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INTRODUCTION 
 
 This paper deals with two categories of detection of exotic mosquitoes in the Northern Territory (NT). The 
first deals with the detection of an exotic Culex species recently established in the NT. The second deals with exotic 
species detected at points of importation and the measures used to prevent their establishment. 
 
Culex gelidus 
 

Culex gelidus is found in India China, Thailand, Indonesia, Timor and Irian Jaya (Lee et al 1989).  It has 
never been recorded from Australia, although a specimen was recovered in collections of dead insects accumulated 
in aircraft arriving at international airports in Australia (Russell et al 1984). The first detection of Culex gelidus in 
Australia was an established larval population breeding in a small freshwater swamp in grassland near the Brisbane 
airport in June 1999 (Muller 1999). It was postulated that the establishment was probably from an importation via 
aircraft arriving at Brisbane airport from overseas. There were no further records of this species in the Brisbane area 
after a larval control program. It was thought that the importation was recent, establishment was limited in extent, 
and had been eliminated.  

The next indication of Cx. gelidus in Australia was from a single specimen, initially identified as Culex 
vicinus, collected in routine adult mosquito monitoring from Alice Springs in the NT in February 2000. This paper 
describes the first and subsequent detections of Cx. gelidus in the NT. The possible source, mode of spread, potential 
health threat, and the potential introduction of other Culex species to Australia are discussed. 
 
Exotic Aedes 
 

Aedes aegypti, the primary vector of dengue disease, has long been established in Queensland (Marks 1973, 
Sinclair 1992). Aedes aegypti was formerly recorded from the NT (O'Gower 1958) but it disappeared sometime 
between 1956 and 1969 and the NT is now regarded as free of dengue vectors (Whelan 1991).  Aedes albopictus is 
not present in Australia but importation interceptions have been reported (Kay et al 1990). The absence of both 
species in the NT has been confirmed by continuous active surveillance and monitoring programs conducted from 
1974 (Whelan 1991, Whelan and Tucker 1998). The NT is both vulnerable and receptive to the introduction of both 
species from either Queensland or overseas in the case of Ae. aegypti, or from overseas in the case of Ae. albopictus. 
The port areas of Darwin are most vulnerable to the importation of both species from overseas, with 31 detections of 
both species made from 1974 to 1998, with a considerable increase in detections from 1994 to 1998 (Whelan and 
Tucker 1998). 

This paper details the importations of the recent importations of exotic Aedes and other species in the 
Darwin port areas from the beginning of 1998 to June 2000. The modes of importation, the sources, and the 
elimination procedures are discussed, together with the requirements for increased and improved surveillance in the 
NT and other ports in Australia.  
 
METHODS 
 

Both endemic mosquito monitoring and exotic mosquito surveillance are conducted in the NT. The 
Territory Health Services (THS) conducts a widespread mosquito monitoring program and both THS and the 
Australian Quarantine and Inspection Services (AQIS) conduct exotic surveillance around airport and port areas. 
The details of the exotic surveillance programs has been reported previously (Whelan and Tucker 1998). 
 
Mosquito monitoring 
 

The THS conducts weekly adult mosquito monitoring at all the major towns in the NT using carbon 
dioxide baited EVS traps (Rohe and Fall 1979). Traps are set at a number of sites in each town, generally at long 
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established sites near major potential sources of mosquitoes and adjacent to residential areas. A review was carried 
out of mosquito monitoring records from 1974 to June 2000 to determine when and where increased numbers of Cx. 
vicinus and other species that resemble adult Cx. gelidus occurred that could indicate a recent introduction of Cx. 
gelidus.  A re-inspection was also made of all available reference collection specimens of these species. 

Larval monitoring is carried out in the major towns in potential mosquito breeding sites adjacent to urban 
areas as part of a regular mosquito monitoring and control program. Larval records were also available from specific 
larval survey and control operations, such as those in Katherine following floods in 1999.  

Following the first record of Cx. gelidus in the NT, specific larval surveys of wastewater ponds were 
carried out in Darwin and Katherine. Larvae that resembled Cx. gelidus were link bred to adults. Identification was 
by comparison with photographs supplied by Mike Muller, and relevant keys (Sirivanakarn 1976, and Lee et al 
1989). 
 
Exotic mosquito surveillance 
 

THS carries out exotic mosquito surveillance in Darwin using ovitraps set in various port, airport, vulnerable 
interstate importation sites such as trucking yards and tyre yards, and within suburban areas. Ovitraps are also set 
near the port and airport in Nhulunbuy in the North East of the NT and Alyangula on Groote Eylandt. Ovitraps are 
inspected weekly, the paddles are collected and dried, and any larvae in the ovitraps or hatched from the paddles are 
reared to fourth instar for identification. (Whelan and Tucker 1998). 
 THS also carries out larval searches of water filled receptacles at vulnerable points of importation of Aedes 
mosquitoes from Queensland. These sites include caravan parks, plant nurseries, tyre yards, removalists and 
trucking yards in Darwin. Larval and adult searches are also made every few years at towns and stations between the 
Queensland border and Katherine. 

AQIS carries out inspections for adult mosquitoes on every vessel and plane arriving in the NT from 
overseas. AQIS also conducts specific searches for receptacles containing water or larvae on all overseas vessels and 
their cargo (Whelan 1998). All larvae and pupae or pupal skins, or as many as possible, are collected from any 
positive receptacle. Preliminary identifications are carried out by AQIS on the day of interception. Risk importations 
are classified as possible importations of live adults with a risk of establishment. 

AQIS sets ovitraps around the various port areas and the airport in Darwin. Eggs and larvae collected from 
the ovitraps are reared to late instar and initially identified by AQIS personnel. Any potential exotic importations are 
referred to THS for identification or confirmation on a same day basis. AQIS also sets EVS traps around the port 
areas and airport in Darwin on a weekly basis. The mosquitoes collected in these traps are identified by THS. 
 
RESULTS 
 
Culex gelidus 
 

The first indication of Cx. gelidus in the NT was from a single adult collected on 16 February 2000 in Alice 
Springs in the weekly EVS traps. The specimen was initially identified as Cx. vicinus. Culex vicinus adults are 
superficially similar to Cx. gelidus in appearance, with a cover of frosty white scales over the front two thirds of the 
top of the thorax. However a review of the results indicated that there were no previous records of this species south 
of Tennant Creek, approximately 450 kilometres to the north. The specimen from Alice Springs was re-examined 
and found to be probably Cx. gelidus. Increased vigilance was placed on the identification of Cx. vicinus and other 
Culex species with similar appearance to Cx. gelidus. 

 MEB trap collections from Katherine on 9 March 2000 detected 89 individuals identified as Cx. vicinus 
during MEB aerial larval control operations following the February floods. A review of trap results over a number 
of previous years indicated this number was well outside the expected numbers of this species in this area. A 
detailed examination of these specimens indicated they were similar to the Alice Springs Cx. ? gelidus specimen. 
There was however some uncertainty of the identification over a discriminating character in published keys. 
Resolution of the uncertainty required link bred specimens. 

Larval surveys were carried out in Katherine on 20 March to locate breeding sites. Prolific breeding was 
found in dairy wastewater, meatworks wastewater ponds, and a sewerage treatment facility overflow area. All these 
areas had been aerial treated with Bti insecticide approximately a week earlier during flood mosquito control. 
Larvae collected conformed to the published descriptions of Cx. gelidus (Sirivanakarn 1976, Muller 1999). The 
identification of Cx. gelidus was confirmed on 21 March when Cx. gelidus were reared from a pupa collected with 
the larvae, and link bred specimens were reared on 23 March. Richard Russell verified the identifications.  

A survey of wastewater ponds in the Darwin region was started on 22 March and detected prolific Cx. 
gelidus breeding in a piggery waste water pond in the Palmerston vicinity, and a primary sewerage treatment pond 
near Batchelor (Fig 1).   
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Figure 1. Cx. gelidus records from EVS traps and larval collections 1996-2000 THS 
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A review of adult reference specimens of Cx. vicinus, Cx. cylindricus, Cx. starckeae and Cx. crinicauda 
found a single adult Cx. gelidus from an urban monitoring collection in June 96 in the Casuarina site in Darwin. 
There were no further specimens in the Darwin area until January 2000. Other specimens were detected from 
collections in other locations (Table1, Fig 1). 
 
Table 1. First adult Cx. gelidus collections by locations from reference collection 
 

Earliest date Collection type Location No. of adults/ 
EVS trap 

18-Jun-96 Routine monitoring Darwin urban 1 
7-Feb-97 Routine monitoring Katherine 1 
26-Feb-98 Queensland border Borroloola 1 
25-Nov-99 Non monitoring Darwin rural 5 
16-Feb-00 Routine monitoring Alice Springs 1 
16-Feb-00 Routine monitoring Brocks Ck. mine site 1 
24-Feb-00 Routine monitoring Tom’s Gully mine site 1 
23-Mar-00 Non monitoring Batchelor 3 
23-Mar-00 Non monitoring Woodcutters mine 3 
29-Mar-00 Routine monitoring Jabiru 2 

 
There were 30 reference specimens of Cx. vicinus from the Darwin area from 1977 to June 1996. All these 

reference specimens of Cx. vicinus have been confirmed, indicating that there were no Cx. gelidus in the area prior 
to 1996. 

A review of Cx. vicinus adult monitoring records from Darwin between 1977 and April 2000 indicated that 
the highest collections were around 30 per EVS trap per night. The highest collections were in May 1982 at Marrara 
Swamp (29) and in March 1979 near Coconut Grove swamp (30). Both areas previously contained algae pools 
favored as a breeding site for Cx. vicinus. The numbers of Cx. vicinus in Darwin monitoring did not exceed 11 per 
EVS trap from June 1984 until December 1998, except for one collection of 16 per trap night in a swamp area in 
1990 which had one individual reference specimen confirmed as Cx. vicinus. In December 1998 there were 19 
specimens of Cx. vicinus? in the Karama trap, which was near to an organic polluted swamp and storm drains. 
Uncharacteristic high collections also included 27 Cx. vicinus ? in November 1999 and 32 in January 2000 from the 
vicinity of the Leanyer sewerage ponds. 
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An examination of records of weekly adult EVS trap collections of Cx. vicinus in Katherine indicated an 
increase in this species starting in February 1998 in the vicinity of the meatworks and the dairy. Culex vicinus had 
not exceeded 5 per trap from 1977 to February 1998. After 1998, relatively high to high numbers were collected 
each wet season (Fig 2). 
 
Figure 2. Highest adult Cx. vicinus per trap per night Katherine all sites, 1984-2000 
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The review of larval reference specimens of Cx. quinquefasciatus  indicated Cx. gelidus larvae in a number 

of towns, with the earliest at Mataranka in 1998. This included Cx. gelidus larvae in a tyre at the Katherine dairy in 
February 2000 (Table 2). 
 
Table 2. Cx. gelidus breeding sites 
 

Town Collection type Date 1st 
detected 

Habitat description Number/ 
dip 

Darwin Non routine larval 22/3/00 Piggery waste water  100 
Toms Gully mine Non routine larval 10/4/00 Mine holding dam 100 
Batchelor Non routine larval 22/3/00 Sewage ponds 345 
Katherine Routine larval 8/3/00 Dairy waste water 

Billabong at dairy 
Tyres at dairy 
Stormwater overflow 
Meatworks waste water 
Rain pools at dump 
Rain pools at Golf club  

100 
31 

4 
2 

100 
2 
3 

Nutwood Downs 
station 

Non routine larval 8/3/00 At edge of swamp near 
homestead 

<1 

Mataranka Container 
breeding 

23/2/98 Bird bath 1 only 

Alice Springs Routine larval 29/3/00 Sewage pond outfall into 
swamp 

1 only 

The confirmed records of Cx. gelidus and other species resembling Cx. gelidus were plotted. This indicated 
that Cx. vicinus were not found south of Mataranka (Fig 3).  
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Figure 3. Cx. vicinus records from EVS traps and larval collections 1996-2000 THS 
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Culex crinicauda were not found south of Tennant Creek. Culex starckeae were found over a wide area from 

Darwin to Alice Springs. The larvae of Cx starckeae and Cx. vicinus cannot be separated and hence were not used in 
the distribution plotting. 
 
Exotic Aedes 
 

There have been 16 interceptions of exotic mosquitoes in Darwin from 1998 to June 2000. This includes one 
(1) interception from an AQIS ovitrap and fifteen (15) interceptions from overseas vessels on arrival in Darwin. 
Illegal fishing vessels were the most frequent mode of importation prior to 2000. There was a jump in the category 
of larger cargo vessels in 2000. The majority of interceptions were made in the first 6 months of 2000 (Table 3). 
 
Table 3. Interception of exotic mosquitoes by vessel type. Darwin 1998-2000 
 

Vessel Type 1998 1999 2000 to June Totals 
Illegal fishing vessels 2 3 3(0) 8 
Refugee vessels   1(1) 1 
Cargo vessels  1 5(3) 6 
Unknown (Onshore Ovitraps)   1(1) 1 
Totals 2 4 10(5) 16 

*Risk importations ( ) 
 
The interceptions were primarily from Indonesia (11) with the next frequent being the newly independent East 
Timor (3) (Table 4). 
 
 
Table 4. Interception of exotic mosquitoes by country of last port. Darwin 1998-2000 
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Species 1998 1999 2000 Totals 
Indonesia 1 3 4(1) 8(1) 
Singapore  1  1..  . 
West Timor ( Indo) 1  2(1) 3(1) 
East Timor   3(2) 3(2) 
Unknown (ovitrap)   1(1) 1(1) 
Total 2 4 10(5) 16(5) 

*Risk importations ( ) 
 

The points of interception were from a range of locations around Darwin, with most made at shore backed 
inner harbour private mooring facilities (7). The risk importations were primarily from these private facilities (Table 
5). 
 
Table 5. Points of Interception of exotic mosquitoes. Darwin 1998-2000 
 

Point of Interception 1998 1999 2000 Totals 
Rooneys, Hudson Creek   4(2) 4(2) 
Quarantine moorings 2 3 3…. 8… 
Patrol boat base   1(1) 1(1) 
Perkins, Sadgroves Creek  1 2(2) 3(2) 
Totals 2 4 10(5) 16(5) 

*Risk importations ( ) 
 
The most frequent species intercepted was Ae. aegypti (13), followed by Ae. albopictus (3) (Table 6). 
 
Table 6. Interception of exotic mosquitoes from vessel arrivals by species and year. Darwin 1998-2000 
 

Species 1998 1999 2000 Totals 
Aedes aegypti 2 3 8(4) 13(4) 
Aedes albopictus   2(1) 2(1) 
Aedes scutellaris   1… 1… 
Tripteroides punctolateralis 1   1… 
Culex quinquefasciatus  1 1… 2… 
Total 3 4 12(5) 19(5) 

*Risk importations ( ) 
 

The interceptions were mostly from steel or plastic 200-litre drums (7) used for storing drinking water. Other 
modes of importation were other drums for water storage (3), vehicle tyres (3), machinery (2), rubbish (1) and an 
onshore ovitrap (1). The 200-litre drums (6) and other drums (3) were primarily from fishing vessels (6), while the 
refugee vessel had a 200-litre drum. The risk importations were from single instances in tyres, machinery, rubbish, 
and a 200-litre drum, with one unknown (onshore ovitrap detection). All the tyres, machinery, and rubbish were 
from cargo vessels, while the water drum was from a refugee vessel. 

THS had earlier drawn up a protocol for the detection, inspection and eradication of imported mosquitoes 
(Whelan 1998). This protocol was largely followed except for the treatment of receptacles and other on shore 
measures after the first risk importation in 2000. All receptacles with water were super-chlorinated and the vessels 
where adults or pupal skins were observed were manually fogged with aircraft disinsection spray containing d- 
phenothrin and pipyronol butoxide.  

After the risk importation in 2000, the entire port areas within 400 m of the fence of each port premise or 
facility was fogged on the evening of detection with the adulticide Bioresmethrin using a Leco ULV fogger. A 
quarantine restriction was placed on the movement of all receptacles such as tyres. All port premises were inspected 
for receptacles containing water and larval samples were taken from positive containers. The inside surfaces of all 
receptacles, whether positive or negative, were sprayed with a 5% solution of deltamethrin to point of run off with a 
pressure sprayer. All receptacles were marked with coded colour spots to indicate the date of location and date of 
spraying. Only those receptacles with two spots were allowed to be moved. Premises clean ups of all receptacles 
were instituted for all interception premises and within 400 metres of their boundary. 
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DISCUSSION 
 
Culex gelidus  
 

The detection of this species in the NT follows the first detection of this species in Australia at Brisbane in 
June 1999 (Muller 1999). It is now clear that this species is distributed very widely across the NT. It is probable that 
the species will be located at many other locations in the NT, as the present larval searches have been limited and 
adult trapping largely confined to larger towns. 

The failure to detect Cx. gelidus earlier in routine mosquito monitoring is understandable, as trap collections 
were away from presumed points of importation such as the Darwin port and airport areas. The usefulness of 
reference specimens of Cx. vicinus? from Katherine, Darwin and Alice Springs illustrates the vital importance of 
regular monitoring, the thorough identification of all species, the regular collection of reference specimens from all 
localities, and up to date records with a regular critical review of monitoring results. The difficulty in identification 
of the initial adult specimens was a result of a lack of staff awareness and a lack of clarity in the relevant couplet in 
the taxonomic key. Other key characters are now available. The larvae can also be readily distinguished from Cx. 
quinquefasciatus (Muller 1999). 

Culex gelidus larvae have been found in freshwater ground pools, rivers, marshes and containers, sometimes 
in dirty water, and some times with considerable organic matter (Sirivanakarn 1976). The range of breeding sites 
found in the NT include some of these but common and productive sites included artificial sites with high levels of 
organic matter, such as wastewater ponds from dairies, abattoirs and sewage ponds. However the record from a 
freshwater swamp at Nutwood Downs shows that while the level of breeding was very low, this species is not 
confined to high organic sites. However it appears that surveys of waste water ponds provide a rapid means of 
locating this species in any area. 

The date and origin of the initial introduction to the NT is not clear. The earliest record from Darwin in June 
1996 suggests Darwin as a point of importation. However there were no records of Cx. gelidus in the Darwin urban 
area after this single specimen until January 2000, although there was a record in the rural area in November 1999. 
There were also no uncharacteristic peaks in Cx. vicinus? numbers from the weekly monitoring at over 18 sites in 
urban Darwin, including sites adjacent to waste water ponds, until December 1998. This suggests that the initial 
record of Cx. gelidus in Darwin in June 1996 was soon after introduction to Darwin. 

The first record of a single Cx. gelidus from regular adult monitoring in Katherine in February 1997 indicated 
that it was present at low levels. The first peak of Cx. vicinus? in Katherine of over 5 specimens in a trap occurred in 
February 1998. These were probably Cx. gelidus and indicated the first high level of breeding in the Katherine area. 
It is clear from the monitoring collections in Katherine that Cx. gelidus is a wet season breeder. The record in 1997 
was probably soon after introduction to the Katherine area, and 1997 was probably the first wet season following 
importation to the area to allow the population to reach a detectable level. Introduction to Katherine possibly 
occurred in 1996. It probably did not occur prior to 1996, as there would have been a wet season peak of Cx. 
vicinus? earlier than the first peak seen in 1998. 

The introduction of Cx. gelidus to Katherine could have preceded the introduction to Darwin. The record 
from Boroloola in February 1998 was from an ad hoc survey and it is probable the species was in this area prior to 
1998. It is possible that Boroloola was colonized before Katherine or Darwin. The high level of breeding in 
wastewater ponds adjacent to animal holding yards such as abattoirs, piggeries and dairies suggests these sites and 
their associated high organic level breeding sites could have been centres of dissemination within the NT. The dairy 
and meatworks in Katherine have commercial road transport links to Queensland. The recovery of larvae in a tyre in 
Katherine dairy indicates a mode of transport of larvae. Larvae could feasibly be moved in the spare tyres of cattle 
trucks or other vehicles from the locality of favorable breeding locations. Adult Culex quinquefasciatus, a closely 
related species, is frequently found harboring in passenger cars close to breeding sites. If vehicles are parked near 
productive sites of Cx. gelidus, it is feasible they could similarly harbor in cabins in the early morning and be 
transported hundreds of kilometers in a day. Boroloola, Nutwood Downs and Batchelor are also close to cattle 
stations and have frequent transport connections to Queensland and Darwin, which is the centre of the live export of 
cattle.  

The subsequent spread within the NT to Tennant Creek and Alice Springs could also have been by cattle 
transport. However the spread to Jabiru and the mine sites around Pine Creek was probably not by cattle transport, 
as there is little cattle transport to these areas. However it could have been transported by passenger or freight 
transport. The absence of Cx. gelidus from Nhulunbuy in the north east corner of the NT could be due to the lack of 
good road connections with other areas in the NT and Queensland. It is on the plane route to Weipa and Cairns, 
suggesting that plane transport may not be a ready mode of dissemination. Katherine also has close road connections 
to Kununurra in WA. The recent report of the species in Kununurra (M. Lindsay and A. Broom pers. comm.) 
reinforces the notion of road transport of this species. 

It is important to try to establish where and when this species entered Australia. The species is found in Irian 
Jaya, PNG and Timor (Sirivanakarn 1976). The port of Darwin has had regular contact with vessels from Indonesia 
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and to a much lesser extent from PNG, but there are no records of interceptions of it from any vessels (Whelan and 
Tucker 1998). The recent detection of live Culex larvae arriving in Darwin from Indonesia indicates that the 
importation of Culex species from overseas by vessels is feasible.  

The determination of the point of importation to Australia and subsequent spread to the NT may lie in 
Queensland. It is understood that recent collections of Cx. gelidus have been made in Mackay, Cairns, and Daintree 
in Queensland, and a specimen now identified as Cx. gelidus was collected in Queensland prior to the first record in 
the NT (Scott Ritchie pers comm). More widespread collections in Queensland may indicate an importation from 
PNG to the islands in the Torres Strait or Cairns. Subsequent spread from Cairns could have been via road transport. 
Records from the cattle saleyards at Rockhampton and from Mount Isa would be of interest. 

 The relatively low numbers of adult Cx. gelidus in traps at the locations of the wastewater ponds in both 
Katherine and Darwin, at times of prolific larval numbers, indicate that carbon dioxide baited traps are not accurate 
indicators of high larval populations. These traps probably do not indicate even moderate numbers of adults unless 
they are immediately adjacent to the breeding site as occurred in Katherine. This indicates that EVS traps are not 
good for quarantine surveillance for this and other species of quarantine importance. There is obviously a need to 
review the detection and surveillance methods in Australia to detect further importations and subsequent spread of 
other species of mosquitoes. The NT experience suggests that the most practical method to establish the distribution 
of this species is to conduct larval surveys of wastewater ponds and other sites with high levels of organic pollution. 

There should be a national consensus on the status of this species. The present distribution of Cx. gelidus in 
the NT indicates that eradication may not be practical or possible. No attempt at eradication should be considered 
until the distribution and range of breeding sites is known. The most pressing need is to conduct larval surveys in 
Queensland and WA to determine the current distribution. If the occurrence in WA is limited to Kununurra, it may 
be possible to eliminate it from productive sites and limit the spread to other areas in WA. 

Productive breeding sites near urban areas should be controlled. The high numbers of the larvae in 
wastewater ponds in the NT indicates that the design and maintenance of wastewater ponds is critical in the control 
of this species. The presence of this species in larval habitats of both Cx annulirostris and Cx. quinquefasciatus, and 
the possible replacement of the latter in some habitats, indicates a new landscape for mosquito pest and disease 
potentials in northern Australia. 

While there are no immediate public health risks, the presence of Cx. gelidus adds to the number of pest and 
potential disease vector mosquitoes in the Northern Territory. It has been reported as a voracious biter of humans 
and to enter houses (Bonne-Wepster 1954), while others have reported it as having a preference for larger domestic 
animals with little preference for humans (Colless 1959). Clearly we need to establish the pest potential of this 
species in Australia. There have been no reports or indications of new pest problems in towns in the NT where high 
numbers of larvae or adults have been recorded, but this may not necessarily reflect the absence of a pest problem. 

Japanese encephalitis virus has been isolated from Cx. gelidus in several countries. It is considered important 
in maintaining JE in pig mosquito cycles in Sarawak and has been suggested as one of the most important vectors of 
JE in South East Asia (Sirivanakarn 1976). It is at least a potential vector of JE (Bram 1967). JE has recently been 
isolated from Cx. gelidus in Torres Strait (pers. comm. Scott Ritchie). Its presence associated with piggeries is of 
particular concern as it could play a very important role in the amplification of JE if or when it occurs on the 
Australian mainland. 
 
Exotic Aedes  
 
There has been a dramatic increase in the importation of both Ae. aegypti and Ae. albopictus via vessels arriving in 
the NT in 2000. The most importations have previously been on illegal fishing vessels (Whelan and Tucker 1998) 
but the most frequent mode is now by cargo vessel. The recent rise in importation can not be blamed on the recent 
East Timor situation, as only 3 of 10 importations have listed East Timor as the last port of call. However the East 
Timor situation may be responsible for a general increase in shipping in the general area. The importations can not 
be blamed on a single cause, as the points of interception have been at different private port facilities as well as 
quarantine and Defence moorings, and there has been a variety of risk receptacles.  

At least forty percent of the importations posed a serious risk for the establishment of exotic Aedes sp. Risk 
importations recently have been primarily in cargo vessels. All the risk importations have been the result of delays 
in detecting the offending receptacles. One instance was due to a brief delay of inspection while an escorted 
overloaded refugee vessel was unloading the human cargo at a patrol boat base. The risk importation was detected 
when adult mosquitoes were observed flying on the vessel as the unloaded vessel was proceeding to a quarantine 
mooring. There was a number of days delay in the detection of the other risk importations after vessel arrival, and 
this posed a greater risk of the establishment of exotic mosquitoes. The delays in detection were due to delays in 
quarantine clearance of items of machinery and closed shipping containers as a result of a dramatic upturn in the 
volume of cargo arriving in Darwin during the Timor relief operation.  
The current inspection protocols have been upgraded, with better identification and tracking of risk cargo such as 
tyres. The difficult to detect items have included household goods and rubbish in reportedly empty containers. The 
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shipping container with plastic sheeting and Ae. aegypti larvae was probably loaded at night during rain, and the 
addition of the rubbish in the container was a last minute expediency. However the presence of larvae meant that the 
sheeting was previously exposed to the weather and should have been obvious as a quarantine risk at the port of 
loading. Importation of exotic mosquitoes could be dramatically reduced if these risk situations could be spotted and 
eliminated at ports of origin. 

The elimination measures were a cooperative effort between THS and AQIS. There was an initial lack of 
clear lines of responsibility for costs and this remains to be negotiated. The success in elimination of initial 
importations was primarily the result of on the spot decisions and rapid action by local officers. The elimination 
measures were all successfull and have been adopted as standard procedure. The implementation of residual 
spraying of risk receptacles, both on vessels and on shore, has simplified and speeded the previous elimination and 
precautionary procedures (Whelan 1998). A trial of the length of effectiveness of residual spray in tyres is 
proceeding, but an initial trial indicated the method was very effective in killing larvae and pupae.  

Darwin is clearly the most vulnerable port in Australia for the importation of exotic mosquitoes. The recent 
review of risk ports in Australia and overseas by Richard Russell on behalf of AQIS is a good move to counter this 
threat. It is clear that embarkation ports in other countries are not in compliance of the WHO regulations to keep 
port areas free of Ae. aegypti and other vectors of disease (Russell et al 1984). However many ports in Australia, 
including Darwin, are not compliant if Ae notoscriptus is regarded as a vector of Ross River virus. 

The clean up procedures have dramatically reduced the receptivity of the port areas in Darwin. However 
maintaining this lowered receptivity will require ongoing vigilance by persistent, well trained and permanent, 
purpose dedicated staff. Sentinel tyres have been recently been added to the ovitrap surveillance measures in 
Darwin, as recommended by a recent vector surveillance review by Russell. It is clear however that ovitraps, with 
their weekly hatch of all eggs, are the most reliable back up system to detect missed importations.  

The current report indicates that the maintenance of the NT free of Ae. aegypti, and the exclusion of Ae. 
albopictus from Australia, will require increased and long-term commitment of resources by both the NT and 
Commonwealth authorities. The risk of importation of exotic mosquito vectors is not confined to Aedes species with 
drought resistant eggs, as the record of importations indicated that vessels can readily import Culex species. Darwin 
in particular is at risk of importation of Cx. vishnui, Cx. pseudovishnui, Cx. tritaeniorhynchus, and Cx. fuscocephala 
from Timor (Whelan and Hapgood in press). At least one species, Cx. gelidus, has already breached the Australian 
quarantine barrier. The exclusion of dengue vectors and other species of mosquitoes is a very cost-effective measure 
of preventing exotic mosquito borne disease in the NT. 
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