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INTRODUCTION 
 There have been few documented mosquito surveys in East Timor since the work of the Portuguese 
entomologists in the 1960's and early 70's. This included a widespread survey for malaria vectors (Ferreira and Breda 
1961) and a survey for filariasis vectors (Pinhao 1969). The last survey in East Timor was a limited general mosquito 
survey of the Dili area in 1991 to provide advice on general mosquito control (Whelan 1999). Similarly there have 
been limited surveys in West Timor, with the last comprehensive survey for malaria vectors and a general mosquito 
survey in the early 1970's (Lien et al 1975). A brief survey of mosquitoes was made in the Kupang area as part of an 
assessment for a tourist development project (Whelan 1988) The previous surveys recorded at least 52 mosquito 
species in Timor, and included many species which are vectors of a range of diseases (Whelan 1999). 
 The current survey in East Timor was undertaken as a consequence of the independence referendum and 
subsequent humanitarian crisis in September1999. The widespread destruction of houses and breakdown of all public 
health services prompted a request from the WHO for entomological assistance to assess the potential for outbreaks of 
mosquito borne disease in Dili which is the principal city and was the centre for relief operations. 
 The mosquito survey of Dili in 1991was carried out during the dry season when there were few rain filled 
habitats. The current survey was timed to evaluate the mosquito situation after the start of wet season rains in 
December. One of the authors carried out initial collections in Dili during November and December 1999 as part of an 
aid program, while the other author was present for the general survey from 14 - 17 December 1999. The aim of the 
surveys were to determine the presence of pest and disease vector mosquitoes in Dili, and to determine their actual 
and potential breeding sites. The results were to be used to evaluate the potential for various mosquito borne diseases 
and to provide advice on mosquito control and disease prevention. 
 
METHODS 
 
General Inspection 
 

A general inspection of the Dili area was carried out progressively from 14 -17 December 1999 while 
conducting larval surveys and locating trap positions. The inspection was to gain an overall impression of the physical 
conditions of the housing, the location and physical attributes of the potential mosquito breeding sites, and to evaluate 
possible control methods. The inspection included the residential area on the east side of Dili, the adjacent coast line 
and Santana River, coastal areas on the west side of Dili near the Comoro River mouth, rice paddy areas near Buirrio 
Pite, and various freshwater swamp areas in the Kaikoli locality. 
 
Larval Mosquito Collections 
 
House container survey. A total of 20 houses were inspected in Balide and Kaikoli on 13-14 December 1999 for water 
holding containers. Details of those containers holding water were recorded, and samples of larvae were collected by 
pipette into plastic vials. They were killed by placing in 70% alcohol and tentatively identified in Dili. Confirmation 
identifications were made in Darwin using appropriate keys (Huang 1979, Sirivanakarn 1976). The house, container, 
and Breteau indices for Ae. aegypti were made on the confirmed identifications. 
  
General larval survey. Larval surveys were carried out from 15 - 17 December in a limited number of urban premises 
and in the range of other habitats including the Kaikoli swamp areas, beachside coastal areas, storm drains, wells, rice 
paddy fields, and roadside pools (Fig 1). The premises inspected included two International Aid premises (Oxfam and 
Care) where dengue cases had been reported, three houses in Balide, and wells in Motael. Potential mosquito breeding 
sites were sampled using a standard (200ml) mosquito dipper. One to ten dips of water were taken at each site, 
depending on larval density. Larvae were collected by pipette into labelled 50ml plastic containers with habitat water 
for rearing. The habitat characteristics, including the presence and type of vegetation, mosquito predators, and water 
type were recorded. Late instar larvae were transferred to 70% alcohol each night for preservation and initial 
identification. Confirmation identifications were done in Darwin using appropriate keys (Reid 1968, Sirivanakarn 
1976, and Huang 1979). Selected specimens were confirmed or identified by Richard Russell.  
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Fig 1 
 
Adult Mosquito Collections 
 
Carbon dioxide baited EVS trap collections. Initial adult trapping was carried out on 15 October 1999 by a WHO 
officer using modified carbon dioxide (dry ice) baited light traps (EVS traps) (Rohe and Fall 1979) transported from 
Darwin. Traps were set at four locations of probable mosquito activity. The collected mosquitoes were packaged and 
transported back to Darwin for identification. Trapping during the general survey was restricted by a problem with 
transporting dry ice to Dili. The Australian Defence Force in Dili provided dry ice sufficient to set three traps. The 
trap sites included a swamp area in central Dili, an urban area near the Santana River, and a semi rural area in the 
foothills near Balidae. Traps were set before sundown at chest height in sheltered areas, and picked up the following 
morning. Collections were tentatively identified in Dili and packaged into individual labeled plastic vials for 
identification in Darwin using appropriate entomological keys (Lee et al 1987). Reference and voucher specimens 
were deposited in the MEB reference collection in Darwin.  
 
Biting Collections. Opportunistic biting collections were carried out on two occasions just prior to the general survey. 
Collections were at sites of reported mosquito pest problems in Kaikoli and were carried out just after sundown in 
sheltered positions away from concentrations of people and lights. The mosquitoes were collected with the aid of a 
small mouth aspirator as the mosquitoes were about to bite exposed legs. 
 
Resting Collections. Initial mosquito resting collections were conducted in late November 1999 during inspections of 
houses in various suburban areas. Mosquitoes observed resting or flying inside houses were collected with the aid of a 
mouth aspirator. During the general survey, mosquitoes landing on trouser legs or hovering near the body were 
collected with the aid of a small, modified, mechanical vacuum aspirator. The collected mosquitoes were killed by 
exposure to the sun and transferred to labeled plastic vials.  
 
Sticky Trap Collection. An experimental Aedes aegypti attractant sticky trap supplied by QIMR was set at ground 
level in a toilet block at one of the Aid centres (Oxfam House) a week before the general survey. The trap consisted of 
a square red background card coated with an adhesive. The trap was collected during the current survey. Mosquitoes 
attached to the attractant card were identified in situ on the card by low power stereo microscope in Dili and the 
specimens discarded. 
 
Collection and Identification of Fish  
 

The fish were collected and transferred with the aid of a bucket from a storm drain and a flooded irrigation plot 
in Kaikoli. Helen Larson, Curator of Fishes, Museums and Arts Galleries of the NT (MAGNT) in Darwin confirmed 
the identification of a specimen in 70% alcohol. The specimen has been lodged in the MAGNT reference collection. 
 
Larval Control  
 

Approximately 10 fish were placed in mandies at residences in Balide and Buirrio Pite. Observations were 
made on the fish for approximately 15 minutes, and the mandi in Balide was checked after 24 hours. Approximately 1 
gram of temephos (Abate™) 1 % sand granules was added to a mandi with Ae aegypti larvae at Oxfam House. 
Observations of the larvae were made after 30 minutes and 24 hours. 
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RESULTS 
 
General Inspection 
 

The Dili area had only received two appreciable falls of rain in the three months preceding the survey. The 
highest falls recorded were 17 mm on 28 November and 34 mm on 6 December. There had only been daily falls of 7, 
8, 4, and 4 mm from the 7-11 December prior to the survey. Surface water was confined to the fresh water rivers and 
creeks, spring-fed marshes, wastewater, rain supplemented tidal pools, and a number of rain filled depressions. 
Housing in the Dili urban area ranged from well-constructed houses, to rough tin or palm leaf shelters. Very few 
houses in Dili were fitted with insect screens and even the large intact houses in the Motael area were open to 
mosquito entry. Many houses were connected to a reticulated water system but the supply was intermittent. The 
houses in the Kaikoli area were relatively small, had reticulated water, and did not have tanks or other facilities for the 
external storage of water. The houses in the Balide area were generally larger, were reticulated, and had 200 litre tanks 
and mandies for washing and the toilet flushing. Some houses had large 1000 litre plastic tanks for rainwater storage. 
 
Urban residential breeding sites 
 
House container survey. There was a relatively large number of containers or receptacles positive for Ae aegypti. Most 
of the Ae aegypti were in 200 litre drums used to store water. The next most frequent categories were rubbish, buckets, 
pot plants and other water storage containers. There were a number of containers positive for Ae. albopictus and Cx. 
quinquefasciatus while one contained Cx. tritaeniorhynchus (Table 1). 
 
Table 1. House container survey Dili. Receptacles positive for larvae 

Receptacle type Receptacle 
with H20 

Ae  
aegypti 

Ae 
albopictus 

Cx 
quinquefasciatus 

Cx 
tritaeniorhynchus 

Buckets 23 5 1 
Coconut shells 2 0  
Misc. containers 4 0 1  
Items of rubbish 24 5 2  
Pot plants 8 4 1 1  
200 litre drums 17 8 1  
Tyres 6 1 1  
Washing buckets 4 0  
Water storage other 5 4  
Totals 93 27 4 3 1 

 
Calculations of the various indices for the presence of Ae aegypti in Dili were, a house index of 55 (%of houses 
positive), a container index of 29(% of water holding containers positive), and a Breteau index of 135 (number of 
positive containers per 100 houses). 
 
General premises survey. Aedes aegypti were frequently found in cement mandies in or adjacent to houses (Table 2) 
 
Table 2. General Larval Survey. Residential breeding sites 
 
Type of site Uses Species No of times 

recorded 
Mandi Water storage Ae aegypti 

Ae albopictus 
Ae vigilax 
Cx quinquefasciatus 
Tr punctolateralis 
Cx (Lop) sp 

6 
3 
1 
2 
1 
1 

Clear plastic 
sheeting 

Rain cover Ae aegypti 1 

Wells Garden water Cx quinquefasciatus 1 
Ground pools Storm water 

Waste water 
Cx annulirostris 
Cx quinquefasciatus 
 

1 
1 
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Generally, Ae. aegypti larvae were the only species present in the mandi. When there were other species 
present, Ae. aegypti were most often in association with Ae. albopictus or Cx. quinquefasciatus, and on one occasion 
with both Tripteroides punctolateralis and Ae. vigilax. One mandi in a semi rural area in a ruin with no roof had Ae. 
albopictus breeding in association with Cx. quinquefasciatus and an unidentified Cx. (Loph.) species. Generally the 
numbers of Ae. aegypti larvae exceeded the numbers of larvae of other species in the mandies. Breeding in mandies 
was in relatively clear unpolluted water, but the mandi with Cx. quinquefasciatus had some faecal contamination. 
There was no breeding in a number of water filled mandies which had milk coloured soapy water. The water levels in 
mandies varied from a few mm to 1000-mm depth, in both indoors and outdoors situations. The mandies were 
productive breeding sites, with approximately 300 larvae in approximately 400 litres of water in the Oxfam site. 

Ground pool breeding was found adjacent to Oxfam House. Separate areas of Cx. quinquefasciatus and Cx. 
annulirostris larvae were breeding in a grassy rainwater pool contaminated with wastewater, with the latter species in 
a less polluted area.  
 
Wells. The wells in the Motael area were generally disused or only used for garden watering or other wastewater uses. 
They were narrow and relatively shallow, with earth or 200 litre drum linings. They contained organically polluted 
water, probably from septic tank infiltration. The only one breeding contained Cx. quinquefasciatus.  
 
Non-residential breeding sites 
 
Salt and brackish water swamp areas. The Comoro Beach coastal area to the west of the Pertamina base had a number 
of tidally influenced coastal flats behind beach areas and connected to the sea via culverts under a coastal track. Deep 
pools were present in the creeks where they emerged onto the coastal flats. Small, shallow, isolated, tidally influenced 
pools, with dense marginal couch grass, were present in the open, flat area near to the coastal access track. The area of 
brackish and rain flooded areas would be much more extensive in the wet season. The general area contained 
potentially very productive mosquito breeding sites. 
 
The most numbers of larvae were found in the coastal swamp area near Comoro (Table 3). 
 
Table 3. General Larval Survey. Non Residential Ground Pools 

Type of Habitat 
  

Habitat Description  Species  Indicative 
no per dip 

Freshwater swamp 
Kaikoli 
  

Spring Fed, Fish 
Kang Kung/Pistia 
 

Nil N/A 

Brackish/ Tidal 
Comoro River 
mouth 
  

Couch grass 
Algae Mats 
Deep/Shallow pools  

An sundaicus 
An subpictus 
Cx sitiens 
Cx halifaxii 
Ae vigilax 
 

6 
2 
2 
2 

100 

Storm Drain 
Comoro 
  

Upper reaches, rain filled 
Grass, No fish  
 

Cx tritaeniorhynchus 2 

Rice Paddy 
Buirrio Pite  

Rain filled, clear 
Isolated pools, aquatic insects 
Shallow, vegetated , algae 
 

Cx tritaeniorhynchus 1 

Roadside Pool 
Buirrio Pite 
  

Rain filled  
Isolated grass 
Aquatic insects  

Cx tritaeniorhynchus 
Cx fuscocephala 

1 
1 

 
The smaller pools had very high numbers of fourth instar Ae. vigilax larvae in brackish water, which were 

probably the result of a recent tide and flooding by rain on 10-11 of December. These pools were closer to the culvert 
and received more tidal influence than the creek further inland. The presence of late instar larvae and pupae of An. 
sundaicus indicated that these pools had been present from the last tidal inundation up to a week previous. The deep 
creek had stagnant water with alga mats and relatively high numbers of Cx. sitiens and An. subpictus larvae and low 
numbers of Ae. vigilax larvae. The larvae were in the shelter of the algae mats, with relatively few in open water. The 
creek receives stormwater run off and outlets through the tide culvert. The numerous aquatic bugs and beetle larvae in 
the water indicated the perennial nature of the water.  
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Rice paddy areas. The rice paddy area was on the West side of Dili, from near the Comoro bridge, to near the foothills 
in Buirrio Pite. Most of the paddies were dry and uncultivated. The only water found in the paddy area was in a few 
small plots near the foothills close to the Comoro River. The deeper pools had algae and marginal grass growth and 
contained low numbers of Cx. tritaeniorhynchus larvae. The more extensive areas of shallow water had less dense 
grass growth, abundant aquatic bugs and beetles, and little mosquito breeding. There was a small concrete lined dry 
irrigation channel with control gates running from the Comoro River through the Buirrio Pite area which appeared to 
be the main distribution channel for nearby rice paddy and banana plot irrigation.  

 
Roadside pools. There were very few roadside pools observed. Those breeding Cx. tritaeniorhynchus and Cx. 
fuscocephala were rained filled with algae and grass (Table 3). 
 
Stormwater Drains. The urban drainage system in Dili was generally well constructed with formalized earth and 
concrete drains, which discharged to the sea. Some major drains in the city area contained considerable plant and 
household rubbish, with organically polluted wastewater and recent storm water flow. The drains near the swamp 
areas of Kaikoli contained ground water and were less polluted. Drain cleaning operations was observed during the 
survey. Most drains contained large numbers of the small Indian tooth carp fish, Aplocheilus panchax and no 
mosquito larvae. The drain with larvae contained a range of instars of Cx. tritaeniorhynchus in the upper reach that 
had not been flushing by storm flow. It had a deeper, more permanent pool, with algae and marginal grass growth, 
with larvae present in the dense vegetated shallow margins. The large drain starting in the vicinity of Kaikoli and 
flowing through the Motael area to the sea was concrete sided with an earth bottom. Relatively clean storm water was 
slowly flowing in the drain, which contained large amounts of kangkung. There was evidence of recent flushing flows 
in this drain and no mosquito breeding was found. 
 
Freshwater swamp areas. The Pertamina petroleum base east of Comoro beach contained a small swamp area of 
dense grass and tall Typha reeds. The habitat appeared to contain shallow permanent water in the reeds and would be 
more extensively flooded in the wet season. There was no access to the site for a larval survey. The Kaikoli area had a 
number of discrete spring and storm water supplemented fresh water swamp areas. The deeper non-cultivated areas 
had a mix of aquatic and semi aquatic vegetation including Pistia stratiotes (water lettuce), Ipomea sp. (kangkung), 
Spirodela sp. (duckweed), Typha sp. (bulrush reeds), and Eichornia crassipes (water hyacinth), together with a large 
number of fish and other aquatic predators of mosquito larvae. Banana trees and taro were growing on excavated 
elevated platforms within the marsh areas. Many areas of the swamp appeared to be ideal breeding sites for Mansonia 
uniformis but not conducive for the breeding of other mosquito species. Other flooded cultivated areas, either in storm 
water drains or in lots adjacent to drains, contained shallow water with kangkung. These areas generally contained 
numerous fish and other predators and no mosquito larvae.  
 
Rivers. The Comoro River was a very wide, stone and gravel bedded, steep banked river with braided stream flow. It 
was not conducive to mosquito breeding along the section from Buirrio Pite to the sea at the time of inspection. The 
Santana River arose in a much smaller catchment in the foothills south Balide. It was a small, steeply dropping, 
confined stream in the upper reaches and received wastewater from adjacent urban areas. It gradually widened as it 
neared sea level but the flow was wide and shallow within steep banks with no emergent vegetation. Most of the river 
was not conducive to mosquito breeding. 
 
Adult Mosquito Trapping 
 

The EVS traps set on 15 October 1999 near the UN caught few mosquitoes. Collections included moderate 
numbers of Ma. uniformis (39) and low numbers of Culex vishnui (5) and Cx. quinquefasciatus (2) in one trap in the 
Kaikoli area. Other single specimen collections were Cx. annulirostris (1) near the Comoro airport, and Cx. 
quinquefasciatus near a central Dili hotel. There were only 5 species detected by the three traps in December 1999. 
This included; Ae. albopictus (1) in an urban area near the lower Santana River; Cx. quinquefasciatus(2), Cx. 
tritaeniorhynchus (3) and Ma. uniformis(19) near Oxfam House in Kaikoli; and Cx sitiens (1); Cx. quinquefasciatus 
(1) and Ma. uniformis (2) at the upper reach of the Santana river. The traps detected no Ae aegypti.  
 
Miscellaneous Collections 
 

The collection in the sticky trap at Oxfam House included Cx. quinquefasciatus (4), Ae. aegypti (2) and Ma. 
uniformis (2). Mansonia uniformis was biting in the Kaikoli area in the evening with a biting rate of 96 per hour on 6 
December and 64 per hour on 29 November. Aedes vigilax was also collected in  the latter trap at a rate of 8 per hour. 
The resting collections included Tr. punctolateralis (3) and a male Ae. aegypti in the office at Care International, and 
Ae. aegypti (9) adjacent to an outside shaded mandi in Balide.  
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Larval Control 
 

The Indian tooth carp fish (Aplocheilus panchax) ate the Ae. aegypti larvae, including fourth instars, soon after 
being added to the mandies. The fish were alive the following day and no larvae remained. The larvae showed signs of 
distress half an hour after the addition of the temephos and all the larvae were dead after twenty-four hours.  
 
DISCUSSION 
 
Species Present 

At least 50 species of mosquitoes have previously been recorded from Timor (Lien et al 1975, Pinhao 1969, 
Pinhao 1974, and Whelan 1999). The current survey adds Cx. tritaeniorhynchus to the list of those species previously 
recorded. (Appendix 1) and removes the previous uncertainty of the presence of this species in Timor. Those species 
that were recovered in highest numbers during the present survey or which pose the greatest risk of disease 
transmission are discussed briefly below.  

 
Mansonia uniformis.  
The aquatic stages of Ma. uniformis are usually found in permanent to semi permanent water bodies in association 
with aquatic plants. This species was commonly associated with the aquatic plants Pistia stratiotes and Eichornia 
crassipes in Timor (Pinhao 1969).  It was also found attached to Ipomea aquatica in Irian Jaya (Assem and Metslaar 
1958). The latter species of plant is either identical or closely related to the kangkung found growing in Kaikoli and 
other areas of Dili during this survey and another previous survey (Whelan 1999). The collection of pupae attached to 
kangkung in Kaikoli during a previous survey indicated this plant as a favored breeding site of Ma. uniformis (Whelan 
1999). 

Mansonia uniformis was probably not present in kangkung in shallow or transient water in storm water drains. 
The presence of low numbers in the EVS trap in Balide indicate that there may be other localized breeding sites of this 
species in the Dili area. However Kaikoli is the largest and most productive breeding site. The results indicate that 
Ma. uniformis is a pest species in the Kaikoli area and will readily enter houses. The main pest period will probably be 
in the first two hours was after sundown. It is clear from the sticky trap, biting and EVS trap collections that the tooth 
carp fish is not effective in controlling Ma. uniformis. Mansonia uniformis has been found naturally infected, 
sometimes at a high rate, with Wuchereria bancrofti in Irian Jaya (Rook 1957) and is hospitable to Brugia malayi 
(Brug and Rook 1933).  It is unknown if there is an appreciable human reservoir of W. bancrofti in the Dili area. 
Although this species is capable of transmitting filariasis, it is probably not currently acting as a vector in Dili. Unless 
there is evidence of people infected with W. bancrofti in the Dili area, the potential for Ma. uniformis acting as a 
vector of this parasite is probably limited.  The potential of transmission of W. bancrofti by this species in the Dili 
area is likely to be restricted to the Kaikoli locality. 
 
Aedes vigilax.  
Aedes vigilax breeds principally in tidally influenced areas after spring tides or rain, in situations where tide water is 
retained after the highest tides of the year. The breeding sites are characterized by salt-water tolerant grasses and other 
plants. There were considerable potential breeding sites of this species in the beach areas of Comoro. Large hatches of 
this species in this area are likely to lead to a large pest problem, at least in the Comoro area, and other adjacent urban 
areas. The presence of Ae. vigilax in the biting collection in Kaikoli indicated that this species is dispersing at least 2 
km from tidal breeding sites. This species is a major pest in other areas of its distribution, and has been recorded as a 
pest in West Timor at the coast near Kupang (Whelan 1988).  It is a vector of Ross River virus and Barmah Forest 
virus in Australia (Russell 1998, Whelan et al 1997) and should be regarded as a probable vector of these viruses in 
Timor.  
 
Culex tritaeniorhynchus.  
Culex tritaeniorhynchus breeds in marsh areas, rice fields, ground pools, wells, ditches and puddles containing fresh 
or polluted water with grass, rice or other vegetation (Sirivanakarn 1976). In Sarawak, breeding of this species is 
closely correlated with agricultural activities, with peak breeding occurring in stagnant water over rice vegetation at 
harvest time and for about two months after (Heathcote 1970). This species has not been recorded previously from 
Timor. It may be a recent introduction from adjacent islands but is more likely to have been overlooked in previous 
surveys. The Cx. tritaeniorhynchus breeding in storm water drains and rice paddies is in close proximity to an urban 
population. While the productivity of most stormwater drains may be relatively low because of the presence of fish, 
the productivity in the rice fields may be much greater during and after the wet season. 

Culex tritaeniorhynchus has a preference for biting cattle or pigs but will bite humans (Lee et al 1989). This 
species is capable of transmitting Japanese encephalitis (JE) and is one of the most important vectors of the disease in 
South East Asia, due to its abundance and feeding behavior on infected host animals (Sirivanakarn 1976). The 
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presence of Cx. tritaeniorhynchus in the rice paddy areas indicates these areas have the highest potential for JE 
transmission.  

 
Culex fuscocephala.  
Breeding places include rice fields, wheel ruts, and pools with stagnant water (Bonne-Wepster 1954). It has been 
found in lakes, ponds, and transient pools with no vegetation (Colless 1957). It can be locally abundant in rice field 
areas, and general ground pools, ditches, ponds, rock pools, and marshy depressions. It is frequently found in 
association with Cx. vishnui, Cx. tritaeniorhynchus and An. subpictus (Sirivanakarn 1976). The females can be a pest 
problem indoors in the evenings, but prefers to feed on pigs and cattle (Sirivanakarn 1976). There is no vector 
information for the Australasian region, but it has been reported as naturally infected with Wuchereria bancrofti in the 
Philippines, and to be an efficient vector of JE in Thailand (Sirivanakarn 1976). It is likely to be a problem in the rice 
growing areas on the west side of Dili 
 
Culex vishnui.  
 There has been some speculation about the occurrence of Cx. vishnui in Timor (Lee et al 1989). The collections here 
confirm the record from Dili in a previous survey (Whelan 1999). Culex vishnui breeds in similar places to Cx. 
tritaeniorhynchus, Cx. fuscocephala and Cx. annulirostris. Adults of this species were previously found in the Kaikoli 
area. It was found breeding in an old buffalo wallow with green filamentous algae in the Desa Hera area east of Dili 
(Whelan 1999). Adults were recovered in relatively low numbers (5 per EVS trap) in the October 1999 trapping in the 
Kaikoli area. Favorable breeding sites may exist in the Kaikoli swamp areas and in rice growing areas. The numbers 
will probably be held in check by fish predation in the Kaikoli areas, but the breeding sites in the rice growing areas 
could be a lot more productive. Culex vishnui is regarded as a vector of Japanese encephalitis in South East Asia 
(Sirivanakarn 1976). 
 
Culex annulirostris.  
Culex annulirostris breeds in open sunlit freshwater swamps, creeks, lagoons, and depressions, often in association 
with semi aquatic reeds, grass or other vegetation. They will breed in artificial situations such as stormwater drains, 
grassy pools and depressions contaminated with sewage or other organic matter. It will also breed in brackish marsh 
areas, but are usually not found in sites exceeding one-third seawater. Larvae of this species were recovered in Dili in 
this and a previous survey (Whelan 1999) in fresh water with vegetation. This species is likely to be seasonally 
present and possibly abundant in rice growing areas, and the fresh and brackish marsh areas in the Comoro area. Culex 
annulirostris is regarded as a vector of W. bancrofti in Irian Jaya (Rook 1959) but in most other localities it is 
regarded as having little or no significance as a vector of filariasis. This species is regarded as a major vector of 
Japanese encephalitis, Murray Valley encephalitis, Ross River, Barmah Forest, and Kokobera, all of which are known 
to cause human disease (Russell 1998).  

 
Culex quinquefasciatus.  
Culex quinquefasciatus breeds in all kinds of artificial breeding places near human habitation, often in water that has 
some level of pollution. It can be found in septic tanks, wells, stormwater drains and sewage ponds in very high 
numbers. High numbers of larvae were recovered previously in central Dili in sites with no fish including, household 
drains with sewage pollution, the end point of a storm drain on the beach, and a polluted urban storm drain near the 
stadium (Whelan 1999). Only low numbers of larvae were found during the present survey, except in the polluted 
ground pool near Oxfam house. Their absence is attributed to recent flushing rain. Only low numbers of adults of this 
species were recovered in the EVS traps. Collections of this species in EVS traps generally underestimate the pest 
situation in any area. This species is likely to be present in pest numbers in many areas of Dili, particularly in the dry 
season. Culex quinquefasciatus is regarded as a major vector of nocturnal periodic W. bancrofti in some areas 
(Ramalingam 1968). It is of minor importance as a vector of filariasis in New Guinea (Rook 1959). It should be 
regarded as a pest species here unless there is evidence of W. bancrofti in the human population of Dili. 
 
Aedes aegypti.  
Aedes aegypti breeds principally in rain filled artificial containers or potable water storage in residential areas. The 
following relationships have been suggested between the calculated indices of containers with Ae. aegypti and the 
transmission of dengue (WHO 1972) (Table 4). 
Table 4: Indices for dengue transmission 

 House 
Index 

Container 
Index

Breteau 
Index 

Transmission unlikely 1-3 1-2 1-4 
Significant risk 4 -37 3-20 5-49 
High risk 38 and over 20 and over 50 and over 
Indices Dili Dec. 1999 55 29 135 
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 The House index, container index and Breteau index places Dili in the high-risk category for dengue 

transmission. These indices do not take account of the productivity of each container. The high proportion of 200 litre 
drums and mandies containing Ae. aegypti indicates the risk from dengue transmission in Dili is very high. The results 
of the residential inspections support the results of the house container survey, and confirmed that Ae. aegypti was 
breeding in close proximity to people. The EVS trap method is not efficient at detecting the presence of Ae. aegypti 
mosquitoes. The best methods are either larval surveys or adult biting collections inside or near houses. The recovery 
of two Ae. aegypti in the sticky trap indicates that this method may be useful to detect the presence of this species 
inside houses, but it is not as fast and effective as a larval survey and did not reflect the productivity of this species in 
the nearby mandi. Aedes aegypti is regarded as the most efficient vector of dengue. Dengue is known to be a problem 
in West Timor and was emerging as a problem in East Timor during the present survey (Dr Jim Black, Dr Sandra 
Chaves WHO Dili pers. com.). The current survey indicates the high risk of a dengue outbreak in Dili. 

 
Aedes albopictus.  
Aedes albopictus has similar breeding sites to Ae. aegypti.  It can also be found in natural water holding containers 
such as tree holes or bromeliads, and away from human habitation in rural and natural areas. It is a vector of dengue 
but usually less efficient than Ae. aegypti. However it adds to the range of breeding sites and situations for exposure to 
dengue virus, so its presence increases the potential for dengue transmission in Timor. 
 
Anopheles subpictus.  
This species has a wide range of larval habitats.  It is found in coastal swamps and pools in brackish or even very 
saline water (up to 8.6% salinity) and in temporary ground water (Lee and Woodhill 1944).  It has also been found in 
buffalo wallows, rice fields, drains, garden furrows and in dirty, variably polluted water (Bonne-Wepster and 
Swellengrebel 1953). Common breeding places in East Timor have been small pools with sandy or muddy bottoms 
with Spirogyra algae, or small muddy puddles in the wet season (Azevedo et al 1956). 

As adults feed readily on humans, this species must be regarded as a probable vector of malaria in Timor and is 
likely to be an important vector, at least along the coastal belt in the late wet to early dry season (Lien et al 1975). It is 
considered to be the main malaria vector in East Timor, at least around Dili (Ferriera and Breda 1961). Anopheles 
subpictus was not recorded from central Dili in the present survey, and hence Dili may be relatively free of malaria. 
However it was found in the Comoro area and is likely to be present in this area in relatively high numbers from the 
start of the rainy season to the late dry season. The presence of a relatively high number of An. sundaicus and An. 
subpictus larvae near Comoro indicates that this general area may pose the greatest threat for malaria transmission in 
the Dili area. This site was within one kilometre of a large hospital and hence poses additional risks. 
 
Anopheles sundaicus.  
Anopheles sundaicus larvae occur in coastal brackish waters, such as swamps and fishponds, with floating algae.  It is 
commonly found in water with salinities between 1.2% and 1.8% but is absent when the salinity reaches 4%. It is 
found primarily in ponds, enclosed lagoons and natural pools not subject to regular tidal influence, with an optimal 
salinity of about half seawater. Adults rest both indoors and outdoors during the day and readily enter houses and feed 
on humans (Reid 1968).  They are reported as strong fliers, dispersing up to 5km (Bonne-Wepster and Swellengrebel 
1953). This species is an important malaria vector in coastal areas throughout its range. It has been implicated as a 
malaria vector in Dili, Timor (Ferreira and Breda 1961). High numbers could be expected in the Comoro area in the 
wet season to mid dry season. With its strong dispersal ability, it could be present within 2 kilometers of the Comoro 
breeding sites to pose a risk for malaria transmission. Adult and larval mosquito surveys of these breeding sites and 
the adjacent areas should be carried out to indicate the number and extent of Anopheles mosquitoes in this area. 
 
Tripteroides punctolateralis.  
This species breeds in artificial containers such as tyres, drums and tanks, often with organic matter and some 
pollution. The adults bite people readily. Their presence indicates potential breeding sites for Ae. aegypti and Ae. 
albopictus. They are not regarded as vectors of disease in Australasia. 
 
Breeding site Control 
 
Freshwater Pistia/kangkung swamp areas. The range of mosquito species found in the Pistia/kangkung swamp areas 
will require a range of mosquito control strategies. The implementation of any one strategy will depend on the 
presence of disease transmission in this area and the vectors responsible. If there is no evidence for disease 
transmission and there are relatively low numbers of vector mosquitoes in the area, there may still be a case for larval 
control to prevent pest levels of Ma. uniformis. Small fish and other aquatic predators already largely achieve natural 
mosquito control. Any insecticide larval control should be limited to those insecticides such as Bacillus thuringiensis 
var. israelensis (Bti) or methoprene that have no deleterious effects on fish. Bti should be used for short term or 

F:\ENTO\ento_files\public_information\Published Information\Scientific Publications\Arbovirus Research 
Conferences\2001-2010\A Mosquito Survey of Dili - 2001.doc 

9



immediate control because of the safety and ease of application, and the ease at which control can be visually 
assessed.  Backpack spray machines or hand held pressure sprayers would be the most practical method of application 
of larvicides in this area. 

Control of the uncultivated aquatic and semi aquatic plants by weedicide may provide more extended control 
by removing or reducing a favorable aspect of their habitat. The shallow flooded cultivated areas of kangkung should 
not be weedicided. No sites should be weedicided unless vector species mosquito larvae are present in sufficient 
densities to warrant the treatment. This aspect will require regular inspections and appraisal. For longer-term control, 
non-cultivated areas of the Kaikoli swamp could be reclaimed or more intensely developed for horticulture. Any 
redevelopment that removes the shallow cut off pools or improves access for fish will reduce the amount of mosquito 
breeding, although there will need to be an assessment of various swamp habitats for Ma. uniformis breeding sites. 

 
Salt water/brackish water swamps, creeks and lagoons. The most important species likely to be found breeding in 
these sites are An. sundaicus and An. subpictus, Ae. vigilax, Cx. sitiens, Cx. vishnui, Cx. fuscocephala, Cx. 
tritaeniorhynchus and Cx. annulirostris. Surveys and control of the Anopheles species at these specific sites should be 
carried out on an ongoing basis, particularly in the wet season and post-wet season. Control of Ae. vigilax and Culex 
species would only be warranted if there was sufficient evidence for the occurrence of  JE or other arboviruses in the 
general area. Surveys and timely control for Ae. vigilax will require larval surveys two or three days after the highest 
tides of the month or after appreciable rain (more than 10 mm). 

Application of Bti by backpack or handheld pressure sprayers would be the most practical short-term larval 
control method in these habitats.  Cost effective control will be dependent on surveys to find the concentrations of 
larvae. If concentrations of larvae are associated with emergent semi-aquatic reeds, weedicides such as glyphosate 
would be useful to achieve medium term control. The introduction of the tooth carp or another native fish should be 
trialed in these areas. Longer-term control should rely on engineering methods to either drain areas, install tidal flap 
valves on the drains to the sea, or provide steep non-vegetated margins of open or flowing water. The Typha area near 
Comoro could either be filled, or deepened to achieve control.  

 
Paddy Fields. The paddy fields are likely to be productive breeding sites in the wet to mid dry season. Larval surveys 
will be necessary to determine the species and location of breeding. Larval control may require cultural modification 
to rice-growing practices, including changes to the timing and extent of irrigation, or removal of grass before flooding. 
The tooth carp could be transferred to the paddies. The most efficient way to distribute fish may be to introduce them 
into the main irrigation channel.  
 
Urban Stormwater Drains. Culex quinquefasciatus is likely to breed in urban stormwater drains or other wastewater 
accumulations. However less polluted areas may have Cx. vishnui, Cx. fuscocephala, Cx. tritaeniorhynchus and Cx. 
annulirostris larvae present. The Indian tooth carp is currently offering considerable control in the storm drains. It can 
withstand temperatures up to 45° and considerable pollution. There should be an assessment of the drains and a 
program of fish transfer wherever suitable. Bti should be used in drains to minimize adverse effects on fish.  The Bti 
will need to be applied in a relatively high concentration to the more polluted sites. Methoprene pellets or briquettes 
could be applied to the more persistent or productive breeding sites that are not flushed by stormwater.  

The drain clearance program already in progress could be expanded to achieve medium to longer-term control. 
Sand blocking stormwater at the end point of drains on the beaches should be regularly removed. This could be 
performed by relatively unskilled people and could be a useful employment program, with simple tool requirements 
and minimal supervision. Drains should not be excavated deeply, to prevent them become accumulations of stagnant 
or slow moving water. The drain maintenance spoil should be removed from the drain vicinity and placed in nearby 
depressions. Drains modified for growing kangkung near the centre of Dili may need no silt removal or modification, 
as long as they are monitored to detect if and when mosquito breeding occurs in them. 

 
Rainwater holding rubbish . There was a rubbish clean up campaign during the present survey. Water holding 
containers such as the old tins and drums could be holed to prevent mosquito breeding or collected and compacted by 
a bulldozer.  All disused water holding containers could be buried in sanitary landfill operations. Used vehicle tyres 
could be cut up, shredded or recycled in some way. It is unsatisfactory to bury them in landfill operations. At least 
they could be stored in one area so that they can be inspected and treated with insecticide when necessary. 

Accumulations of containers could be treated with an insecticide such as Bti, temephos 1 % granules 
(Abate™), methoprene granules or pellets, or deltamethrin. Deltamethrin should not be used if any run off from the 
treatment areas is likely to enter drains or areas with fish. These insecticides should give control for a few weeks to a 
few months. These insecticides could be applied by hand or mechanical spreaders. There is a need for a public 
education campaign to eliminate container-breeding sites. Remedies could include emptying containers on a weekly 
basis, storing containers under cover, or adding sand to pot plant drip trays to remove free water surfaces. 
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Household water storage. Potable water storage drums or other containers used to store water should be sealed to 
prevent mosquito entry. If possible, reticulated water supplies should be connected to as many urban areas as possible 
to remove the need for temporary water storage. If water has to be stored in small quantities, it would be better stored 
in clear plastic Jerry cans with screw top lids so that there is a reduced possibility for mosquito entry, and infestations 
of larvae can be easily seen. Water in larger quantities in large plastic or metal tanks should have mosquito proof 
covers or lids, or be treated with kerosene. The 200 litre drums for storing water should have a screened filling hole. A 
screw-in tap in the bottom of the drum could provide take off water without opening the drum. Mandies and 200 litre 
drums with open tops could be stocked with fish. Supplementary feeding of the fish may be required. Fish could be 
staged through clean water for a few days when initially stocking to prevent contamination of water. Bti or 1 % 
Abate™ (temephos) granules could be used in situations where the water is not used for drinking. or bathing.  
 
Septic tanks and sewage. There may be localised Cx. quinquefasciatus breeding in unsealed septic tanks and sewage 
and wastewater contaminated ground pools.  Septic tanks can be sealed and screened to prevent mosquito entry. 
Control in polluted ground water can be achieved by draining to a storm water drain system. If a sewerage system is 
constructed in Dili, it must be adequately designed and maintained to prevent mosquito breeding. 
 
Wells. Wells do not appear to be a breeding site for Ae. aegypti in the Dili urban area. However they could be breeding 
sites in other areas. This would need to be verified by a funnel larval trap (Russell and Kay 1999). Mosquito breeding 
in wells could be controlled by Bti or Abate™ as above. A suitable alternative is the addition of 5 to 10 mls of 1% 
castor oil to 99% kerosene (Taylor 1948). 
 
Disease risks and disease reduction recommendations 
 

Dengue. There is very high risk of a dengue outbreak in Dili. The principal breeding places around the houses 
could be controlled, but require intensive and culturally appropriate education programs. There will need to be 
specific source reduction measures for mandies and 200 litre drums. The potential for disease transmission could be 
reduced by the application of deltamethrin to walls, both inside houses and outside near mandies. Temporary personal 
protection with impregnated clothing, mosquito nets, and repellents would offer benefits for short-term visitors 
including troops, aid workers, business people and tourists, but will require different education programs. 
There is a high risk of exporting dengue vectors to Australia in machinery and equipment by vessels. This could be 
reduced by specific Australian aid with quarantine assistance and  source reduction and insecticide control  in 
receptacles in the port areas. 
 
Malaria. There are limited Anopheles breeding sites in urban Dili and much of central Dili may not pose a risk for 
malaria transmission. There are however productive An. subpictus and An. sundaicus sites in the west outskirts of Dili.  
Potential Anopheles sites are also adjacent to the rice paddies areas on the west side of Dili. Source reduction 
measures in these areas could include draining, filling and installation of tide valves. Cultural control in rice areas 
could be achieved by the use of fish, and water and vegetation management. Insecticide control would be feasible in 
coastal breeding sites as a short term control strategy. Impregnated bednets offer the best immediate measure to 
interrupt transmission but will require intensive education and re-impregnation measures. Residual sprays on walls 
could achieve transmission interruption for both dengue and malaria. Personal protection, screening bed nets and 
avoidance of risk areas after sundown will afford short-term visitors protection. Australian aid would be useful to 
determine transmission locations and characteristics in the various areas of Timor 
 
Japanese encephalitis. Many potential vectors are present on the western outskirts of Dili, although seasonal 
fluctuations and relative numbers need assessment to better evaluate the risks in the various areas. Primary breeding 
sites are likely to be in rice fields. Biological control with fish and cultural control should be targeted for these areas. 
The JE potential would be relatively small in urban Dili, but the presence of numerous pigs in urban areas indicates 
that these risks should be assessed closely. It would be worthwhile to encourage the reduction of pigs in urban areas, 
and isolation from residences in rural areas. Bed nets offer the best protection strategy for residents. 
Most JE vectors are night biters, so personal repellents, bed nets, and avoidance of risk areas are good risk reduction 
strategies for short-term visitors. The confirmation of JE in Timor increases the risk of wind assisted transfer of 
infected vectors or birds into northern Australia and requires increased surveillance measures across the NT and WA. 
 
Filariasis. Three species of filaria are probably present in Timor. The potential vectors are Cx. quinquefasciatus, An. 
subpictus, and Ma uniformis. High numbers of two of these are present in urban Dili, with the highest number of Ma 
uniformis restricted to Kaikoli locality. There is a need to conduct an assessment of filariasis in Timor, and in the 
Kaikoli locality in particular, before specific source reduction and control measures are implemented. 
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APPENDIX 1 
 MOSQUITO SPECIES REPORTED FROM TIMOR* 
*All reported in Lien et al.(1975), Pinhao (1969) and Pinhao (1974), except reported here by Whelan (1999) # and 
Whelan and Hapgood (2000) *. 
 
Anopheles Aedes Culex Others 
(Ano) argyropus 
(Ano) barbirostris 
(Ano) barbumbrosus 
(Ano) nigerrimus 
(Ano) sinensis 
(Cel) aconitus 
(Cel) annularis 
(Cel) ludlowae 
(Cel) maculatus 
(Cel) flavirostris 
(Cel) subpictus 
(Cel) sundaicus 
(Cel) tessellatus 
(Cel) vagus 
 

(Adm) alboscutellatus 
(Adm) vexans 
(Fin) aureostriatus 
(Fin) kochi 
(Muc) alternans 
(Neo) lineatopennis 
(Och) vigilax 
(Stg) aegypti 
(Stg) albopictus 
(Geo) sp. 
(Mac) sp. 
 
 

(Cux) annulirostris 
(Cux) annulus 
(Cux) bihamatus 
(Cux) bitaeniorhynchus 
(Cux) fuscocephala 
(Cux) gelidus 
(Cux) quinquefasciatus 
(Cux) pseudovishnui 
(Cux) sitiens 
(Cux) starckeae 
(Cux ) tritaeniorhynchus * 
(Cux) vishnui # 
(Cux) whitmorei 
(Cui) spathifurca 
(Eum) malayi 
(Eum) foliatus 
(Eum) laureli 
(Lop) sp. * 
(Lop) rubithoracis 
(Lut) halifaxii  
 

Aedeomyia  
(Ady) catasticta # 
 
Hodgesia 
Hodgesia sp # 
 
Mansonia  
(Mnd) uniformis 
Mimomyia 
(Eto) luzonensis 
(Mim) metallica 
 
Tripteroides 
(Trp) magnesianus 
(Pol) punctolateralis 
 
Uranotaenia 
(Ura) campestris 
(Ura) lateralis 
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