e  c o n s t a n t  t e m p e r a t u r e s  

T e m p e r a t u r e  C 

T e m p e r a t u r e  C 



APPENDIX E 

Number o f  eggs l a i d  by  Aedes a e g y p t i  (L . )  a t  
two s i t e s  m a i n t a i n e d  a t  v a r i o u s  constant 

water t e m p e r a t u r e s .  

T e m p e r a t u r e  P a i r s  C 

T e m p e r a t u r e  P a i r s  C 

T e m p e r a t u r e  P a i r s  C 



APPENDIX F 

Number o f  e g g s  l a i d  by A e d e s  a e g y p t i  (L.)  reared a n d  
I a l i o w e d  t o  o v i p o s i t  a t  v a r i o u s  a l r  t e m p e r a t u r e s  

a t  t w o  s i t e s  m a i n t a i n e d  a t  v a r i o u s  c o n s t a n t  
w a t e r  t e m p e r a t u r e s  

R e a r i n g  t e m p e r a t u r e  30 C A i r  T e m p e r a t u r e  30 C 

Water T e m p e r a t u r e  P a i r s  C 

R e a r i n g  t e m p e r a t u r e  20  C A i r  T e m p e r a t u r e  30 C 

Water T e m p e r a t u r e  P a i r s  C 

R e a r i n g  t e m p e r a t u r e  30 C A i r  T e m p e r a t u r e  2 0  C 

Water T e m p e r a t u r e  P a i r s  



APPENDIX G 

Number o f  e g g  r a f t s  l a i d  b y  culex p i p i e n s  L. 
a t  two s i tes  m a i n t a i n e d  a t  v a r i o u s  c o n s t a c t  

water t e m p e r a t u r e s .  

Water T e m p e r a t u r e  P a i r s  C 

Water T e m p e r a t u r e  P a i r s  C 

W a t e r  T e m p e r a t u r e  P a i r s  C 
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