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The ecology of  _An. acon i tu s  was s tud i ed  f o r  a year  i n  an i n l and  a r e a  near  
Semarang, Cen t r a l  Java,  i n  prepara t ion  fo r  a  Stage V ( v i l l a g e  s c a l e )  t r i a l  of 
a l t e r n a t i v e  i n s e c t i c i d e s  t o  DDT. 

Two An. acon i tu s  peaks were found, t he  major one i n  March-April and t h e  o ther  
i n  August-September. Most An. aconi tus  were a t t r a c t e d  t o  animals, mainly water 
bu f f a lo  and c a t t l e ,  and r e a d i l y  en tered  animal sheds t o  feed on them. While 
An. aconi tus  p re fe r r ed  b i t i n g  man i n  t h e  f i r s t  ha l f  of t h e  n ight ,  a major i ty  were 
found i n  animal sheds i n  t h e  second ha l f  of t h e  night .  Resul t s  from p r e c i p i t i n  
t e s t s  showed An. a con i tu s  t o  be highly zoophi l ic  with 93.5% feeding on animals and 
only 6.5% feeding on man. 

An. acon i tu s  was a l s o  found t o  be highly exophil ic .  T o t a l  daytime c o l l e c t i o n s  
y i e lded  only low percentages i n  houses and animal sheds compared t o  high numbers 
r e s t i n g  outdoors along stream banks and i r r i g a t i o n  d i tches .  

R i c e f i e l d s a n d  t h e i r  ex tens ive  adjacent  i r r i g a t i o n  d i t ches  a r e  probably t h e  most 
product ive l a r v a l  breeding p laces  al though An. aconi tus  were a l s o  found breeding 
i n  streams. The spec i e s  was highly r e s i s t a n t  t o  DDT but very s u s c e p t i b l e  t o  
f e n i t r o t h i o n  and malathion. 
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INTRODUCTION 

An. aconi tus  i s  t he  m i n  malaria  vector  i n  t h e  inland i r r i g a t e d  a r e a s  of Java with 
e x t e n s i v e  r i c e  c u l t i v a t i o n  and i t  t ransmi ts  malaria  most of t h e  year  (Sundararaman e t  a l . ,  
195 7). A s  a  r e s u l t  of i n s e c t i c i d e  app l i ca t i ons  during t h e  malaria  e r ad i ca t ion  campaign, 
An. a c o n i t u s  developed r e s i s t a n c e  t o  DDT i n  t h e  rice-growing a reas  of Cen t r a l  Java.  I n  
Yogyakarta Province DDT and d i e l d r i n  r e s i s t a n c e  was f i r s t  repor ted  by Soerono e t  a l .  (19651, 
whi le  widespread r e s i s t a n c e  t o  DDT i n  Cent ra l  Java was repor ted  i n  1973-74 by O'Connor 6 
~ r w a t i . '  This  was r e f l e c t e d  i n  t he  outbreaks of malaria  near Semarang and elsewhere i n  
C e n t r a l  J ava  i n  1973-74; thus  t h e  search f o r  a l t e r n a t i v e  i n s e c t i c i d e s  f o r  e f f e c t i v e  c o n t r o l  
of  t h e  ma la r i a  vector  has become a paramount necess i ty .  Verdrager & Arwati (1975) c a r r i e d  out 
p a r a s i t o l o g i c a l  and entomological s t ud i e s  i n  East and Cen t r a l  Java and found no convincing 
evidence t h a t  DDT appreciably reduced malaria  t ransmission.  Consequently, a  WHO r e sea rch  u n i t  
i n  c o l l a b o r a t i o n  with t he  Indonesian Ministry of Heal th was e s t ab l i shed  i n  Semarang t o  t e s t  
a l t e r n a t i v e  i n sec t i c ides  on a  v i l l a g e  s c a l e  (Stage V). 

Observat ions on t h e  ecology of An. aconi tus  i n  t h e  c e n t r a l  and e a s t e r n  provinces of Java 
8 were made by Sundararaman e t  a l .  (1957) and Chow e t  al. (1960). Recently S e l f  e t  a l .  (1976) 

c a r r i e d  out  s imi l a r  i nves t iga t ions  i n  f i v e  l o c a l i t i e s  i n  West Java. Addit ional  information 
' 

from o t h e r  a r ea s  on t h e  ecology of t h i s  spec i e s  i s  needed i n  o rde r  t o  develop the  most 
s u i t a b l e  con t ro l  techniques. I n  view of t h e  proposed v i l l a g e  s c a l e  t r i a l s  of a l t e r n a t i v e  
i n s e c t i c i d e s ,  a  one-year s tudy was c a r r i e d  out  during 1975-76 i n  Cen t r a l  Java  near  Semarang. 

THE STUDY AREA 

The study area  was loca ted  i n  t h e  southern f o o t h i l l s  of Mount Ungaran a t  an e l eva t ion  
of  300-460 m, 20-25 km south of Semarang c i t y .  The c l imate  i s  warm and humid throughout t h e  
year .  Monthly maximum and minimum temperatures ranged between 28.6-33.g°C and 18.1-22.g°C 
r e s p e c t i v e l y  and t h e  r e l a t i v e  humidity was between 65-82% during t h e  s tudy period. R a i n f a l l  
f o r  one yea r  amounted t o  about 3000 mm wi th  t h e  maximum recorded from January t o  March and 
t h e  minimum from June t o  August. 

A t y p i c a l  v i l l a g e  (Desa) c o n s i s t s  of about e igh t  hamlets (Kampungs) surrounded by 
cons ide rab l e  vegeta t ion  and t r e e s ,  and 500 houses mainly d ispersed  on 5 km2 of open r i c e  f i e ld s .  
Except f o r  a  few which have b r i ck  o r  concre te  wal l s ,  v i r t u a l l y  a l l  houses a r e  made of wood o r  
matted bamboo wal l s  with c l ay  t i l e d  roofs .  

Agr i cu l tu re  i s  t h e  main occupation of t h e  populat ion,  t h e  major c rop  being r i c e .  The 
a r e a  i s  surrounded b y r i c e f i e l d s  most of t h e  year and i s  c r i s sc ros sed  by streams and r i v u l e t s .  
A network o f  i r r i g a t i o n  systems r egu la r ly  feeds  water t o  t h e r i c e f i e l d s  and i n  a r ea s  with a  
good system, people grow a s  many a s  f i v e  r i c e  crops i n  two years .  Thus, throughout t h e  
year  paddy p l an t s  can be seen a t  a l l  s t ages  from seedl ings  t o  f u l l y  matured p l an t s  and 
An. acon i tu s  breeds continuously. 

From nursery t o  preharves t ing  s t age  (about four months), r i c e  grows i n  well-watered s o i l .  
F i e l d s  a r e  divided i n t o  p l o t s  by e s t a b l i s h i n g  d ikes  t o  maintain water more o r  l e s s  a t  t h e  same 
l eve l .  The water should e i t h e r  flow or  be re f reshed  regular ly .  Rice f i e l d s  a r e  ploughed and 
allowed t o  weather fo r  t h r e e  t o  four  weeks before  t ransplan t ing .  Seedlings a r e  t r ansp l an t ed  
i n  rows wi th  about 10 cm between each seed l ing  and 10-15 cm between each row. Weeding i s  
usua l ly  done two and s i x  weeks a f t e r  t ransplan t ing .  Green f e r t i l i z e r  o r  manure i s  appl ied  
during p repa ra t ion  of t h e  s o i l  and phosphate i s  appl ied  j u s t  be fo re  o r  rightaftertransplanting. 
N i t r a t e  i s  used a f t e r  each weeding and p e s t i c i d e s ,  mainly diazinon,  a r e  used t o  c o n t r o l  pes t s .  

House spraying i n  t he  a r e a  f o r  malaria  c o n t r o l  was c a r r i e d  out with DDT a t  a  t a r g e t  dosage 
of  2 g/m2 annual ly from 1960 t o  1964 and aga in  from 1970-1976. 



EKTOMDLDGICAf, STUDY METHODS 

Two v i l l a g e s ,  Lerep and Bergas Kidul, l oca t ed  4-5 km a p a r t  were v i s i t e d  every 15 days f o r  
t h e  fol lowing entomological observat ions:  

All-night  man-bit ing c o l l e c t  ions  ( 1800-0600 h) 

Indoor b i t i n g  c o l l e c t i o n s  were made i n  two houses and outdoor c o l l e c t i o n s  u sua l ly  on two 
verandahs. One b a i t  c o l l e c t o r  was posted a t  each sit'e and each c o l l e c t e d  mosquitos landing 
on h i s  legs ,  Co l l ec to r s  worked i n  s h i f t s  of two hours (one outdoor,  one indoor)  and one hour 
of r e s t  and were r o t a t e d  between the  s i t e s  t o  provide per iods  of r e s t  and minimize b i a s  due t o  
c o l l e c t o r  e f f i c i ency .  

All-night  c o l l e c t i o n s  i n  animal sheds ( 1800-0600 h )  

Co l l ec t i ons  of r e s t i n g  mosquitos were made i n  two animal sheds each having c a t t l e  o r  
water  buffalo.  Co l l ec t i on  was l imi t ed  t o  t h e  f i r s t  15 minutes of  each hour, s i n c e  on some 
occasions hundreds of mosquitos ( o t h e r  anophelgnes and a l s o  c u l i c i n e s )  would be c o l l e c t e d  i n  a 
r e l a t i v e l y  s h o r t  time, A l l  mosquito specimens c o l l e c t e d  were immediately counted and 
i d e n t i f i e d  i n  a f i e l d  labora tory  i n  t h e  v i l l a g e .  The An. a c o n i t u s  females were d i s s e c t e d  and 
t h e  parous condi t ion  determined, normally by examining the  o v a r i e s  f o r  t h e  presence o r  absence 
of t r acheo la r  skeins.  I n  i n s t ances  where t he  ova r i e s  were a l r eady  i n  l a t e  Stage I1 o r  
Stage 111, f o l l i c u l a r  d i l a t a t i o n s  were checked. 

Co l l ec t i on  of daytime r e s t i n g  mosquitos (0700-0900 h )  

Three mosquito c o l l e c t o r s  i n  houses and two i n  animal sheds searched f o r  r e s t i n g  
mosquitos continuously f o r  t h e  two hours but spent  only 15 minutes i n  each house o r  animal 
shed. Therefore, i n  one morning 24 houses and 16 sheds were v i s i t e d .  For outdoor r e s t i n g  
mosquitos, t h r ee  t o  f i v e  c o l l e c t o r s  spent two hours each during t h e  same per iod  searching  
numerous s i t e s  along s t ream banks and i r r i g a t i o n  d i t ches  and i n  shady vege t a t i on  i n  and around 
each study hamlet. These specimens were i d e n t i f i e d ,  d i s s e c t e d  f o r  parous cond i t i on  and 
c l a s s i f i e d  a s  t o  abdominal s tages .  

Larval  c o l l e c t i o n s  (0700-0900 h)  

Larval  c o l l e c t i o n s  were made i n  a l l  types of h a b i t a t s  i n  and around study hamlets by 
seven c o l l e c t o r s  using whi te  enamel. dippers  ( capac i ty  0.47 l i t r e s )  wi th  about 1-1/2 m wooden 
ex tens ion  handles. Only t h i r d  and four th  i n s t a r  l a rvae  were counted and i d e n t i f i e d .  

I 
P r e c i p i t i n  test 

Blood-fed specimens of An. acon i tu s  c o l l e c t e d  during daytime r e s t i n g  c o l l e c t i o n s  were 
smeared on f i l t e r  paper and forwarded f o r  a n a l y s i s  t o  D r  P. F. L. Boreham, Imper ia l  College 
F i e ld  S t a t i o n ,  Ascot, Berks, England. 

S u s c e p t i b i l i t y  t e s t s  

The WHO method was used i n  determining t h e  s u s c e p t i b i l i t y  of An. acon i tu s  a d u l t s  t o  
s eve ra l  i n sec t i c ides .  A l l  mosquitos t e s t e d  were blood fed and had been c o l l e c t e d  from animal 
s h e l t e r s  t h e  previous night .  

RESULTS 

Adult d e n s i t i e s  and seasonal  f l u c t u a t i o n s  

Man-biting d e n s i t i e s  of An. aconi tus  ranged between 1.5 and 16.1 per  man n ight  indoors  
and between 3.5 and 58.8 per man night  outdoors. Night-time animal shed d e n s i t i e s  ranged 
from 10.0 f o  83.5. per c o l l e c t o r  n ight .  The animal s h e l t e r s  probably would have produced 



somewhat more mosquitos i f  c o l l e c t i o n s  continued f o r  t h e  whole hour r a t h e r  than only 15 minutes 
p e r  hour .  Although An. aconi tus  was recorded a l l  through t h e  yea r ,  two peak periods were 
observed .  The major peak was observed i n  March-April and t h e  small  one i n  August-September 
(Tab le  1) .  These peaks of prevalence of An. aconi tus  occurred when the, r i c e  p l an t s  were a t  
t h e  ha rves t i ng  s tages.  

Daytime r e s t i n g  d e n s i t i e s  were lower i n  indoor s i t u a t i o n s  i n  houses and animal sheds than  
i n  outdoor s i t e s .  Of t h e  t h r e e  types of r e s t i n g  p laces  searched,  houses y ie lded  the  smal les t  
number of An. aconi tus ,  t h e  dens i ty  throughout t h e  year never exceeding one per  man hour. 
D e n s i t i e s  ranged from 0.04 t o  0.58 per man hour i n  houses, from 0.50 t o  9.67 per man hour i n  
an imal  sheds and from 0 .81  t o  16.67 per  man hour i n  n a t u r a l  outdoor s h e l t e r s .  Two prevalence 
peaks s i m i l a r  t o  night- t ime c o l l e c t i o n s  were a l s o  observed f o r  t h e  daytime r e s t i n g  c o l l e c t i o n s  
(Table  3) .  

B i t i n g  h a b i t s  

Man-biting d e n s i t i e s  of An. aconi tus  indoors were a c t u a l l y  lower than outdoors (Table 1) .  
Outdoor man-biting (17.1 per  man n ight )  was about t h r e e  times higher  t han  indoor (5.4 per  man 
n i g h t ) .  Although b i t i n g  occurs  throughout t h e  n ight ,  69.2-75.2% of t h e  mosquitos were 
c o l l e c t e d  between 1800-2400 h (Table 2). 

Night-time populat ions of An. aconi tus  r e s t i n g  i n  animal sheds occupied by water bu f f a lo  
and  c a t t l e  were q u i t e  high, t h e  year ly  average being 28.0 per c o l l e c t o r  n ight  (Table 1) .  More 
An. a c o n i t u s  (62.0%) were c o l l e c t e d  during the  l a t t e r  ha l f  of t h e  n ight  wi th  nraximum numbers 
be ing  encountered a t  dawn  able 2). 

Daytime r e s t i n g  hab i t s  

A lower dens i ty  of  An. acon i tu s  (5%) r e s t i n g  in s ide  houses a s  opposed t o  o the r  
s i t u a t i o n s  was recorded. Whereas 34% of t h i s  spec i e s  were found r e s t i n g  i n  animal sheds t h e  
h i g h e s t  dens i ty  (60%) was encountered i n  n a t u r a l  outdoor s h e l t e r s  mainly along stream banks 
and i r r i g a t i o n  d i t ches  (Table 3).  

The high percentage of An. aconi tus  found r e s t i n g  outdoors during daytime ind i ca t e s  
e x o p h i l i c  behaviour, only 15.9-22.7% of those  caught r e s t i n g  i n s i d e  houses and animal sheds 
were observed t o  be gravid ,  i nd i ca t ing  t h a t  t h e  major i ty  of those  specimens a l s o  passed a t  
l e a s t  t h e  l a t t e r  pa r t  of t h e i r  gonotrophic cyc le  outdoors. The s u b s t a n t i a l  numbers of blood 
f ed  An. acon i tu s  (30.1%) encountered outdoors a l s o  i nd i ca t ed  a  r e f r a c t o r y  na ture  t o  indoor 
r e s t i n g  (Table 4) .  

During daytime indoor c o l l e c t i o n s ,  An. aconi tus  were gene ra l ly  observed t o  be r e s t i n g  
j u s t  above t h e  ground l e v e l s  i n  c r ev i ces  and a l s o  on hay and g ra s s  used as fodder f o r  c a t t l e  
i n  animal  sheds. Rardly any An. aconi tus  were found r e s t i n g  higher  up on wal l s ,  on roofs  o r  
c e i l i n g s  and most were encountered i n  dark corners  of t h e  rooms where d is turbances  by wind and 
human a c t i v i t i e s  were minimal. 

Parous i n d i c e s  

Parous ind ices  of An. acon i tu s  i n  man-biting c o l l e c t i o n s  i n  houses ranged from 0.33 t o  
0.75,  t h e  h ighes t  being observed i n  January and t h e  lowest i n  March and October. For outdoor 
man-bi t ing populat ions,  t h e  i nd i ces  va r i ed  between 0.31 t o  0.68, t h e  h ighes t  and lowest r a t e s  
be ing  recorded  i n  t h e  same months a s  i n  man-biting c o l l e c t i o n s  indoors. Parous i nd i ces  of 
An. acon i tu s  caught i n  animal sheds during t h e  night  were usua l ly  highe? than b i t i n g  co l l ec t i ons  
w i th  t h e  i nd i ces  ranging from 0.54 t o  0.73 (Table 5 ) .  Although monthly f l uc tua t ions  i n  parous 
r a t e s  were observed according t o  hour, no s i g n i f i c a n t  v a r i a t i o n s  were apparent except fo r  t h e  
comparat ively lower parous r a t e s  noted during the  f i r s t  hour between 1800-1900 h (Table 6).  



Parous i nd i ces  of An. acon i tu s  r e s t i n g  indoors  by daytime (Table 7)  were observe& t o  be 
h ighe r  (yea r ly  averages being 0.71 i n  houses and 0.68 i n  animal sheds)  than those  t e s t i n g  
outdoors  (0.34). Although t h e  high percentage o f  c o l l e c t e d  specimens may have been due t o  
mosquitos r e c e n t l y  emerged from nearby breeding sites wi th in  t h e  hamlets,  l a r v a l  breeding was 
mainly found i n  s i t u a t i o n s  ou t s ide  t h e  hamlets. 

Breeding h a b i t s  

Co l l ec t i ng  An. a con i tu s  l a rvae  proved r a t h e r  d i f f i c u l t  because of i ts  breeding i n  l a rge  
water  bodies. I n  a yea r  a t o t a l  of only 109 l a rvae  of t h i s  spec i e s  was c o l l e c t e d  by spending 
538 man hours. The e l u s i v e  na ture  of An, acon i tu s  l a rvae  i s  f u r t h e r  i l l u s t r a t e d  by t h e  f a c t  
t h a t  i n  November 1975, t h e  month when ca t t l e shed  d e n s i t i e s  were lowest,  l a rva  were found i n  
four  of t h e  h a b i t a t s ,  whereas i n  March 1976 when d e n s i t i e s  were bu i ld ing  up, no l a rvae  were 
found. Rice f i e l d s  and i r r i g a t i o n  d i t ches  (wi th in  t h e  r i c e  f i e l d s )  were found harbouring 
An. acon i tu s  la rva .  Streams, which run through t h e  hamlets and a l s o  r i c e  f i e l d s ,  were 
occas iona l ly  p o s i t f v e  i n  both loca t ions .  Not a s i n g l e  An. aconi tus  l a rvae  was recorded from 
ponds and poofs normally s i t u a t e d  wi th in  t h q  hamlet  able 8). 

About 76% of t h e  t o t a l  number of l a rvae  c o l l e c t e d  were found i n  r i c e  f i e l d s  and t h e  
ad jacent  i r r i g a t i o n  d i t ches .  The main yea r ly  dens i ty  f o r  a l l  l oca t ions  sampled was 0 .2  l a rva  
per  man hour, Larva were found every month except March. 

Host preference  (Table 9) 

A marked preference  f o r  feeding on bovids (about 90%) i r r e s p e c t i v e  of c o l l e c t i n g  s i t e  
was noted. About 7% of t h e  t o t a l  blood-smears (585) t e s t e d  were p o s i t i v e  f o r  human blood. 

S u s c e p t i b i l i t y  t o  i n s e c t i c i d e s  

S u s c e p t i b i l i t y  t e s t s  c a r r i e d  out i n  August 1974 with An. aconi tus  using 4.0% DDT t e s t  
papers f o r  one hour exposure showed an average mor t a l i t y  of 19%. 0H5-1476, a DDT analogue, 
was even l e s s  e f f e c t i v e .  T e s t s  i n  1976 with 1.0% f e n i t r o t h i o n  showed m o r t a l i t i e s  ranging 
from 98.9% t o  100%; wi th  5% malathion m o r t a l i t i e s  were 100% (Table 10). 

Fur ther  t e s t s  wi th  4% DDT were made i n  Bergas Kidul during Apr i l  1975 by inc reas ing  t h e  
exposure t i m e .  The r e s u l t s  wi th  237 specimens a f t e r  exposure f o r  1, 2 and 4 hours was 13.2%, 
32.7% and 84.1% re spec t ive ly .  The con t ro l  mor t a l i t y  was 7.5%. 

DISCUSSION 

U 
Although An. acon i tu s  was recorded throughout t h e  year ,  two dens i ty  peaks were observed. 

The major peak was i n  March-April and a second small one i n  August-September. Both peaks 
occurred when the  r i c e  p l an t s  were a t  t h e  harves t ing  s tages .  

During t h e  w e t  March-April period,  r i c e  crops were ex tens ive  i n  t h e  a r e a  due t o  adequate 
water supply. The August-September period coincides wi th  t h e  dry season when i r r i g a t i o n  i s  
l imi t ed  due t o  shor tage  of water. It would appear t h a t  r i c e  f i e l d s  and nearby i r r i g a t i o n  
d i t ches  a r e  t h e  major sources of An. aconi tus  breeding even though l a rvae  were a l s o  found i n  
streams. Perhaps because of l a r g e  sur face  a r eas  covered by water i n  such p laces ,  i t  was 
d i f f i c u l t  t o  de t ec t  larvae.  Also l a r v a l  c o l l e c t i o n s  during t h e  s tudy period were made on a 
l im i t ed  s c a l e  j u s t  t o  check t h e  types of breeding p laces  favoured by An. aconitus.  More 
concerted s tud i e s ,  t he re fo re ,  a r e  warranted s ince  increased l a r v a l  populat ions r e l a t i v e  t o  
t h e  adu l t  prevalence were not de tec ted  i n  r i c e  f i e l d s  during the  pre-harvest period. 

An. aconi tus  was found, t o  a g r e a t e r  ex t en t ,  t o  be an  e a r l y  b i t e r  on m n ,  75.2% of t h e  
indoor and 69.2% of t h e  outdoor b i t i n g  occurr ing by midnight, and a l s o  t o  be pronouncedly 
exophagic. Outdoor b i t i n g  was t h r e e  times higher  (17.1 per man n igh t )  than indoor b i t i n g  
(5.4 per  man n ight ) .  More b i t i n g  occurred when the human populat ion was s t i l l  r e l a t i v e l y  
a c t i v e  outdoors. 



1 Large numbers of An. a c o n i ~ u s  were found i n  animal sheds mainly occupied by c a t t l e  and 
1 wate r  buf fa lo  and were found I n  most ins tances  a l r eady  engorged. The more zoophi l ic  tendency 

o f  t h i s  spec ies  was confirmed Liy the  p r e c i p i t i n  t e s t s  r e s u l t s  (93.5% feeding on animels).  
I 

Most of the  An, aconi tus  i n  anxmal sheds were caught between midnight and dawn (62.0%) but  
t h i s  does not neces sa r i l y  s i g n i f y  t ha t  more animal b i t i n g  took place during t h i s  time. 

i 
Because of r e s t i n g  c o l l e c t i o n s  made i n  animal sheds,  probably r e s t i n g  mosquitos increased a s  
t h e  n i g h t  advanced. The readiness of An. aconi tus  t o  en t e r  animal sheds t o  feed is i n  marked 
c o n t r a s t  with the  man-biting hab i t s  a s  outdoor man-biting was observed t o  be  more pronounced 
t h a n  indoors .  Moreover, t h e  night-time d e n s i t i e s  i n  animal sheds peaked i n  September one 
month l a t e r  than i n  man-biting c o l l e c t i o n  indoors  and outdoors. These observa t ions  tend t o  
i n d i c a t e  t h a t  An. aconi tus  populat ions i n  t h e  a r e a  might be composed of b i o l o g i c a l l y  d i f f e r e n t  
s t r a i n s  o r  races.  

Parous r a t e s  of  An, acon i tu s  were observed t o  be higher i n  night-time animal shed 
c o l l e c t  ions than i n  man-bit ing  co l l ec t i ons .  This  v a r i a t i o n  a l s o  tends t o  support t he  
c o n t e n t i o n  made above t h a t  An. aconi tus  populat ions i n  t he  a r ea  might be composedofbio logica l ly  
d i f f e r e n t  s t r a i n s  or  races.  Low parous r a t e s  observed i n  March (0.44 and 0.39 i n  indoor and 
ou tdoor  man-biting r e spec t ive ly  and 0.54 i n  an inn l  shed c o l l e c t i o n s )  coincided wi th  t h e  r i s e  i n  
An. acon i tu s  dens i ty .  This  seems t o  be n a t u r a l  a s  more nul l iparous  mosquitos a r e  being added 
t o  t h e  populat ion during such periods of r i s e .  The low parous r a t e s  observed i n  October i n  
man-bi t ing (0.33 indoors and 0 .31  outdoors)  and i n  November i n  night-time animal shed 
c o l l e c t i o n s  (0.58) could not be c l e a r l y  explained. A s  An. aconi tus  d e n s i t i e s  showed low 
p reva l ence  during t h i s  time, it  was most probably t h e  i n f luence  of some adverse c l ima t i c  
cond i t i ons .  

An. aconi tus  i s  highly e x o i h i l i c  with more than  75% of t h e  t o t a l  daytime r e s t i n g  
c o l l e c t i o n s  being encountered i n  n a t u r a l  outdoor s h e l t e r s .  Even i n  animal sheds where night-  
t ime d e n s i t i e s  were q u i t e  high, daytime c o l l e c t i o n s  y ie lded  low numbers of An, aconitus.  
The low percentage of grav ids  (15.9%-22.7%) r e s t i n g  indoors  and the  presence of blood-feds 
(30.1%) r e s t i n g  outdoors a l s o  r e f l e c t  t he  exophi l ic  na tu re  of t h i s  species .  General 
obse rva t ions  on spot  r e s t i n g  h a b i t s  i n  houses and animal sheds showed t h i s  spec i e s  p re fe r r ing  
t o  r e s t  on lower l e v e l s  of wal l s  and a l s o  on hay and g r a s s  s t acks  kept a s  feed f o r  animals. 
T h i s  suggested t h a t  spraying high up on t h e  wal l s  and a l s o  t h e  c e i l i n g s  might have l i t t l e  
e f f e c t  on c o n t r o l l i n g  t h i s  spec ies .  

A a a c o n i t u s  was found t o  be highly r e s i s t a n t  t o  DD3. i n  t h e  s tudy a r ea ,  but suscep t ib l e  
t o  f e n i t r o t h i o n  and malathion, thus  t h e s e  organophosphorus compounds show promise a s  s u b s t i t u t e  
i n s e c t i c i d e s  f o r  malar ia  c o n t r o l  i n  a r ea s  of DDT r e s i s t ance .  
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w a  TABLE 1. DENSITIES OF AN. A C O A I N S  PEPIALES I N  ALL-NIGHT W B I T I N G  AND ANIMAtSHEb COLLECTfOlsS 
I 

Month and ycar 

March 1975 

Apr i l  1975 

Hay 1975 

June  1975 

J u l y  1975 

August 1975 

September 1975 

October 1975 

November 1975 

December 1975 

January  1976 

February 1976 

I Total  

S 
.4 

01 U 
U 

Month and year  

J u l y  1975 

August 1975 

September 1975 

October 1975 

November 1975 

December 1975 

January 1976 

February 1976 

March 1976 

April  1976 

May 1976 

June 1976 

Total 

Han-biting co l l c c t i on r  

No. of 
c o l l e c t i o n s  

4 

4 

4 

4 

4 

4 

4 

5 

4 

4 

4 

4 

49 

AdmaL-ahed cc) l lec t ions  

No. of  
b a i t  

c o l l e c t o r s  

9 

8 

8 

8 

8 

8 

8 

l 0  

8 

8 

8 

8 

99 

No. of  
co l l e c t i ons  

2 

4 

4 

5 

4 

4 

4 

4 

2 

2 

3 

2 

No. of  
c o l l a c t o r a  

4 

8 

8 

10  

10 

12 

8 

8 

4 

4 

6 

4 

40 1 82 1 2 3 ~  

Indoors 

28.0 

Tota l  
cought 

98 

154 

341 

2 17 

100 

193 

125 

276 

163 

334 

221 

78 . 

Tota l  
caught 

145 

102 

15 

2 7 

3 7 

84 

2 7 

17 

19 

27 

12 

24 

536 

Outdoors 
NO./ 

CO1leCtOr 

n ight  

24.5 

19.3 

42.6 

21.7 

10.0 

16.1 

15.6 

34.5 

40.8 

83.5 

36.8 

19.8 

So./ 
sun  n igh t  

16.1 

12.8 

1.9 

3.4 

4.6 

10.5 

3.4 

1.7 

2.4 

3.4 

1.5 

3.0 

5.4 

Total  
caught 

529 

395 

45 

37 

9 7 

220 

103 

35 

53 

74 

34 

74 

1 696 

No./ 
aran n igh t  

58.8 

49.4 

5.6 

4.6 

12.1 

27.5 

12.9 

3.5 

6.6 

9.3 

4.3 

9.3 

17.1 



TABLE 2. NUMBERS AND PERCENTAGE OF AN. ACONITUS FEMALES CAUGHT 
BY HOUR I N  ALL-NIGHT MAN- B I T I N G  AND ANIMAL- SHED COLLECTIONS 

OUT OF THE TOTAL NUMBERS COLLECTED I N  ONE YEAR 
PERIOD WRING 1975-76 

I I I I 

No. X , No. % No. I % I  
Time of 

c o l l e c t i o n s  

18.00- 19.00 

19.00-20.00 

20.00-21.00 

2 1.00-22.00 

22.00-23.00 

23.00-24.00 

Tota l  
18.00-24.00 

24.00-01.00 

01.00-02.00 

02.00-03.00 

03.00-04.00 

04.00-05.00 

05.00-06.00 

Tota l  
24.00-06.00 

Grand t o t a l  

Animal-shed 
c o l l e c t i o n s  

Man-biting c o l l e c t i o n s  

Indoors 

72 

89 

57 

85 

48 

5 2 

403 

3 3 

17 

20 

16 

19 

2 8 

133 

536 

Outdoors 

13.4 

16.4 

10.6 

15.9 

9.0 

9.7 

75.2 

6.2 

3.2 

3.7 

3.0 

3.5 

5.2 

24.8 

100 

250 

176 

189 

208 

188 

162 

1 1 7 3  

90 

104 

8 2 

48 

10 3 

9 6 

523 

1 696 

14.7 

10.4 

11.1 

12.3 

11.1 

9.6 

69.2 

5.3 

6.1 

4.8 

2.8 

6.1 

5.7 

30.8 

100 

5 5 

124 

130 

148 

198 

2 16 

871  

224 

231 

22 1 

226 

225 

302 

1 429 

2 300 

2.4 

5.4 

5.7 

6.4 

8.7 

9.4 

38.0 

9.7 

10.0 

9.6 

9.8 

9.8 

13.1 

62.0 

100 



TABLE 3. DENSITIES OF AN. ACONITUS FFMALES IN DAYTIME RESTING COLLECTIONS IN DIFFERENT SITES m 

Month and y e a r  

March 1975 

A p r i l  1975 

llay 1975 

June  1975 

J u l y  1975 

August 1975 

September 1975 

October  1975 

November 1975 

December 1975 

J anua ry  1976 

February  1976 

T o t a l  

Bouaes 

No. o f  
c o l l e c t i o n s  

4 

4 

4 

4 

4 

4 

5 

4 

4 

4 

4 

4 

49 

Animal- sheds  

Han hou r s  
s p e n t  

18 

24 

24 

10 

21 

24 

30 

24 

2 6 

24 

2 4  

24 

1 273 

No. o f  
C o l l e c t i o n s  

4 

4 

4 

4 

4 

4 

S 

4 

4 

4 

4 

4 

U " 
t 

49 

Na tu r a l  ou tdoo r  s h e l t e r a  

No. 
c o l l e c t e d  

10 

10 

3 

1 

l 0  

6 

7 

1 

5 

7 

3 

14 

7 7 

Man hou r s  
s p e n t  

10  

9 

15.5 

10 

14 

1 6  

20 

16 

24 

24 

16 

16 

No. o f  
c o l l e c t i o n s  

4 

4 

4 

4 

4 

4 

5 

4 

4 

8 

8 

8 

l 

M*/ 
man hou r  

0.56 

0.42 

0.13 

0.10 

0.48 

0.25 

0.23 

0.04 

0.19 

0.29 

0.13 

0.58 

0.28 190.5 

No. 
c o l l e c t e d  

9 3  

87 

16 

7 

2 1 

8 

39 

B 

12 

28 

11  

27 

Man hou r s  
apen t 

16.5 

15 

21  

11 

19 

22 

30 

22 

30 

124 

58 

6 4  

NO./ 

man hour  

9.30 

8.67 

1.03 

0.70 

1.50 

0.50 

1.95 

0.50 

0.50 

1.17 

0.69 

1.69 

357 1 1.87 1 6 1 

NO. 
c o l l e c t e d  

432.5 

NO. / 
man hour  

1 418 

19 1 

2 M 

7 9 

26 

68 

95 

194 

73 

107 

10 l 

60 

174 

3.29 

11.58 

16.67 

3.76 

3.36 

3.58 

4.32 

6-47 

3.32 

3.57 

0.8 1 

1.03 

2.72 



TABLE 4 .  ABDOMINAL CONDITION O F  AN. ACONITUS F E W S  COLLECTED I N  DAYTIME R E S T I N G  COLLECTIONS 



TABLE 5. PROPORTION OF AN. ACONITUS PAROUS I N  ALL-NIGHT MAN-BITING AND ANIMAL-SHED COLLECTIONS 

Month and year  

March 1975 

Apr i l  1975 

May 1975 

June 1975 

J u l y  1975 

August 1975 

September 1975 

October 1975 

November 1975 

December 1975 

January 19 7 6  

February 1976 

To ta l  

Man-biting c o l l e c t i o n s  

Month and year 

J u l y  1975 

August 1975 

September 1975 

October 1975 

November 19 7 5 

December 1975 

January 19 7 6 

February 197 6 

March 1976 

Apr i l  1976 

May 197 6 

June 1976 

To ta l  

Indoors  

Animal-shed c o l l e c t i o n s  

NO.  
d i s s e c t e d  

129 

9 3 

15 

18 

4 1 

82 

2 7 

18 

18 

2 7 

12 

2 1 

504 

Outdoors 
No. 

d i s sec t ed  

100 

151 

33 1 

217 

9 7 

182 

118 

273 

1 S8 

326' 

2  16 

7 6 

2 245 

No. 
d i s sec t ed  

443 

3 50 

45 

3 5 

115 

223 

10 4 

35 

5 3 

7 3 

3 1 

7 4 

1 591 

No. 
parous 

5 7 

52 

8 

11 

12 

50 

18 

6 

9 

15 

9 

1 2  

2  69 

No. 
parous 

70 

100 

225 

135 

5 6 

117 

7 6  

19 8 

8 5 

209 

149 

5 1 

1 471 

Proport ion 
parous 

0 .44  

0.56 

0.53 

0.61 

0.54 

0.61 

0.67 

0.33 

0.50 

0.56 

0.75 

0.57 

0.53 

No. 
parous 

172 

1 69 

2 3 

2 1 

6 6 

111 

6 7 

11 

30 

36 

2 l 

43 

7 70 

Proport ion 
parous 

0.70 

0.66 

0.68 

0.62 

0.58 

0.64 

0.64 

0.73 

0 .54  

0.64 

0.69 

0.67 

0.66 

Proport ion 
parous 

0 .39 

0.47 

0.51 

0.60 

0.57 

0.50 

0.64 

0 .31  

0.57 

0.49 

0.68 

0.57 

0.48 



TABLE 6. PROPORTION OF AN. ACONITUS PAROUS I N  ALL-NIGHT MAN-BITING AND ANIMAL-SHED COLLECTIONS 
BY HOURS OUT OF THE TOTAL NUMBERS DISSECTED I N  A ONE-YEAR PERIOD DURING 1975-76 

Time of 
c o l l e c t i o n s  

- 

18.00-19.00 

19 .W-20.00 

20.00-21.00 

22.00-22.00 

22 .W-23.00 

23.00-24.00 

24.00-01.00 

0 1  .OO-02.00 

02 .W-03.00 

03.00-04.00 

04.00-05 .OO 

05.00-06.00 

T o t a l  

Man-biting c o l l e c t i o n s  
1 

Animal-shed c o l l e c t i o n s  

Indoors  

NO.  
d i s s e c t e d  

6 7 

8 1 

60 

7 7 

44 

45 

29 

17 

19 

16 

18 

3 1 

504 

Outdoors 
Proport ion 

parous 

0.46 

0.85 

0.70 

0.74 

0.68 

0.74 

0.73 

0.62 

0.65 

0.65 

Q. 58 

0.59 

0.66 

No. 
d i s sec t ed  

4 6 

116 

128 

146 

19 5 

2 15 

225 

224 

2 15 

223 

22 1 

253 

2 245 

No. 
d i s sec t ed  

240 

162 

19 6 

189 

159 

132 

7 4 

8 5 

7 6 

5 l 

10 5 

122 

1 591 

No. 
parous 

2 1 

7 5 

9 0 

108 

132 

159 

163 

138 

139 

L44 

129 

17 3 

1 471 

No, 
parous 

24 

43 

3 6 

45 

30 

2 6 

14 

9 

9 

9 

9 

15 

2 69 

Proport ion 
parous 

0.36 

0.53 

0.60 

0.58 

0.68 

0.58 

0.48 

0.53 

0.47 

"0.56 

0 .  M 

0.48 

0.53 

No. 
parous 

7 9 

7 2 

10 7 

114 

8 6 

65 

4 0  

41 

3 6 

2 9 

48 

5 3 

7 70 

Proport ion 
parous 

0.33 

0.44 

0.55 

0.60 

0.54 

0.49 

0.54 

0.48 

0.47 

0.57 

0.46 

0.43 

0.48 



W H O / V B C / ~ ~ .  677 
page 14 

TABLE 7. PROPORTION OF A N .  ACONITUS PAROUS I N  DAYTIME RESTING COLLECTIONS 

TABLE 8. DIFFERENT HABITATS POSITIVE FORAN. ACONITUS LARVAE 

T o t a l  man hours  s p e n t  537. 

Notes: RICE FIELDS 

S t a g e  I - w i t h  new p l a n t s  
S t a g e  I1 - w i t h  long  p l a n t s  seed  n o t  y e t  p r e s e n t  
S t a g e  I11 - r i c e  p l a n t s  w i t h  s e e d s  p r e s e n t  
S t a g e  I V  - r i c e  p l a n t s  s e e d s  r i p e ,  a l m o s t  r eady  f o r  h a r v e s t i n g  
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TABLE 9. RESULTS OF PRECIPITIN TESTS ON AN. ACONITUS BLOODMEALS 
(FEBRUARY 1975 TO FEBRUARY 1976) 

TABLE 10. INSECTICIDE SUSCEPTIBILITY TESTS USING ONE HOUR EXPOSURE 
ON APULT AN. ACONITUS FEMALES. SPECIMENS TESTED WERE BLOOD FED 

AND COLLECTED FROM ANIMAL SHELTERS DURING THE NIGHT 

Type o f  
s h e l t e r s  

Houses 

Animal sheds  

N a t u r a l  o u t d o o r  

s h e l t e r s  

T o t a l  

a - A DDT analogue.  

No. 
t e s t e d  

52 

156 

3 7 7 

585 

t 

Bloodmeals p o s i t i v e  f o r  

Date  

31.8.74 

13.1.76 

30.1.76 

10.2.76 

24.2.76 

12.3.76 

Ham1 e t 
and 

v i l l a g e  

Kebon Kliwon 

Bergas Kidu l  

Karangbolo 

Lerep 

Karangbolo 

Lerep 

Karangbolo 

Lerep 

Karangbolo 

Lerep 

Kebon Kliwon 

Bergas Kidul  

Man 
sheep/  

g o a t  

No. 

4 

5 

29 

38  

No. 

0 

0 

3 

3 

% 

7.7 

3.2 

7.7 

6 .5  

Bovid 

% 

0 

0 

0.8 

0 . 5  

I n s e c t i c i d e  

DDT 

0Ms-147g 

C o n t r o l  

F e n i t r o t h i o n  (OMS-43) 

C o n t r o l  

F e n i t r o t h i o n  (oMS-43) 

C o n t r o l  

F e n i t r o t h i o n  (OM-43)  

C o n t r o l  

Mala th ion  (OMS-1) 

C o n t r o l  

Mala th ion  (OMS-1) 

C o n t r o l  

No. 

47 

156 

330 

523 

U n i d e n t i f i e d  
bovid  

7- 
c o n c e n t r a t i o n  

4.0 

4.0 

- 

1 .0  

0 . 1  

- 

1.0 

- 

1.0 

0 . 1  

- 

5.0 

0.5 

- 

5.0  

- 

T o t a l  

135 

148 

80 

2 0 

16 

18  

20 

18  

90 

2 6 

19 

20 

2 0 

2 1 

12 5 

2 5 

% 

90.4 

93.6 

87.5 

89.4 

No. 

1 

5 

1 5  

2 1 

% 

1.9 

3.2 

4.0 

3.6 

No. 
dead i n  

2 4  h o u r s  

2 6 

13 

2 

2 0 

0 

0 

2 0 

0 

89 

1 

1 

20 

1 

0 

12 5 

0 

% 
m o r t a l i t y  

19.3 

8 .8  

2 .5  

100 

0 

0 

100 

0 

98.9 

3.8 

5.3 

100 

5.3 

0 

100 

0 




