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1.0 BACKGROUND 

1.1 Palmerston Area and Biting Insects 

Previous investigations of biting insects in the Palmerston area have been made by consultants 
in conjunction with the Medical Entomology Branch or by the Medical Entomology Branch 
(1, 2). The results of these investigations revealed considerable biting midge numbers 
associated with the mangroves on the west side of Palmerston and particularly in the southern 
area associated with the mouth of the Eliz.abeth River and the northern area associated with 
the east arm of Hudson Creek. The latter investigation indicated that the principal biting 
midge species Culicoides ornatus, disperses in relatively high numbers at least 1.5 km from 
the mangrove margin, with the highest numbers found within 1. 0 km from the mangrove 
margm. 

The planning authorities in Darwin have accepted the general recommendations of the 
Department of Health and Community Services that there should be a 1.6 km buffer zone 
between urban development and significant areas of mangroves unless detailed entomological 
investigations indicate that the buffer distance can be reduced. The Palmerston development 
was the first major urban development in Northern Australia to consider and avoid biting 
midge and mosquito problems by the incorporation of a buffer zone in the development of the 
town. While the 1. 6 km buffer has resulted in considerable avoidance of biting midge 
problems in the urban areas of Palmerston, there are still low numbers of biting midges in 
urban areas closest to the mangrove margin which cause periodic pest problems for at least 
some of the residents. 

Extensive biting midge investigations have also been carried out between the Stuart Park area 
in Darwin to the area south of Berri.mah. These investigations were carried out in response to 
development proposals for Bayview Haven and the Darwin South area (3, 4). These 
investigations showed major biting midge concentrations near Lot 1263 (the former RAAF 
explosive area between Sadgroves and Reichardt Creek), and the current explosives reserve 
bounded by the upper reaches of Reichardt Creek and Bleesers Creek. There were 
considerably less biting midge problems associated with the northern upper margins of 
Bleesers Creek near the southern Berri.mah area, but biting midge numbers were still at levels 
in this area that would be considered a seasonal pest problem for any residents in the southern 
B errimah area. 

The Department of Lands, Housing and Local Government (DLH&LG) is in the process of 
preparing land use objectives under the new Planning Act in the general area between 
Palmerston and the upper reaches ofBleesers Creek. Some of these areas are associated with 
the new Palmerston arterial road which is now under construction. One area north of 
University Avenue, near the eastern arm of Hudson Creek, is currently earmarked for urban 
development as part of developments associated with the Defence Housing Authority. The 
DLH&LG has requested the Medical Entomology Branch to identify and review possible 
biting insect impacts in the general area. 
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2.0 METHODS 

2.1 Palmerston and Darwin South area 

Considerable biting insect monitoring has already been carried out in the Palmerston area for 
the Department of Lands, Housing and Local Government from 1982-1985 ( 1 ). This 
information is still largely relevant to the area of interest between Palmerston and Berrimah. 
Additional biting insect investigations carried out with Stage I of the Darwin South proposal 
have also been carried out for the Department of Lands, Housing and Local Government ( 4 ). 
Stage II of this investigation is still in the process ·of finalisation but the biting insect sampling 
has been carried out and the results tabulated. The effect of the implementation of an insect 
buffer area at the Archer Landfill site has also been established (2). 

The current biting insect situation in the Darwin South area and the Palmerston area has 
recently been assessed by a brief investigation, while at the same time carrying out biting insect 
investigations in the Southport area, so that a direct comparison between the three areas could 
be made. Carbon dioxide baited insect traps were set on the evening of the 19th ofNovember 
at site 21 in the Darwin South area near the present explosive reserves (Map 1) and at the 
First Creek site on the eastern arm of Hudson Creek (site 1, Map 2). The traps were run 
overnight and collected the following morning. All mosquitoes were identified. Biting midges 
were sub-sampled and identified and total numbers estimated by a volume method. 

2.2 Palmerston Arterial 

The new road under construction from Wishart Rd to Palmerston was inspected on the 22nd 
November 1994. A ground survey for mosquito breeding was carried out from the extension 
of Wishart Rd to Berrimah Rd. The creek crossings were examined for evidence of mosquito 
breeding following a high tide of 19th November and subsequent rain. 

3.0 RESULTS AND DISCUSSION 

3.1 Palmerston Area 

The results of the previous biting insect monitoring can be found in the "Mosquito and Biting 
Midge Investigations, Palmerston 1982-1985" ( 1 ). Of particular interest is the results of the 
biting midge collections at the First Creek site (the east arm of Hudson Creek), (Fig. 1 & 2). 
The biting midge collections at the First Creek site and the comparison of the Culicoides 
ornatus numbers at this and other sites is particularly informative. 

The highest numbers of C. ornatus at First Creek were 11,540 per trap night in June 1983, but 
relatively high numbers of over 10,000 per trap night extended from June to September, with a 
probable decline in November (Fig. 1 ). The highest numbers of C. ornatus in all the 
Palmerston area was 35,640 per trap night at the Sandmining site (Fig. 3). From these results 
it has been estimated that the First Creek site had roughly one third of the maximum numbers 
of biting midges compared with the worst site near Palmerston (Sandmining site). 

The relative difference between the Sandmining site and the First creek site can also be 
compared from the mean monthly figures for both sites (Fig. 2). The highest mean numbers of 
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C. ornatus at the First Creek site was just over 8,000 per trap night in August, while the 
Sandrnining site had the highest mean number of around 15,000 per trap night at the same 
time. From these results, the First Creek site had just over half the average number of biting 
midges compared with the Sandrnining site. 

The results of the biting midge collections at First Creek on the 19th of November 1994 
(Table 2) was 22,500 C. ornatus per trap night which was considerably higher than any level 
recorded from this site in the previous investigations. 

During the previous investigations in 1982-85 the mean number of C. ornatus in November at 
First Creek was about a quarter of the August-September peak. Thus it is probable that the 
numbers of C. ornatus present at the First Creek this year in the August-September period 
may have been higher than the number recorded in November. 

Similarly there was a September peak in the Darwin South investigations in 1993 of 168,750 
C. ornatus per trap night, with the November peak being significantly lower at around 20,000 
per trap night (Table 3). This is approximately an eight fold reduction. This information 
suggests that the First Creek site had significantly higher numbers of biting midges this year in 
the September period compared with that recorded in November. It is thus estimated that 
there could have been between four (4) and eight (8) times as many C. ornatus at the First 
Creek site in the August-September period compared with the November trap this year. 

The November figure of 22,500 C. ornatus per trap night this year at the Hudson Creek site 
(First Creek) indicates that there is a major biting midge pest problem in the vicinity of the 
upper reaches of Hudson Creek. The probability that this collection underestimates the pest 
problem earlier in the season indicates that the pest problem within one kilometre of the 
mangrove margin in this vicinity will be seasonally severe. At times of seasonally high midge 
numbers, the midges are likely to significantly restrict outdoor activity in the mornings and 
evenings for those residents closest to the mangrove margin. 

3.2 Darwin South Area Biting Midge Collections 

A summary of the results of the biting insect investigations in the Darwin South area in 1993 is 
shown in Figure 4. Site 21 was selected from these sites for the current evaluation of biting 
midges in the area at this time. The results of the C. ornatus collections in 1993 from this area 
showed an average of 22,690 C. ornatus per trap night at site 21 (Fig. 4). The highest trap 
catches were 85,500 per trap night in September, declining to 8,773 in November and 9,750 in 
December (Table 3). 

The results of the trapping of biting midges at site 21 on the 19th of November 1994 was 
83,190 C. ornatus per trap night (Table 2). This was almost equal to the highest numbers 
recorded at this site in September the previous year. The reason for this very high level at this 
time of the year may be the result of more favourable conditions this year compared with the 
same month the previous year, including the relative lack of rainfall in the dry season up to 
November of this year. 
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The average for site 25 and site 26, which were the trap sites in the lower reaches of Berrimah 
and nearer to Palmerston, indicated average trap catches of 2,806 and 4,995 respectively (Fig. 
4 and Table 3). 

The trap results for September was 5,500 per trap night (site 25) and 24,000 per trap night 
(site 26), for November 5,027 per trap night (site 25) and 10,440 per trap night (site 26) and · 
for December 2,400 per trap night (site 25) and 8,100 per trap night (site 26}(Table 3). These 
are considerably lower than those in November 1994 at First Creek (22,500 per trap night at 
Palmerston site 1) in Palmerston and indicates that biting midge numbers reduce from the 
general Hudson Creek area, including the First creek area, to the upper reaches of Bleesers 
Creek near Berrimah. 

3.3 Probable pest problem near Hudson Creek, Palmerston. 

The highest trap collection in the Stuart Park area in the 1991 Bayview Haven investigations 
was 470 C. ornatus per trap night. Although this investigation was only over a two month 
period, it included those months that are usually periods of high C. ornatus activity. 

In the Darwin South investigations ( Stage Il) the maximum number of C. ornatus in a trap set 
on a full moon night in Stuart Park was 1,493 per trap night. However the maximum trap 
collection in the Stuart Park area during the latter year long investigations was 3,441 per trap 
night on a night without the full moon. The collections of C. ornatus in the Stuart Park area 
were less than 600 per trap night for most months. 

There are regular complaints from residents in Stuart Park about biting midges, so that trap 
catches of less than 3,441 per trap night certainly lead to pest problems for many people. 
Most of the collections in the Stuart Park area were less than 1,000 per trap night so 
collections ofless than 1,000 per trap night probably lead to pest problems for many people. 
It is possible that trap collections of 100 to 200 per trap night represent a pest problem to at 
least some people. Thus the collection of22,500 in November this year at Hudson Creek, and 
the possibility of up to 80,000 per trap night in this area in the peak period of September, 
indicates that there will be a major biting midge pest problem for future residents within one 
km of the mangrove boundary in the Hudson Creek vicinity. 

To put the probable pest problem in perspective it is helpful to compare the potential numbers 
of midges in the vicinity of Hudson Creek with the existing pest problems in Stuart Park. This 
comparison comes from the Darwin South investigations where collections were made at a 
number of locations on the same night, once per month over a full year, on nights of the full 
moon when C. ornatus are the highest. These collections can be compared with the 
collections made near Hudson Creek in November of this year for the lower estimate, with the 
higher estimate made for projected numbers at the expected peak time in September. 

,.~ If the highest number of C. ornatus recorded at Stuart Park is taken as 1 unit, then there were 
18 times as many at Bayview Haven, 113 times at the former RAAF reserve, 20 times at the 
explosive reserve, 57 times at the rifle range, 16 times at the lower regions of Berrimah, and 
between 15 to 5 0 times at the Hudson Creek site. 
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Based on previous investigations, this pest problem is likely to extend at least one ( 1) 
kilometre from the mangrove margin of the upper reaches of Hudson Creek. In the Weddell 
investigations, C. ornatus were a lot less abundant than in the Palmerston area. However 
collections of over 1,000 C. omatus per trap night were common within 1 kilometre of the 
mangrove margin at Weddell, with the maximum collection made I kilometre from the 
mangrove margin (2). Thus the region within I kilometre from the mangrove margin is likely 
to be the zone of highest midge activity. Those residents closest to the mangrove boundary 
will have the greatest pest problems. There is not likely to be any reduction in midge numbers 
with distances of up to I kilometre from the mangrove margin unless a modified buffer is 
implemented between the residential area and the mangrove margin. 

3.4 Possible midge reduction measures. 

3.4.1 Removal or alteration of Breeding Habitat 

The location of the breeding habitat in the lower edge of the mangrove margin of tidal creeks 
means that there may be little chance of eliminating the breeding sites without destruction of 
the seaward mangrove habitat. There are instances in Queensland where bunds have been 
successful in the control of biting midges. The bund maintains water over the breeding sites, 
preventing a suitable larval habitat, but not eliminating the landward mangrove zone. This 
method however is probably only suitable where there are small and localised breeding sites 
and with small tidal ranges. In Darwin Harbour, with the deep marine muds, high tide range 
and extensive mangrove margin landward of the neap tide zone, this method is unlikely to be 
either practical or acceptable. However elimination of the whole mangrove habitat is not 
necessary as it is only the neap tide zone that is the principal breeding site. In Darwin this is 
approximately 3. 7 ACD to 5 .1 ACD (-0.3 AHD to 1.1 AHD ). 

One possible method of breeding site control is to alter the suspected breeding habitat in 
Hudson Creek by mangrove removal within the neap tide zone. This would leave all the 
mangroves landward of this zone. There are a number of potential problems with this method, 
primarily because it is based on speculation that the mangroves are necessary for suitable 
breeding habitat. Another problem is the practicality of removing the neap tide zone because 
of the convoluted shape of the neap tide zone due to the numerous tributaries of the tidal 
creeks. Any proposal to alter the suspected breeding habitat of C. ornatus should be delayed 
until the specific breeding sites of C. ornatus have been found and their specific habitat 
requirements defined. 

There is the possibility that development of the Hudson Creek catchment, with its associated 
stormwater runoff: may degrade the existing breeding sites of C. ornatus. This however is 
unlikely to be as effective as necessary, as the urban runoff from the Stuart Park area has not 
reduced the numbers of C. ornatus in that area to below pest levels. Urban storm.water will 
primarily have an effect on the breeding sites in the mid wet season, while the Darwin South 
studies have shown that C. ornatus pest problems are likely to be the highest in the mid to late 
dry season. The future investigations into the C. ornatus habitats should determine the effect 
of urban runoff and wet season storm discharge on the breeding habitats of C. ornatus, so that 
possible alterations to the breeding sites by such measures could be considered as control 
options. Of all the available methods of biting midge reductions, the alteration or elimination 
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of breeding sites appear to be the surest option to offer any appreciable reduction in the pest 
problems for the future urban areas near Hudson Creek. 

3.4.2 Biting Midge Buffer Zones 

A biting midge buffer zone can be defined as an area of separation between the biting midge 
breeding and harbouring areas and urban development. The aim of the buffer zone is to 
reduce the numbers of biting midges biting people in the urban areas. The effectiveness of the 
buffer zone in any area for C. ornatus will depend on the distance from the major breeding 
sites, the distance from the mangrove margin to the urban area, and the physical and biological 
nature of the buffer zone . 

One form of buffer zone could be a band of unahered open forest. This approach was taken 
with the planning of Palmerston, where a 1 km buffer of open forest was used to separate the 
urban areas from the mangrove margin. Although this appears to have worked to a 
considerable degree in the northern areas of Palmerston near University Avenue and those 
suburbs bounded by Elrundie Avenue, there are still occasional pest problems for those 
residents closest to the mangrove margins. 

An unaltered one kilometre buffer zone around the Hudson Creek area would occupy a 
significant proportion of the available land, and hence would probably be unacceptable. 

Another approach is to have a modified buffer, where narrower modified smaller buffer zones 
may be as effective as the wider unaltered buffers. Modified buffer zones, with a combination 
of wind behs and semi rural development, were recommended for the Palmerston 
development. The semi rural development method has been implemented for the western edge 
of Palmerston and it appears to be working to an adequate degree in protecting urban 
residents. As the semi rural areas are further developed, with increased numbers of domestic 
animals and diversionary lights, the effectiveness of this buffer is expected to be enhanced. 

In the landfill investigation near Palmerston, the creation of a 400 m buffer of open ground by 
land fill between a proposed residential area and the mangrove margin resulted in 
approximately a 50% reduction in C. ornatus numbers (2). As a result of these investigations 
and the reduced numbers of C. ornatus, open wind belts of 500 m have been recommended in 
the Weddell development (2). 

Additional evidence in the Bayview Haven investigation has indicated that wind belts of 500 m 
or possibly less between proposed urban development and the nearest mangrove margins may 
significantly disrupt the dispersal of adult C. ornatus (Logan et al 1991 ). If this wind belt 
included well lit arterial roads, the buff er may be even more efficient. 

In the Hudson Creek area, there may be limited scope for any semi rural development between 
,~ the proposed urban ~rea and the mangroves. In some cases semi-rural development has not 

been suitable as a buffer, as there is no control over the type of vegetation in the buffer and 
plantings of dense forest areas such as rain forest plantings or mango orchards, or the 
intensive areas of shade houses and dense surrounding vegetation, can increase the area of 
favourable mosquito harbourage. In the Hudson Creek situation an open vegetation free 
buffer may be more suitable. This buffer area could include open mown areas such as sporting 
ovals or very lightly timbered open canopy woodland. 
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The Hudson Creek area will have very high numbers of C. ornatus. The buffer zone between 
the mangroves and any residential area will need to be relatively wide or particularly efficient 
to achieve any meaningful reduction in the numbers of biting midges in the proposed 
residential areas. It is unlikely that a 50% reduction in numbers will result in any appreciable 
reduction in the pest problem If an area between University Avenue and Hudson Creek is 
developed as urban residential, it is unlikely that any buffer zone will achieve sufficient 
reduction in the numbers of C. ornatus such that there will not be a seasonal pest problem for 
at least some of the future residents closest to the mangrove margin. 

3.4.3 Biting Midge Larval Control by Chemicals 

The breeding habitat of C. ornatus is thought to be in the neap tide mud in association with 
Rhizophora stylosa and Aegiceras corniculatum (the river mangrove). This habitat is at the 
seaward fringe of the tidal creeks and will generally be under a canopy of mangrove 
vegetation. Actual breeding sites have not been located in the N orthem Territory so targeting 
the chemical treatment for this habitat cannot be exact and at this stage would require the 
entire neap zone to be treated. Some refining of the target area could be tried for those areas 
that have the widest neap tide zone, which do not receive fresh water run-off from the land, 
and are nearest to the sites of highest adult numbers, but the effectiveness of this method 
would be open to question. 

Any aerial application of larvicide would need to be in relatively high volumes to penetrate 
the canopy and reach the larval habitat in the mud. The chemical used would need to be 
specific for biting midge larvae and to be non-destructive to other marine life. To date the 
only larvicide that would partially meet these requirements would be temephos (Abate). This 
chemical has been used for biting midge control in Queensland but problems with resistance 
has occurred after only moderate use. In addition there will be practical problems because 
the insecticide is tied up relatively quickly in the mud and will only be effective for 1-2 days. 
There are also reports of temephos having effects on non-target organisms such as 
crustaceans and molluscs, particularly in their early stage of development. 

Another candidate is the insect growth hormone analogue methoprene. This chemical is 
currently being trialed in Australia in intertidal areas against other biting midges but has not 
been trialed against C. ornatus. There are concerns that it may affect other non target 
organisms. Application of these chemicals on a broad area could not be recommended at this 
stage because of the unknown environmental effects, and the very broad areas involved. 

If the precise breeding sites of C. ornatus can be characterised and delineated, these 
chemicals may offer some potential for limited control. It appears that at present the use of 
chemical control on the entire suspected breeding habitat is unlikely to be either practical or 
environmentally acceptable. 

3.4.4 Adult Midge Control 

The application of aerosols against adult biting midges may offer some scope for the reduction 
of high numbers at their peak population levels. Aerosol application for biting midge control 
however poses serious practical problems in order to achieve an effective measure of control. 
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In the first instance, only flying insects are likely to be affected by the aerosol, so the 
application time must be restricted to those peak activity periods of evening and morning. 
This would reduce the area that could be effectively treated in one day. 

Aerosol treatments can be applied either by heavy duty ground application equipment or from 
the air. Aerial application of aerosols would be limited to particular environmental conditions 
and may pose problems of drift into residential areas. If the wind is above 15 km/hr the 
aerosol will be dissipated and not likely to reach the target area. 

Aerosol applications by the ground application method rely on wind to disperse the aerosol 
into the target zones where the Cu/icoides are likely to be harbouring. There is very limited 
penetration of aerosols through dense vegetation, with applications not likely to penetrate 
more than 30 to 50 m into mangrove areas or thick woodland. If the wind is in the wrong 
direction during the application time in these areas there will be a severe limit to the areas that 
can be treated. 

Access for the ground application of aerosols can be a major problem. In most instances the 
mangrove margin will be the area targeted for treatment. Access during the wet season and 
for at least a few months after the wet season is almost impossible for vehicles with the heavy 
duty aerosol equipment. Access to the mangrove margin is usually not possible, while any 
application at a distance from the edge will reduce the effectiveness of the aerosol, with the 
effectiveness further reducing as the distance from the mangrove margin is increased. In 
many instances access around the mangrove margin is not available or will require a purpose
built access track to be built. 

A major problem with ground aerosol treatment around the mangrove margin will be the re
invasion of the treated area from untreated areas within a few hours or at the most one day 
later. This problem would require almost daily treatments to offer any degree of control. For 
residential areas, or any area with a large area to be treated, this would require considerable 
and ongoing expense with people, equipment, and insecticides, and may not be acceptable to 
nearby residents who experience any aerosol drift. The aerosol treatment by air could be rapid 
and cover wide areas. However this sort of treatment in the Darwin South area would require 
very large amounts of insecticide and considerable flying time. The insecticides of choice such 
as Maldison or Bioresmethrin would be non specific and hence have an effect on non target 
animals. This is not likely to be environmentally acceptable to most people. As the mangrove 
areas are likely to be very close to future urban areas, both the aircraft activity and the drift of 
insecticide to residential areas is not likely to be acceptable to nearby residents. 

The aerosol treatment by ground application could be made more effective with vegetation 
clear buffer zones and special vegetation trap zones between the mangroves and residential 
areas. Access for fogging either side of trap zones could then be installed and judicious 
fogging carried out at particular times. However this method requires a considerable area 
between the residential area and the mangrove margin to both construct the trap zone and to 
prevent insecticide drift. However the efficiency or effectiveness of this method has not been 
trialed to date. 

One of the major problems for an adult biting midge control program will be determining or 
achieving the level of control desired. A reduction in Culicoides numbers by up to 99% may 
be required to reduce pest problems. It is possible that even with this sort of efficiency, which 
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would be extremely hard to achieve, there still may be enough C. ornatus to cause a residual 
pest problem It appears that chemical control of biting midge adults is not likely to achieve a 
significant reduction in pest numbers at times of high levels of midge activity. 

3.4.5 Personal Protection and Avoidance 

There are a number of avoidance and personal self-protection measures that can be taken to 
reduce pest problems. These include the use of buffers, the removal of sheltering vegetation 
and close mowing, the use of diversionary lights, the use of diversionary animals, insect 
screens on premises, light proof curtains, avoidance of areas of biting insect activity, 
avoidance of times of peak activity, personal protective clothing and personal repellents. 

Normal insect screening will not be adequate to stop C. ornatus entering houses in areas of 
relatively high C. ornatus activity. Screening, however, will stop a considerable portion of 
Culicoides from entering houses and can be made much more effective by applying insecticide 
on the screening and the use of light proof curtains. There is scope for the development of 
finer insect screens, and if these are acceptable to residents, will offer significant benefit for 
self protection. 

The main periods requiring personal protection will be in the mornings and evenings outside 
residences. The main pest problem is likely to be encountered by small children and people 
who are active outside the house during the periods of peak Culicoides activity. The worst 
affected areas will be those residences which are closest to the mangrove margin and which do 
not have any intervening buffers or diversions between the biting midge sources or harbouring 
areas and the residences. 

These measures may be acceptable if there are only brief periods when biting midges reach 
pest numbers. However for much of the Hudson Creek area , the problem is likely to be 
almost continuous from at least April to December and hence the use of personal protective 
strategies is not likely to be acceptable to most people. 

3.5 Palmerston arterial 

Three sites on the proposed Palmerston arterial have sections where at least the road culvert 
will be under tidal influence and are potential mosquito breeding sites. 

The first site is on the eastern extension of Wishart Road, downstream from the Berri.mah 
Prison sewage ponds on the western arm of Hudson Creek. At the time of the inspection there 
was green eftluent ponding upstream of the culvert in a narrow section of a Pandanus creek. 
The eftluent was discharging from the overflow pipe from the Berri.mah Prison sewage 
treatment ponds, the end point of which was located about 50 m upstream of the culvert on 
the new road under construction. The eftluent was flowing around the construction site via a 
temporary diversion channel. Eftluent was also ponding in a large channel of cleared 
mangroves from the culvert and extending downstream for about I 00 m 

There were extremely high numbers of Cu/ex annulirostris mosquito larvae in the Pandanus 
creek line and moderate to high numbers of larvae of the same species in localised pockets on 
the downstream side of the culvert. All of the larvae were treated with insecticide by the 
Medical Entomology Branch on the day oflocation. 
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The remedy for the mosquito breeding is to continue the effluent pipe from the present end 
point to an area in the mangroves which is daily or at least regularly reached by tides. The 
construction of the downstream area of the culvert should ensure that unimpeded and regular 
tidal flushing can occur from the culvert to the end of the channel of cleared mangroves. 

The second site was about I 00 m further east of the above site. At this site a narrow creek 
with a temporary culvert receives stormwater runoff from the Berri.mah Prison before 
discharging into the west arm of Hudson Creek. Tides penetrate upstream of the culvert and 
Ae. vigilax mosquito larvae were found breeding in high numbers both upstream and 
downstream of the culvert. On the downstream side of the culvert there is an extensive area 
of potential salt marsh mosquito breeding habitat. This site requires engineering measures to 
ensure that the whole of the upper tidal area of this creek is free draining after high tides. 

The third site was the road crossing of the north arm of Hudson creek that drains the former 
abattoir area. The earthworks has already pushed through the former Pandanus and Paper 
bark area at about the former tidal limit. The downstream area has been cleared but will be 
under tidal influence. Although no salt marsh mosquito breeding was detected, this site has 
the potential to be an important Ae. vigilax breeding site. Again it is important to engineer 
this site such that it is free draining after high tides. 

There are other minor potential mosquito breeding areas around the mangrove margin. These 
areas need a detailed inspection and plans and an undertaking by the relevant authorities for 
their rectification. 

3.6 University Area and Artificial Lakes and Storm Drains. 

The new lake north of University Ave is of suitable design that the margins will preclude 
mosquito breeding in the lake. However the overflow from the lake is at present unformalised 
and needs to be constructed with a formalised drainway and low flow facilities to meet up with 
the existing low flow facility from Driver and to discharge at a suitable mangrove area into 
Hudson Creek. 

There are a number of stormwater drains from the Town centre and Driver that cross 
University Ave. These and any other drains from any new urban developments north of 
University Ave will need to be formalised with impervious linings and low flow facilities and 
coordinated with the existing formalised drains, or a new low flow facility will need to be 
constructed to a suitable tidal area of Hudson Creek. 
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4.0 Recommendations. 

4.1 There should be no urban development within one ( 1) kilometre of the upper mangrove 
margin of Hudson Creek unless a modified biting midge buffer zone is established between the 
urban area and the mangrove margin. 

4.2 The biting midge buffer should be as open as possible and as wide as possible. The buffer 
should incorporate the arterial roads and street lighting and these facilities should be furthest 
from the urban area and closest to the mangrove margin. The forested creek that runs into the 
mangrove area should be as narrow in width of marginal vegetation as possible to enhance the 
disruptive effect of wind on biting midges. 

4.3 A comprehensive biting midge monitoring program should be funded to establish the base 
line midge levels at a number of points around the mangrove margin of Hudson Creek for a 
twelve month period before any construction activity. This program should be continued for 
at least a twelve month period from the start of occupation of urban housing to objectively 
determine the pest levels in anticipation of public complaints, and to determine whether the 
development process or the buffer development reduced or aggravated the biting midge pest 
problem 

4.4 There should be a contingency plan, with associated funding, to fill in or reclaim the 
marginal mangrove area adjacent to the residential areas if the biting midge monitoring and 
public complaints indicate that there is a continuing biting midge pest problem 

4.5 The arterial road from Palmerston to Berrimah Road should incorporate engineering 
measures to rectify any salt marsh and other mosquito breeding sites that are likely to impact 
on the future residents of the Hudson Creek area. 

4.6 The low flow drain from the suburb of Driver should be retained and repaired wherever 
necessary so that all dry season low flows are conveyed to the present out fall area of regularly 
flushed mangroves. The overflow from the new lake in the university area should be upgraded 
and incorporate a low flow facility to join the Driver low flow drain. Any new urban areas to 
the north of Driver should have impervious low flow drains which should either meet the 
Driver low flow facility or be constructed to another suitable tidally flushed area. 
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MAP 1: DARWIN SOUTH BITING INSECT COLLECTION SITE NOVEMBER 19 1994 
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MAP 2: PALMERSTON BITING INSECT COLLECTION SITE NOVEMBER 19 1994 
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CULICOIDES I1'fVESTIGATION DAR\V!I'l SOUTH STAGE 2 - APRIL 1993 TO MARCH 1994. 
AVERAGE NUMBER OF CULICOIDES ORNATUS FOR COLLECTIONS ON FULL MOON NIGHTS AT EACH SITE. 
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TABLE 1: SOUTHPORT BITING INSECT INVESTIGATION 19 NOVEMBER 1994. 

TOTAL NUMBER OF FEMALE MOSQUITO SPECIES CAUGHT USING CO2 BAITED EVS TRAPS. 

SITE MOSQUITO SPECIES TOTALS %OF 

a... TOTALS 

s ~ ~ 
-~ ~ 

~ -~ :j ,t: 

i -~ 
~ ~ 

-~ ~ ] E} a 
~ -~ ::::: 

~ b ..... ] ~ ~ ...... ;::s a ;::s ~ 

I ~ ~ '6-0 ~ E t :[-0 I ~ 
~ 

~ s:: § 
~ ,-9 C ~ ~ ~ s:: ~ ~ 

t: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ u 
Southport site 1 1 1 1 56 1 2 62 9.51 

Southport site 2 1 1 67 10 79 12.12 

Southport site 3 TRAP FAIL URE 44 1 45 6.90 

Southport site 4 47 47 7.21 

Southport site 5 1 3 1 75 1 1 82 12.58 

Southport site 6 3 1 1 1 1 54 5 66 10.12 

Darwin South site 21 113 1 114 17.48 

Palmerston site 1 8 147 1 1 157 24.08 

TOTALS 8 5 2 2 4 2 1 1 603 19 4 1 652 100.00 

%,OF TOTALS 1.227 0.767 0.307 0.307 0.613 0.307 0.153 0.153 92.48 2.914 0.613 0.153 100 
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TABLE 2: SOUTHPORT BITING INSECT INVESTIGATION 19 NOVEMBER 1994 

TOTAL NUMBERS OF CULICOIDES CAUGHT USING CO2 BAITED EVS TRAPS 

SITE CULICOIDES SPECIES TOTALS %OF 
C. marksii C. ornatus C. ornatus grp. spp. near C. victoriae grp. vie TOTALS 

hewitti 42 

Southport site 1 60 1440 1 1501 1.18 

Southport site 2 4400 4400 3.47 

Southport site 3 TRAP FAIL URE 1128 48 24 1200 0.95 

Southport site 4 2500 2500 1.97 

Southport site 5 2300 2300 1.81 

Southport site 6 3920 80 4000 3.15 

Darwin South site 21 83190 5310 88500 -69.74 

Palmerston site 1 22500 22500 17.73 

TOTALS 60 121378 5438 25 126901 100.00 

%OF TOTALS 0.05 95.65 4.29 0.02 100.00 
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TABLE 3. 
_ ... • 

CULICOIDES INVESTIGATIONS DARWIN SOUTH STAGE 2 

TOTAL NUMBERS OF CULICOIDES ORNATUS PER TRAP NIGHT 08/04/1993 TO 29/03/94. FULL MOON ONLY 

DATE 8/04/93 8/05/93 6/06/93 6-7/07/1993 4/08/93 3/09/93 2-3/10/93 1-3/11/93 1/12/93 1/01/94 29/01/94 28/02& 1/3/94 29/03/94 TOTALS AVERAGE 

TIDE(M) 7.6 7.4 7.1 6.9 6.9 6.8 6.9 7.1 7.2 7.5 7.7 7.8 7.7 PER TRAP 
SITE·NO. · NJGHT 

·, l 18000 5227 16987 15120 700 16200 15177 20000 23125 1650 60667 3910 18200 214963 16535.62 
I 6 8400 13300 21667 39633 18200 32500 15000 9310 30067 21850 30800 2210 33800 276737 21287.46 

8B * 1 3333 7886 8217 8217 7933 5280 8867 9600 26800 1333 800 3000 91266 7020.46 
9B * 2 4593 2893 15000 20000 21600 9500 13200 1700 26000 7000 467 3510 125463 9651.00 
lOB * 3 13500 9893 ~ . 5317 . . Slit() 3220 74 397 85 652 6 ~ . .:bUQ. 41234 3171.85 
14 13583 24300 21600 c~J 1 89600, 37000 ~1)1168750 t 29033 20000 12000 3850 22680 3080 ~'2,;) 101880 I . 547356 42104.31 

15B 135 347 360 ·- - ~ 1493 -934 149 540 417 290 116 73 -
~ 193_ 6073 467.1-5 

16B 186 125 347 560 387 958 525 390 134 205 483 36 130 4466 343.54 

18 7733 12114 6600 13000 6933 15717 8333 11250 9042 7250 14667 1647 36733 151019 11616.85 
19 3667 3750 4130 28750 16800 57383 24200 15400 9167 25000 34833 793 7500 231373 17797.92 
20 7334 5893 23920 7107 23667 20500 9473 29900 11333 2170 31600 6967 2500 182364 .. 14028.00 ~- 21 2100 19133 13416 41600 59367 85500 32383 8773 9750 6667 12133 2833 1330 294985 22691.15 
22 3067 2240 3383 3000 2430 7820 2333 llll5 2990 1533 2417 483 282 43093 3314.85 

22B * 4 4133 4334 4333 13500 8333 1257 1867 583 1800 6250 533 2053 48976 3767.38 

23 733 316 1048 540 1307 4500 1833 1688 4217 186 397 87 1167 18019 1386.08 

24 630 3920 2707 3552 3150 10350 9583 15333 4620 1400 11138 360 990 67733 5210.23 

25 2333 2559 1740 2800 750 5500 6593 5027 2400 720 2800 267 3000 36489 2806.85 

26 280 867 2160 1980 2480 24000 7600 10440 8100 3033 1980 544 1473 64937 4995.15 

28B * 5 480 1620 67 53 900 360 675 62 217 57 121 141 4753 365.62 

TOTALS 68181 120130 146691 281685 221751 90218 181832 183849 139704 130706 242003 25217 219332 2451299 188561.46 

AVERAGE 
~ - 6 PER TRAP I~ n I ~ 2., -, ' -, q lO ·5 13 5 , 

NIGHT 4870.07 6322.631 7720.58 14825.53 11671.11 . 25800.95 t:. 9570.11 9676.26 7352.84 6879.26 12?~7.00 1327.21 11543.79 129015.74 
-

1. SITES 8B.9B,10B,22B,28B NOT SET ON 8/4~4 (GATE LOCKED). 

2. SITE 28B RESET 7 n 193 
3. SITE 24 RESET 3/10/93 
4. SITE 6 TRAP RESET 3/11/93 
5. SITE 18 28/2/94 ALL SPECIMENS DAMAGED 
6. SITEIOB RESET 1/3/94 
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