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I n  two v i l l a g e s  on t h e  n o r t h  c o a s t  of t h e  i s l a n d  of B a l i ,  I n d o n e s i a ,  
among t h e  known m a l a r i a  v e c t o r s ,  Anopheles sunda icus  predominated i n  
ou tdoor  c a t c h e s ,  b u t  was comple te ly  a b s e n t  from indoor  n o c t u r n a l  l and ing  
c a t c h e s .  T h i s  s p e c i e s  was a l s o  most p r e v a l e n t  i n  l agoons ,  e s p e c i a l l y  
d u r i n g  t h e  d r y  season .  I n  morning i n d o o r  r e s t i n g  c a t c h e s ,  a s  w e l l  a s  i n  
c a t t l e  s h e l t e r s ,  An. s u b p i c t u s  outnumbered a l l  o t h e r  s p e c i e s  i n  
two c o a s t a l  v i l l a g e s  and one r i ce -g rowing  v i l l a g e .  I n  t h e  i n l a n d  
v i l l a g e ,  a b o u t  3  km from b r a c k i s h  w a t e r  impoundments, n e i t h e r  An. sunda icus  
n o r  m a l a r i a  was r e c o r d e d ,  b u t  An. a c o n i t u s  occur red  th roughout  the  y e a r ,  
a l o n g  w i t h  An. s u b p i c t u s .  However, monthly m a l a r i a  r a t e s  were h i g h  i n  
v i l l a g e s  i n  t h e  c o a s t a l  a r e a s  i n  t h e  p rox imi ty  of  r i c e - f i e l d s  where t h e  
t h r e e  m a l a r i a  v e c t o r s  were d o n c u r r e n t l y  p r e s e n t  throughout  t h e  y e a r .  
I n  t h e  d r y  s e a s o n ,  high a d u l t  and l a r v a l  d e n s i t i e s  of bo th  An. sunda icus  
and An. s u b p i c t u s  u s u a l l y  began t o  d e c l i n e  i n  June t o  J u l y  a f t e r  DDT house 
s p r a y i n g ,  bu t  f u r t h e r  r e d u c t i o n  depended upon weekly l a r v i c i d i n g  w i t h  
d i e s e l  o i l .  DDT r e s i d u a l  s p r a y i n g  toward t h e  end of t h e  r a i n y  season  
appears  t o  be more e f f e c t i v e  i f  i n t e n s t v e  weekly l a r v i c i d i n g  w i t h  d i e s e l  
o i l  i s  c o n c u r r e n t l y  c a r r i e d  o u t .  

1. INTRODUCTION 

I n  t h e  c o a s t a l  a r e a s  of  many i s l a n d s  of  I n d o n e s i a ,  i n c l u d i n g  Java  and B a l i ,  
Anopheles  sunda icus  i s  known t o  be t h e  main v e c t o r  of  m a l a r i a .  I t  b reeds  i n  lagoons and 
b r a c k i s h  w a t e r  impoundments, e s p e c i a l l y  d u r i n g  t h e  d r y  s e a s o n ,  a s  they become s u i t a b l e  
b r e e d i n g  s i t e s  due t o  sand banks c r e a t e d  by t h e  a c t i o n  of waves and/or h i g h  t i d e  
(Sundararaman e t  a l . ,  1957) .  I n  some of t h e  c o a s t a l  a r e a s ,  a r t i f i c i a l  f i s h  ponds a r e  a l s o  
common i n  which An. sunda icus  and An. s u b p i c t u s  b reed  c o n c u r r e n t l y .  

Along t h e  c o a s t a l  r e g i o n s  i n  t h e  p rov ince  of  B a l i ,  m a l a r i a  i s  patchy i n  d i s t r i b u t i o n  and 
p r e v a l e n c e .  The monthly i n c i d e n c e  of  m a l a r i a  does  no t  appear  t o  be c l o s e l y  r e l a t e d  t o  
s e a s o n a l  r a i n f a l l  a s  t h e r e  a r e  more c a s e s  of m a l a r i a  a t  t h e  end of t h e  r a i n y  season though 
some occur  th roughout  t h e  y e a r .  T h i s  s e a s o n a l  peak needs e x p l a n a t i o n ,  i n  view of t h e  f a c t  
t h a t  An. sunda icus  i s  known t o  be more abundant  d u r i n g  the  d r y  months. There  i s  very l i t t l e  
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r a i n  i n  most of t h e  c o a s t a l  a r e a s  from Hay t o  September and t h e  number of m a l a r i a  c a s e s  i s  
a p p r o x i m a t e l y  40-502 of t h a t  d u r i n g  t h e  r a i n y  months. I t  was r e a l i z e d  t h a t  f i e l d  s t u d i e s  
were  needed on t h e  eco logy  of  lagoon-breeding v e c t o r  s p e c i e s  a s  r e l a t e d  t o  m a l a r i a  
t r a n s m i s s i o n ,  and on t h e  impact of the  a p p l i c a t i o n  of l a r v i c i d a l  o i l  a s  p r a c t i s e d  i n  t h e  
n a t i o n a l  m a l a r i a  c o n t r o l  programmes (Arwati  & Kesava lu ,  1980) .  

I n  view of t h e  above,  f i e l d  s t u d i e s  were c a r r i e d  out1 o v e r  a  13-month p e r i o d ,  s t a r t i n g  i n  
A p r i l  1980,  i n  t h r e e  v i l l a g e s  sp rayed  wi th  a 75% DDT w a t e r - d i s p e r s i b l e  powder (wdp) formula- 
t i o n  and where a n t i - l a r v a l  o i l  was a p p l i e d .  The purpose was t o  de te rmine  t h e  g e o g r a p h i c a l  
d i s t r i b u t i o n  and s e a s o n a l  abundance of  anophe l ine  v e c t o r s  and t o  r e l a t e  t h i s  t o  m a l a r i a  
t r a n s m i s s i o n .  

2.  EVALUATION AREA 

The t h r e e  v i l l a g e s  s e l e c t e d  f o r  e v a l u a t i o n  a r e  i n  t h e  Bule leng  regency ,  p rov ince  of  B a l i  
(8  ' 0 5 ' ~  - 1 1 5 ° 0 0 ' ~ ) ,  and a r e  l o c a t e d  i n  t h e  n o r t h e r n  c o a s t  of  t h e  i s l a n d  (F ig .  1 ) .  The 
m a j o r i t y  o f  t h e  p o p u l a t i o n  a r e  o f  t h e  B a l i  Hindu r e l i g i o n ,  and t h e i r  main o c c u p a t i o n s  a r e  
a g r i c u l t u r e  and f i s h i n g .  Near ly  10% of tQe l a n d  i n  t h e  regency i s  used f o r  r i c e  c u l t i v a t i o n .  
The c l i m a t e  i s  t r o p i c a l  w i t h  a  d r y  season  u s u a l l y  l a s t i n g  from May t o  October  (F ig .  2 ) .  

A s  i n  o t h e r  p a r t s  of B a l i ,  a n  a n t i m a l a r i a  c o n t r o l  programme h a s  been o p e r a t i n g  s i n c e  
1960,  i n c l u d i n g  f o c a l  DDT r e s i d u a l  s p r a y i n g  twice  a  y e a r ,  a l o n g  w i t h  t h e  a p p l i c a t i o n  o f  d i e s e l  
o i l  i n  lagoons and o t h e r  b r a c k i s h  w a t e r  impoundments (F ig .  2 ) .  There  a r e  a b o u t  85 a c t i v e  
l a g o o n s  i n  t h e  regency ,  n e a r l y  40% o f  a  t o t a l  of  225 on t h e  i s l a n d .  Annual u s e  o f  a n t i -  
l a r v a l  o i l  d u r i n g  1979 t o  1981 amounted t o  2-300 000 1, whereas D D T ~  consumption was abou t  
1 0  t o n s  (approximately  40% of  t o t a l  used i n  t h e  p rov ince)  t o  c o v e r  o n l y  a b o u t  10% o f  t h e  t o t a l  
number of houses .  During 1978 t o  1980, o v e r  30% of  a l l  m a l a r i a  c a s e s  i n  B a l i  o c c u r r e d  i n  t h e  
B u l e l e n g  regency and s l i d e  p o s i t i v e  r a t e s  (SPR) have been t h e  h i g h e s t ,  r a n g i n g  from 1.4% i n  
1977 t o  3.1% i n  1980. The s u s c e p t i b i l i t y  of  An. sunda icus  o r  An. s u b p i c t u s  t o  i n s e c t i c i d e s  
h a s  n o t  been determined i n  B a l i ,  though i n  Java  t h e s e  same v e c t o r  s p e c i e s  a r e  r e p o r t e d  t o  be  
h i g h l y  r e s i s t a n t  t o  DDT and d i e l d r i n  (Soerono e t  a l . ,  1965).  

The t h r e e  v i l l a g e s  e v a l u a t e d  were the  £01 lowing: 

( a )  Sanih.  The v i l l a g e  i s  l o c a t e d  18 km e a s t  of  t h e  Bule leng  regency c a p i t a l ,  
S i n g a r a d j a .  I t  i s  s i t u a t e d  on the  c o a s t  wi th  many lagoons ,  b u t  t h e r e  a r e  no nearby 
r i c e - f i e l d s .  

(b )  Kalibukbuk. The v i l l a g e  i s  abou t  9  km w e s t  of  S i n g a r a d j a .  It i s  a l s o  s i t u a t e d  on 
t h e  c o a s t ,  b u t  t h e r e  a r e  i r r i g a t e d  r i c e - f i e l d s  a s  w e l l  a s  lagoons i n  t h e  a r e a .  

( c )  R i n g d i k i t .  Th i s  v i l l a g e  i s  abou t  25  km west  of S i n g a r a d j a  and 3 km i n l a n d  from t h e  
c o a s t  a t  an  e l e v a t i o n  o f  abou t  100 m. The a r e a  i s  h i l l y  w i t h  i r r i g a t e d  and t e r r a c e d  
r i c e - f i e l d s .  

3 .  METHODS 

I n  each of  t h e  t h r e e  s e l e c t e d  v i l l a g e s ,  r o u t i n e  en tomolog ica l  c o l l e c t i o n s  were c a r r i e d  o u t  
t w i c e  a  month f o r  13 months ( A p r i l  1980 t o  A p r i l  1981) a s  f o l l o w s :  

( a )  indoor  and ou tdoor  l and ing  c a t c h e s  f o r  each of  two f i x e d  houses  by two c o l l e c t o r s ,  
each  exposed from 18:OO t o  22:OO h ;  

(b )  c o l l e c t i o n  of  mosqui tos  r e s t i n g  i n  and around t h r e e ' c a t t l e  s h e l t e r s  by one s c o u t ,  
15  minutes  pe r  hour  from 18:OO t o  22:00 h ;  

I n  c o l l ? b o r a t i o n  wi th  t h e  P r o v i n c i a l  Hea l th  S e r v i c e s  of  B a l i  
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( c )  indoor r e s t i n g  ca t ches  i n  10 f ixed  houses by one s c o u t ,  L5 minutes/house, dur ing  
morning hours  between 08:OO and 10:00 h ;  

(d) l a r v a l  d ipp ing  i n  a t  l e a s t  two lagoons and/or r i c e - f i e l d s ,  50 d ips /a rea .  Samples 
of c o l l e c t e d  l a rvae  and pupae were reared  t o  the  a d u l t  s t a g e  f o r  i d e n t i f i c a t i o n  s i n c e  i n  
t h e i r  i m t u r e  s t a g e s  An. sundaicus and An. subpic tus  cannot be r e a d i l y  d i s t i ngu i shed  
morphological ly  . 
To determine the  f l i g h t  range of An. sundaicus from t h e i r  b reed ing  h a b i t a t s ,  seven 

c o l l e c t i o n  s i t e s  (houses and c a t t l e  s h e l t e r s )  were s e l e c t e d  a t  d i s t a n c e s  of 50 ,  150, 250,  350, 
450,  550 and 750 m along the  upper s t ream of a  r i v e r  ad jo in ing  the  Sanih lagoon. During the  
months of December 1980 through August 1981, 12-25 r o u t i n e  n igh t  outdoor  l and ing ,  n i g h t  and 
morning r e s t i n g  c o l l e c t i o n s  were c a r r i e d  ou t  a t  these  t r a n s e c t  s i t e s .  

The malar ia  SPRs used i n  t he  p r e sen t  e v a l u a t i o n  were those  determined from both a c t i v e  
and pass ive  case  d e t e c t i o n s  by p rov inc i a l  malar ia  c o n t r o l  programmes, about  two-thirds  of t he  
s l i d e s  being from the  former. Approximately 90% of the  ca se s  were i n f e c t e d  wi th  
Plasmodium vivax and the  remainder with P. fa lciparum. 

4 .  RESULTS 

4.1 D i s t r i b u t i o n  of anophel ine spec i e s  

During a  per iod  of 12 months (May 1980 t o  A p r i l  1981),  a  t o t a l  of 10 anophel ine s p e c i e s  
were i d e n t i f i e d  from t h e  t h r e e  eva lua t i on  v i l l a g e s ;  numbers of each spec i e s  caught  va r i ed  
w i th  each v i l l a g e  and c o l l e c t i o n  method (Table 1 ) .  More spec i e s  were c o l l e c t e d  from the  
c o a s t a l  v i l l a g e  with r i c e - f i e l d s  (Kalibukbuk) than i n  t he  o t h e r  two l o c a l i t i e s ,  and by 
noc tu rna l  r e s t i n g  c o l l e c t i o n s  i n  c a t t l e  s h e l t e r s  than i n  the  noc tu rna l  l anding  o r  indoor 
morning r e s t i n g  ca tches  i n  houses. I n  t he  two c o a s t a l  v i l l a g e s  (Sanih and Kalibukbuk), 
An. sundaicus predominated among malar ia  vec to r s  i n  t he  noc turna l  l anding  c o l l e c t i o n s ,  whereas 
i n  both t he  n igh t  and morning r e s t i n g  ca t ches  An. subpic tus  was most numerous. I n  t he  i n l and  
v i l l a g e  (Ringdik i t )  An. a c o n i t u s  was t he  most abundant spec i e s  i n  the  n igh t  l anding  c a t c h e s ,  
followed by An. vagus which a l s o  predominated i n  t h e  noc tu rna l  r e s t i n g  ca t ches  i n  c a t t l e  
s h e l t e r s .  

Table 1 a l s o  shows the  r e s u l t s  of l a r v a l  and pupal c o l l e c t i o n s  made by d ipping  methods. 
As i n  t he  a d u l t  d i s t r i b u t i o n ,  An. sundaicus was l im i t ed  t o  c o a s t a l  a r e a s  and An. subp ic tu s  
was c o l l e c t e d  i n  both t he  lagoon and r i c e - f i e l d  a r ea s .  Throughout t he  per iod  of  e v a l u a t i o n ,  
l a r v a l  d e n s i t i e s  of Anopheles were c o n s i s t e n t l y  h ighe r  i n  Sanih (35/dip) than i n  Kalibukbuk 
(26/dip)  and Ringdik i t  (2 l /d ip) .  Anophelines comprised nea r ly  80% of t he  t o t a l  intmatures 
c o l l e c t e d  from the  Sanih and Kalibukbuk lagoons,  compared t o  68% i n  r i c e - f i e l d s  i n  Ringdik i t .  
On the  average ,  t h e r e  were 0.7-0.9 pupa per  d ip .  The propor t ion  of pupae c o l l e c t e d  i n  
lagoons was l e s s  than  2% of t o t a l  immatures a s  compared t o  near ly  3% i n  r i c e - f i e l d s .  

4.2 F l i g h t  d i s t ance  

I n  a l l  c o l l e c t i o n  methods, more anophel ine mosquitos were caught a t  t he  s i t e  (50 m) 
n e a r e s t  t o  the  breeding lagoon (Table 2 ) .  There was no An. sundaicus p r e sen t  a t  750 m 
except  i n  the morning indoor r e s t i n g  c o l l e c t i o n s .  The numbers c o l l e c t e d  a t  t he  f i v e  s i t e s  
between 150 and 550 m were almost t he  same, bu t  much lower than a t  s i t e s  near  t he  lagoon. 
I n  outdoor landing ca t ches ,  the  number of An. sundaicus exceeded t h a t  of An. subpic tus  a t  a l l  
t r a n s e c t  c o l l e c t i o n  s i t e s  extending from the  lagoon t o  550 m. A t  750 m ,  t he  number of 
An. subpic tus  was a l s o  cons iderab ly  lower than t h a t  c o l l e c t e d  a t  s i t e s  nea re r  t he  lagoon,  but 
d i f f e r e n c e s  between those a t  the  near-lagoon s i t e s  and ad j acen t  s i t e s  (150-550 m) were no t  a s  
marked i n  An. sundaicus.  



l 4.3 S e a s o n a l  p reva lence  

S a n i h .  F i g ,  3 shows t h e  comparison between monthly a d u l t  and l a r v a l  d e n s i t i e s  of  
An. s u n d a i c u s ,  the  e f f e c t  o f  r a i n f a l l  and t h e  u s e  of d i e s e l  o i l .  The l a r v a l  d e n s i t i e s  were 
much h i g h e r  th roughout  t h e  d r y  months even w i t h  t h e  use  o f  o i l  (F ig .  3 A ) .  The average  l a r v a l  
d e n s i t y  of  An. sunda icus  f o r  t h r e e  d ry  months (Nay-July 1980) w i t h o u t  t h e  a p p l i c a t i o n  of  o i l  
was 58 l a r v a e / d i p ,  approx imate ly  76% h i g h e r  than  t h a t  f o r  f o u r  d r y  months (August-November 1980) 

t when o i l  was used (33 l a r v a d d i p ) .  The d i p p i n g  i n d i c e s  began t o  d e c l i n e  a s  t h e  r a i n y  season 
s t a r t e d  i n  November. L a r v a l  d e n s i t i e s  of  An. s u h p i c t u s  were n o t  s u f f i c i e n t l y  h i g h  f o r  monthly 

' comparison.  

S e a s o n a l  changes  i n  t h e  number of a d u l t  mosqui tos  c o l l e c t e d  fol lowed c l o s e l y  the  l a r v a l  
i n d i c e s  (F ig .  3 B ) .  However, t h e  s e a s o n a l  d e c l i n e  i n  t h e  number of a d u l t s  began much e a r l i e r  
than  t h e  d e c l i n e  i n  l a r v a l  d e n s i t i e s ,  s t a r t i n g  from middle of t h e  d r y  season  (August 1980) and 
was most p robab ly  due t o  DDT r e s i d u a l  s p r a y i n g  c a r r i e d  o u t  i n  J u l y  t o  August.  The lower 
d e n s i t i e s  con t inued  t o  A p r i l  1981, which appeared t o  be due t o  r a i n f a l l  and t h e  DDT s p r a y i n g  
i n  December 1980 t o  January  1981, fol lowed by t h e  i n c r e a s e d  u s e  of  l a r v i c i d a l  o i l .  The 
s e a s o n a l  change i n  An. s u b p i c t u s  d e n s i t i e s  was found t o  be t h e  same a s  f o r  An. s u n d a i c u s ,  
e x c e p t  t h a t  t h e  former  s p e c i e s  was p r e s e n t  a t  a  lower l e v e l  th roughout  t h e  r a i n y  season .  

S e a s o n a l  changes  i n  a d u l t  d e n s i t i e s  of An. sunda icus  and An. s u b p i c t u s  were r e f l e c t e d  i n  
the monthly m a l a r i a  s l i d e  p o s i t i v e  r a t e ,  i . e .  a  h i g h e r  SPR (11.7%) i n  t h e  e a r l y  d r y  season  
(May 1 9 8 0 ) ,  and then  g r a d u a l l y  f a l l i n g  t o  0.65% i n  November a s  d e n s i t i e s  c o n t i n u e d  t o  d e c l i n e  
( F i g .  2 ) .  A t  t h e  o n s e t  of  t h e  r a i n y  season  i n  t h e  l a t e r  p a r t  of November, t h e  SPR i n c r e a s e d  
t o  2.52% i n  December and con t inued  t o  be  h i g h  throughout  t h e  1981 r a i n y  months,  d u r i n g  which 
t h e  a v e r a g e  female  d e n s i t y  of  An. sunda icus  d i d  n o t  exceed o n e - t h i r d  of t h a t  i n  t h e  d r y  months 
(Table  3 ) .  

Kalibukbuk. Unl ike  i n  t h e  Sanih lagoon a r e a ,  An, sunda icus  was a lmost  a b s e n t  i n  t h e  wet 
s e a s o n ,  b u t  t h e r e  was no d i f f e r e n c e  i n  t h e  n o c t u r n a l  c a t c h e s  of An. s u b p i c t u s  between the  d ry  
and wet s e a s o n s  (Tab le  3 ) ,  probably due t o  t h e  b r e e d i n g  of t h i s  s p e c i e s  i n  a d j a c e n t  i r r i g a t e d  
r i c e - f i e l d s .  I n  t h e  d r y  months ( A p r i l  t o  October)  , however, t h e  average  l a r v a l  index  f o r  
An. s u n d a i c u s  was abou t  s i x  t imes h i g h e r  than  f o r  An. s u b p i c t u s ;  compared t o  S a n i h ,  i t  was 
seven  t imes h i g h e r .  I n  c o n t r a s t ,  An. s u b p i c t u s  outnumbered An. sunda icus  i n  a l l  t h e  a d u l t  
c o l l e c t i o n s .  Larva l  d e n s i t i e s  of An. sunda icus  were more d i r e c t l y  r e l a t e d  t o  t h e  d r y  season 
than  i n  t h e  c a s e  of An. s u b p i c t u s ,  and were more a f f e c t e d  by t h e  u s e  of o i l  ( F i g .  4 ) .  As i n  
S a n i h ,  t h e  r e s t i n g  c a t c h e s  (morning and n i g h t )  of  both An. sunda icus  and An. s u b p i c t u s  were 
reduced g r a d u a l l y  a f t e r  DDT s p r a y i n g  i n  J u l y  t o  August 1980 (F ig .  4A). However, r e d u c t i o n  of 
t h e  An. s u b p i c t u s  popu la t ion  l a s t e d  on ly  abou t  two t o  t h r e e  months u n t i l  t h e  r a i n y  season 
s t a r t e d .  The p o p u l a t i o n  d e c l i n e d  a g a i n  a s  t h e  u s e  of o i l  i n c r e a s e d  and DDT was sprayed i n  
J a n u a r y  t o  February 1981. Likewise ,  t h e  monthly SPR d e c l i n e d  from 16.77, i n  September t o  6.5% 
i n  November and t o  1 .8% i n  January  1981. T h e r e a f t e r ,  t h e  SPR was z e r o  f o l l o w i n g  t h e  DDT 
t r e a t m e n t  i n  January  t o  February though An. s u b p i c t u s  d e n s i t i e s  con t inued  t o  be r a t h e r  h igh  
( F i g .  4A). The average  SPR f o r  s i x  d r y  months (May t o  October)  was n e a r l y  6.7%, abou t  
4.8 t i m e s  h i g h e r  t h a n  i n  t h e  s i x  wet months a s  compared t o  1.8 t imes i n  Sanih (Table  3 ) .  
The a v e r a g e  d r y  season  d e n s i t y  of  An. a c o n i t u s  r e s t i n g  i n  c a t t l e  s h e l t e r s  was a l s o  h i g h  
(3 .4  females/man-hour),  abou t  f i v e  t imes h i g h e r  than f o r  t h e  wet months. During t h e  r a i n y  
s e a s o n ,  t h e  An. a c o n i t u s  p o p u l a t i o n  was l e s s  than one femaldman-hour  i n  a l l  t h e  a d u l t  c a t c h e s .  

R i n g d i k i t .  I n  t h i s  i n l a n d  v i l l a g e ,  t h e  wet season was two months l o n g e r  than  t h e  d ry  
s e a s o n  (Tab le  3 ) .  A DDT r e s i d u a l  s p r a y i n g  was c a r r i e d  o u t  on ly  once i n  August 1980,  and no 
o i l  was used.  The l a r v a e  of bo th  An. a c o n i t u s  and An. s u b p i c t u s  were p r e s e n t  i n  i r r i g a t i o n  
d i t c h e s  th roughout  the  13-month e v a l u a t i o n  p e r i o d .  The average  index  f o r  An. a c o n i t u s  was 
l e s s  than  0 .5  l a r v a / d i p ,  t h e  same f o r  t h e  d r y  and wet seasons', whereas t h a t  f o r  An. s u b p i c t u s  
( 3  - 6  l a r v a e / d i p )  f o r  t h e  wet months was four  t imes h i g h e r  than  f o r  the  d r y  months (Table  3 ) .  

I n  a l l  the  a d u l t  c a t c h e s ,  t h e  numbers of An. s u b p i c t u s  and An. a c o n i t u s  were much h igher  
than  i n  Kalibukbuk (Table  1 ) .  The n o c t u r n a l  l and ing  r a t e s  f o r  An. a c o n i t u s  were abou t  
f i v e  t imes ( 2 0  females/man-hour) h i g h e r  than  f o r  An. s u b p i c t u s  b-rs were 



i n s u f f i c i e n t  f o r  s e a s o n a l  comparison (Table- 3 ) .  R e s t i n g  d e n s i t i e s  of  bo th  An. a c o n i t u s  and 
An. s u b p i c t u s  show two peaks:  one  d u r i n g  t h e  e a r l y  d r y  season  (May t o  J u l y )  and t h e  o t h e r  i n  
December f o r  An. s u b p i c t u s  and J a n u a r y  f o r  An. a c o n i t u s  (Pig .  5 ) .  I t  a p p e a r s  t h a t  t h e  lower 
d e n s i t i e s  observed d u r i n g  August t o  November were due t o  t h e  DDT t r e a t m e n t  w h i l e  t h e  d e c l i n e  
d u r i n g  February t o  March 1981 was t h e  r e s u l t  of heavy r a i n f a l l  which began i n  December 1980. 
I n  R i n g d i k i t ,  t h e r e  were no m a l a r i a - p o s i r i v e  s l i d e s  o u t  o f  291 examined d u r i n g  t h e  e v a l u a t i o n  
p e r i o d  a s  compared t o  3.35% (18/538) i n  Kalibukbuk and 2.66% (79/2967) i n  San ih .  

5. DISCUSSION 

Among m a l a r i a  v e c t o r s  i d e n t i f i e d  i n  t h e  two c o a s t a l  v i l l a g e s  s t u d i e d ,  An. sunda icus  
predominated i n  t h e  n o c t u r n a l  o u t d o o r  l a n d i n g  c o l l e c t i o n s ,  fol lowed by An. s u b p i c t u s  (Tab le  3 ) .  
An. sunda icus  was l i m i t e d  t o  c o a s t a l  a r e a s ,  whereas An. s u b p i c t u s  h a s  a  wider  d i s t r i b u t i o n  
e x t e n d i n g  t o  i n l a n d  r i c e - f i e l d  a r e a s  (Tab le  1 ) .  An. sunda icus  i s  t h e  pr imary v e c t o r  of 
m a l a r i a  i n  v a s t  c o a s t a l  a r e a s  of Sou th-Eas t  As ia  from the  s t a t e  of  O r i s s a ,  I n d i a ,  t o  t h e  e a s t  
c o a s t  o f  former Indoch ina  and eas tward  t o  Timor I s l a n d ,  Indones ia  (Soerono e t  a l . ,  1965) ,  an  
a r e a  w i t h  a  human p o p u l a t i o n  of rough ly  15-20 m i l l i o n .  E a r l i e r  s t u d i e s  show t h a t  i n  Java  t h e  
s p o r o z o i t e  r a t e  i n  t h i s  s p e c i e s  was sometimes unusua l ly  h i g h  (Gandahusada & Sumarlan,  1978) ,  
r a n g i n g  from 46.4% i n  Brengkok, E a s t  J a v a ,  i n  1934, t o  0.26% i n  Purworedjo regency 
(Sundararaman e t  a l . ,  1957) .  I n  a l o c a l i t y  o f  South Su lawes i ,  t h e  s p o r o z o i t e  r a t e  was 0.07% 
and t h e  p a r a s i t e  rate  arnong c h F l d r e n  (two t o  n i n e  y e a r s  o l d )  was 34% ( C o l l i n s  e t  a l .  , 1979) .  

I n  t h e  Sanih lagoon v i l l a g e ,  An. sunda icus  was h i g h l y  a n t h r o p o p h i l i c  b u t  comple te ly  
a b s e n t  i n  i n d o o r  l and ing  c o l l e c t i o n s  c a r r i e d  o u t  i n  s e v e r a l  houses  by two c o l l e c t o r s  f o r  
t h r e e  d r y  months. Chow (1970) r e p o r t e d  t h a t  i n  Malays ia  and cambodial An. sunda icus  b i t i n g  
t a k e s  p l a c e  more o f t e n  o u t d o o r s  t h a n  i n d o o r s ,  w i t h  a  r a t i o  of  2.5:l.O. The r a t i o  observed i n  
1960 i n  Semarang, C e n t r a l  J a v a ,  was 1.6: 1.0 (Soerono & Muir,  1962).  I n  Sanih v i l l a g e ,  t h e  
a v e r a g e  indoor  r e s t i n g  d e n s i t y  f o r  t h e  d r y  months was 13.4  females/man-hour, which i s  a s  h i g h  
a s  t h a t  found a t  n i g h t  i n  c a t t l e  s h e l t e r s  (Table  3 ) ,  and s i m i l a r  t o  t h a t  i n  unsprayed v i l l a g e s  
i n  t h e  s o u t h  c o a s t  of C e n t r a l  J a v a  i n  1955-1956 (Sundararaman e t  a l . ,  1957).  This marked 
exophagic  behav iour  on t h e  c o a s t l i n e  of B a l i  does  n o t  s u p p o r t  t h e  h y p o t h e s i s  of  a  r e p e l l e n t  
e f f e c t  from DDT s p r a y i n g  (Soerono e t  a l . ,  1 9 6 5 ) ,  nor  do t h e  c o n s i d e r a b l y  h i g h  indoor  r e s t i n g  
i n d i c e s  (Table  1 ) .  Of 263 i n d o o r  r e s t i n g  females  c o l l e c t e d  from S a n i h ,  70.3% were parous  a s  
compared t o  66.7% i n  Kalibukbuk. 

I n  Kalibukbuk v i l l a g e ,  surrounded by r i c e - f i e l d s  a long  w i t h  l agoons ,  t h e  d r y  season  
( s i x  months) was one month s h o r t e r  t h a n  i n  S a n i h ,  and monthly SPRs were h i g h e r  d u r i n g  t h e  d ry  
months (Table  3 ) .  I n  t h i s  c o a s t a l  v i l l a g e ,  a d u l t  and l a r v a l  d e n s i t i e s  of An. s u b p i c t u s  and 
An. a c o n i t u s  were c o n s i d e r a b l y  h i g h e r  than  those  of  An. sunda icus  (Fig .  4 ) .  I n  t h e  i n l a n d  
v i l l a g e  of R i n g d i k i t ,  bo th  An. s u b p i c t u s  and An. a c o n i t u s  were more abundant  (Table  l )  b u t  no 
m a l a r i a  was recorded  nor An. sunda icus  c o l l e c t e d  d u r i n g  t h e  e n t i r e  e v a l u a t i o n  p e r i o d  (Table  3) 
Al though An. sunda icus  i s  known t o  f l y  a s  f a r  a s  6 km (Gandahusada & Sumarlan, 1 9 7 8 ) ,  the  most 
common d i s p e r s a l  range a p p e a r s  t o  be  w i t h i n  1 km from t h e  b reed ing  h a b i t a t  (Tab le  2 ) .  I n  the  
p r e s e n t  s t u d y ,  no An. sunda icus  were caugh t  i n  n o c t u r n a l  ou tdoor  l and ing  c o l l e c t i o n s  a t  750 m 
from t h e  lagoon i n  Sanih.  

I t  was n o t  p o s s i b l e  t o  a c c u r a t e l y  de te rmine  s e a s o n a l  p reva lence  of  m a l a r i a  v e c t o r s  i n  t h e  
p r e s e n t  s t u d i e s  a s  they  were c a r r i e d  o u t  i n  two c o a s t a l  and one i n l a n d  v i l l a g e  w i t h  d i f f e r e n t  
e n v i r o n s  and where d i f f e r e n t  a n t i - a n o p h e l i n e  measures were a p p l i e d  f o r  m a l a r i a  c o n t r o l  
( F i g .  l ) .  I n  g e n e r a l ,  bo th  a d u l t  and l a r v a l  d e n s i t i e s  u s u a l l y  i n c r e a s e d  a t  t h e  beg inn ing  of 
t h e  d ry  season  ( F i g s .  3 and 4 ) .  The s e a s o n a l  d e c l i n e  a l s o  occur red  u s u a l l y  a f t e r  DDT 
s p r a y i n g ,  a s ,  f o r  example,  i n  Sanih i n  1980,  where both a d u l t  and l a r v a l  d e n s i t i e s  of 
An. sunda icus  were reduced by n e a r l y  100% (F ig .  3 ) ,  fo l lowed by over  a  90% r e d u c t i o n  of t h e  
SPR (F ig .  2 ) .  However, when weekly a p p l i c a t i o n  of o i l  was n o t  i n t e n s i v e l y  c a r r i e d  o u t ,  a s  i n  
Kalibukbuk i n  1980, l a r v a l  d e n s i t i e s  of An. sunda icus  were s l i g h t l y  a f f e c t e d  and consequen t ly  
the  SPR i n c r e a s e d  a f t e r  a  temporary r e d u c t i o n  due t o  DDT s p r a y i n g  (F ig .  &B). When DDT 

Former name f o r  Democratic Kampuchea. 
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s p r a y i n g  and weekly o i l  a p p l i c a t i o n  were made c o n c u r r e n t l y  towards  t h e  end of  t h e  r a i n y  season  
i n  January  t o  February 1981,  t h e r e  was no s e a s o n a l  i n c r e a s e  i n  t h e  a n o p h e l i n e  p o p u l a t i o n  and 
SPR, u n l i k e  t h a t  which occur red  a t  t h e  beg inn ing  of  t h e  1980 d r y  season  ( F i g s .  3  and 4 ) .  

d 

I n  t h e  t h r e e  e v a l u a t i o n  v i l l a g e s ,  An. s u b p i c t u s  was an u b i q u i t o u s  s p e c i e s .  Larvae were 
found i n  b r a c k i s h  wa te r  a s  w e l l  a s  i n  c l e a r  unshaded i r r i g a t i o n  c h a n n e l s ,  While p r i m a r i l y  

l z o o p h i l i c ,  i t  b i t e s  man, e s p e c i a l l y  when t h e r e  i s  a  l a r g e  number of  An. s u b p i c t u s  i n  t h e  
absence  of c a t t l e .  R e c e n t l y ,  t h i s  s p e c i e s  was recorded  a s  a n  impor tan t  v e c t o r  o f  m a l a r i a  on 
F l o r e s  I s l a n d  where t h e  s p o r o z o i t e  r a t e  was about .0 .38% o f  2916 An. s u b p i c t u s  d i s s e c t e d  from 
February  1981 t o  February 1982 (V. H .  Lee, p e r s o n a l  communication, 1983) .  Along t h e  c o a s t a l  
a r e a  of  s o u t h - e a s t e r n  I n d i a ,  t h i s  s p e c i e s  i s  t h e  most p r e v a l e n t  a n o p h e l i n e  s p e c i e s  c o l l e c t e d  
i n  i n d o o r  n i g h t  l and ing  and r e s t i n g  c a t c h e s  (P .  K.  Ra jagopa lan ,  p e r s o n a l  communication, 1982) .  
During t h e  m a l a r i a  epidemic i n  c o a s t a l  v i l l a g e s  n e a r  Pondicher ry  i n  1981, o o c y s t s  (0.85%) and 
s p o r o z o i t e s  (0.07%) were found i n  6133 d i s s e c t e d  An. s u b p i c t u s .  
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Species  

An. sundaicus 
An. subpic t u s  
An. acon i tu s  

An. i n d e f i n i t u s  
An. vagus 
An. a n n u l a r i s  
An, t e s s e l a t u s  

An. kochi  
An. b a r b i r o s t r i s  
An. m. f l a v i r o s t r i s  

TABLE 1. ADULT AND LARVAL DENSITIES OF SEVERAL MOWJITO SPECIES DETERMINGD BY 
DIFFERENT METHODS OF COLLECTION I N  TidREE VILLAGES I N  SINGARADJA, BALI, INDWESLA _ 

(MEAN NO./MAN-HOUR FOR 28 COLLECTIONS FROM APRIL 5980 TO APRIL 1981) 

l Sanih Kalibukbuk { - Ringdiki  t I 

a - Outdoor landing c o l l e c t i o n s  made from 18:00 t o  22:OO h ;  mean No. feslale/100 man-hours. 
b - Night r e s t i n g  c o l l e c t i o n s  made i n  c a t t l e  s h e l t e r  from 18:OO t o  22:00 h ;  No. fernaldman-hour. 
C - Morning r e s t i n g  c o l l e c t i o n s  made i n  10 houses of each v i l l a g e  from 08:W TO 10:OO h ;  No. female/man-hour. 
d - Biweekly d ippings  ; mean No. l a r v a d d i p ;  50 d i p s ,  twicdmonth.  (Larvae der ived  from rea red  a d u l t s  .) 

Night 
a 

landing- 

83.2 
1.4 
0 

0.4 
0 

0.9 
0 

0 
0 
0 

Night  
r e s t i n g  

7.8 
24.4 

0 

8 .5  
34.7 

3.1 
3.3 

0.7 
0.1 
0 

Night 
l a n d i n g  

4.3 
0.9 
1.4 

0.4 
0.9 
5.3 
0 

0 
0 
0 .4  

Night a 
landing-  

0 
4.8 

2 1.6 

3.3 
17.3 

1.4 
0.9 

0.9 
0.4 
1.4 

Indoor 
c 

r e s t i n g  

7.2 
8 .5  
0 

1.6 
1.5 
0 
0 

0 
0 
0.2 

N i g h t b  
r e s t i n g  

0.7 
48.8 

1.9 

14.1 
232 .0 

33.8 
8.9 

3.9 
4.0 
0.9 

d 
Larvae- 

26.0 
3.9 
0 

0.9 
4.8 
0.2 
0 

0 . 1  
0 
0 

N 1 & t  
r e s t i n g -  

0 
155.8 
47.1 

30.0 
388.5 
94.1 
12.5 

8.1 
7.4 
3.4 

Indoor c 
resting-- 

0.3 
12.5 - 

Q. 2 

2.7 
3.2 
0.1 
0.1 

0.1 
0.1 
0.1 

d 
L a r v a e  

11.4 
1.9 
0 

0.9 
10.2 
1.1 
0.3 

0.1 
0.2 
0.1 

Indoor 
r e s t i n g -  c 

0 
27.8 

0.6 

3.6 
0.5 
0 
0.1 

0 
0 . 1  
0 

d 
L a r v a e  

0 
2 . 6  
0.6 

1.4 
9 .O 
4.9 
0 .1  

0.3 
2 . 2  
o 
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T A B L E  2 .  h'L1FLBERS OF FEMALE AN.  S U K D A I C C S  AND AN. SUBPICTUS COLLECTED 
AT SEVEN DIFFERENT SITES I N  TRANSECT FROM THE SANIH L A G O O ~  

b  - D i s t a n c e  of s i t e  from lagoon expressed  i n  m.  

C v l l e c  t i o n  
method 

Night  l a n d i n g  
( o u t d o o r s )  

Morning r e s t i n g  
( i n d o o r s )  

Nigh t  r e s t i n g  i n '  
c a t t l e  s h e l t e r s  

a  - Mean f o r  12-32 c o l l e c t i o n s  made from December 1980 through August 1981. 

Anopheles 
s p e c i e s  

sunda icus  
I s u b p i c t u s  

sunda icus  
s u b p i c t u s  

sunda icus  
s u b p i c t u s  

b  
S i t e s  i n  t r a n s e c t  from lagvorr- 

50 

0.7 
0 .1  

17.2 
8 .6  

4.1' 
31.3 

150 

0 . 1  
0 . 1  

0 . 4  
6.2 

0.2 
7.7 

2 50 

0 . 4  
0 .1  

0 . 4  
6.2 

1.7 
29.6  

3  50 

0  
0 .1  

0 .3  
5.2 

0  
18.4  

450 

0.2 
0.1 

0 .6  
9 .6  

0.7 
24.2 

5  50 

0 . 1  
0 

1.2 
8 . 2  

0 . 4  
15.6 

7  50 

0  
0 

0 .7  
3  .O  

0  
1.2 



TABLE 3 .  COMPARISON OF ADULT AND LARVAL D E N S I T I E S  OF THREE MALARIA VECTOR S P E C I E S  
AND SLIDE POSLTIVE RATES BETWEEN THE DRY AND RAINY SEASON I N  THREE VILLAGES 

b - An. aconi tus .  
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FIG.  1. AREAS EVALUATED IN THE PROVWCE OF BALI 

= A r e a s  where d i e s e l  o i l  
w a s  u s e d  a s  l a r v i c i d e  

F IG .  2 .  SLIDE POSITIVE RATES I N  RELATION TO RAINFALL, 
USE OF DIESEL O I L  AND DDT SPRAYING, SANIH 
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FIG. 3 .  SEASONAL CHANGES I N  ADULT AND LARVAL D E N S I T I E S  OF 
ANOPHELES SUNDAICUS I N  RELATION TO RAINFALL AND USE OF 

D I E S E L  O I L  I N  LAGOONS, S A N I H  



W ~ % O / V K C / ~ ~  .885 
page 12 

F I G .  4 .  MONTHLY D E N S I T I E S  OF ADULTS AND LARVAE O F  AN. S U B P I C T U S  
A N D  OF LARVAE O F  _AN. SUNDAICUS I N  RELATION TO R A I N F A L L ,  USE OF 

D I E S E L  O I L  AND S L I D E  P O S I I ' I V E  R A T E ,  KALIBUKBUK 
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FIG. 5. MONTHLY DENSITIES OF AN. SLTBPICTUS AND AN. ACONITUS 
RESTING IN CATTLE SHELTERS, RINGDIKIT 


