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1.0 Introduction 
Phillips Petroleum Company Australia Pty Ltd (now ConocoPhillips Australia Pty Ltd) were given 
approval by both the NT and Commonwealth environmental ministers in 1998 for the construction and 
operation of a proposed 3 Million Tonnes Per Annum (MTPA) LNG facility at Wickham Point, in 
Middle Arm of Darwin Harbour. This project was deferred, and in March 2002 Darwin LNG Pty Ltd 
(a subsidiary company of ConocoPhillips) submitted a Public Environmental Report for an expanded 
10MTPA LNG plant.  
 
The project was approved after going through a rigorous environmental impact assessment, which 
included a 12-month baseline biting insect assessment of the proposed development site conducted by 
the Medical Entomology Branch (MEB) of the Department of Health and Community Services 
(Warchot and Whelan 2004). Construction of the Darwin LNG Pty Ltd 10MTPA LNG plant began in 
late 2003. As part of the biting insect assessment for the proposed development, the Medical 
Entomology Branch was also commissioned in late 2002 to conduct a post construction assessment of 
the development site and immediate surrounds, to locate any new mosquito breeding sites created by 
construction activities. This was to include a post construction survey for mosquito breeding sites 
around the development, with larval surveys conducted on the 18th January and 15th March 2006. The 
post construction survey for mosquito breeding sites revealed numerous potential mosquito breeding 
sites, and highlighted management measures (Warchot & Whelan 2006). 
 
The Medical Entomology Branch was also commissioned in late 2002 to conduct post construction 
adult biting insect trapping, to determine if adult biting insect levels significantly changed as a result 
of development. This report deals with the post construction trapping only, for results of post 
construction larval surveys and baseline surveys, please refer to the previous reports (Warchot & 
Whelan 2004 & 2006). 
 
Post construction trapping for biting midges was proposed to be conducted one day before the full 
moon in September, to keep in line with trapping during the baseline assessment, which occurred one 
day before the full moon for the 12 month assessment. Post construction trapping was also proposed to 
be conducted 10 days after the October monthly high tide of 7.9m, to monitor peak abundance of the 
salt marsh mosquito Aedes vigilax. For further information on biting insect species mentioned in this 
report readers should refer to the Wickham Point Baseline Biting Insect Report (Warchot and Whelan 
2004). 

2.0 Aims 
The aim of the post construction trapping was to determine if development processes have decreased 
peak biting midge populations, by disrupting breeding in mangrove areas either by mangrove clearing, 
or changing water runoff patterns and hence ecology of mangrove breeding sites.  
 
Adult biting insect traps were set in September 2006 to determine if peak season biting midge 
abundance during post construction trapping was significantly different to September 2002 baseline 
information. 
 
The other aim of the post construction trapping was to monitor levels of the significant pest and vector 
mosquito Aedes vigilax, to determine if development processes have significantly altered breeding of 
this species. Traps were set 10 days after the October monthly high tide of 7.9m, to determine peak 
abundance from the tide event. 
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3.0 Methods 

3.1 Biting midge trapping 
Overnight trapping for the presence and relative abundance of biting midges was carried out using 
carbon dioxide (CO2) baited modified encephalitis virus surveillance (EVS) traps (Rohe and Fall 
1979). The traps consist of an insulated bucket, a battery driven suction fan with a ‘grain of wheat’ 
light, and a rigid collection container (4 litre, 220mm in diameter) fitted with a muslin sleeve and vert 
fine wire mesh vents. The traps were set at chest height and baited with approximately 1kg of dry ice. 
Traps were set between 1400 hours and 1700 hours, and collected the following morning between 
0800 hours and 1030 hours. The trap sites used were the same as those used for the baseline trapping. 
Peak season biting midge trapping was conducted one day before the full moon in September, to 
monitor peak season abundance of the mangrove biting midge Culicoides ornatus. 
 
Trap collections were taken to the MEB, killed by freezing, and sieved to separate the midges from 
mosquitoes. The midges were stored in 70% alcohol in individual vials for each collection. Each 
collection was randomly sub-sampled (50 individuals per sub-sample) when collections were over 50 
individuals and identified with the aid of stereo microscopes using taxonomic references and wing 
photos (Dyce and Wellings 1998). If the collection was less than 1000 individuals, the remaining bulk 
was examined for any additional species not detected in the original sub-sample of 50. If the collection 
was more than 1000 individuals, a separate sub-sample of approximately 600 individuals was 
examined for any additional species not detected in the original sub-sample of 50. Total numbers were 
estimated for each catch using a standard volume/number comparison method. All species and totals 
for each individual collection were then entered into a database for future evaluation. 

3.2 Mosquitoes 
The same traps and trapping methods used for biting midge sampling were also used to collect 
mosquitoes. Traps were set 10 days after the October monthly tide of 7.9m, to monitor peak season 
abundance of the salt marsh mosquito Aedes vigilax. All mosquito collections were under 300 
individuals, so every individual mosquito was identified with the aid of stereo microscopes and 
various taxonomic keys. 

4.0 Trapping results 

4.1 Biting midges 
A total of 50,458 adult female biting midges were collected during post construction trapping for 
biting midges in September 2006, representing a total of five species (Table 1). The most abundant 
biting midge species was the mangrove biting midge Culicoides ornatus, which accounted for 92% 
(46, 236) of total biting midges. The second most abundant species was Culicoides papuensis (3%), 
while all other biting midge species were recorded in very low numbers.  
 
Trap Site 2 was the most productive site for C. ornatus, with 17,200 adult females collected (Table 1). 
This was followed by Trap Site 3 (14,700), Trap Site 6 (8,500), Trap Site 5 (2,450), Trap Site 1 (1786) 
and Trap Site 4 (1,600) (Table 1). 
 
Trapping for mosquitoes in October 2006 also collected relatively high numbers of C. ornatus at Trap 
Sites 3 & 4, with moderate numbers at Trap Sites 5 & 6 and low number at Trap Sites 1 & 2 (Table 3). 
Traps were set three nights before the new moon, which was when new moon abundance would have 
started to rise from Sonneratia foreshore mangrove breeding sites. Traps were not set during the peak 
period for biting midges in October as the October trapping event was designed to locate peak salt 
marsh mosquito abundance. 
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4.2 Mosquitoes 
A total of 425 adult female mosquitoes were collected during peak season salt marsh mosquito 
trapping 10 days after the October monthly high tide (Table 4). The salt marsh mosquito Aedes vigilax 
was the most abundant mosquito species collected, accounting for 80% of all mosquitoes trapped 
(Table 4). This was followed by Culex annulirostris (14%), with all other mosquito species collected 
in very low numbers (Table 4).  
 
Aedes vigilax was most abundant at Trap Site 2, with 113 adult females collected at this site (Table 4). 
The second most productive trap site was Trap Site 4 (88 females), followed by Trap Site 5 (52), Trap 
Site 3 (45), Trap Site 6 (33) and Trap Site 1 (7) (Table 4). 
 
A total of 167 adult female mosquitoes were collected during the trapping one night before the full 
moon in September (Table 2). The most abundant species was Culex sitiens, accounting for 49% of all 
mosquitoes trapped, followed by Culex annulirostris (37%) and Culex quinquefasciatus (9%) (Table 
2). Culex sitiens and Cx. annulirostris were most abundant at Trap Site 4, while Cx. quinquefasciatus 
was most abundant at Trap Site 5 (Table 2). 

5.0 Discussion 

5.1 Biting midges 
The mangrove biting midge Culicoides ornatus was the most prevalent biting midge species collected 
at Wickham Point during post construction trapping. Trap Sites are shown in Figure 1. Total numbers 
collected in September 2006 were slightly higher than those collected in September 2002 (Appendix 
1), indicating the development has not reduced the productivity of dry season C. ornatus breeding sites 
at Wickham Point. Thus the minor disturbance to mangroves as part of the jetty construction, and the 
cleared mangrove area adjacent to the marine flare, has not reduced dry season C. ornatus breeding to 
any noticeable degree. The discharge of stormwater into several areas of the mangrove forest 
surrounding Wickham Point has also not affected dry season abundance, although it may have had an 
impact on wet season abundance. However wet season C. ornatus abundance is generally low to 
moderate, and for this reason post construction trapping was not designed to monitor any changes in 
wet season C. ornatus abundance. 
 
The trap results indicate that dry season C. ornatus abundance is still likely to be very high to extreme, 
particularly in the months of August to October inclusive. Please refer to the baseline biting insect 
report (Warchot & Whelan 2004) for further details on biting midges at the Darwin LNG Plant at 
Wickham Point. Some form of personal protection or adult biting midge control will be periodically 
required at the Darwin LNG Plant. 

5.2 Mosquitoes 

Aedes vigilax 
Trapping 10 days after the October monthly high tide revealed the salt marsh mosquito Ae. vigilax is 
still breeding in upper tidal areas of Wickham Point, which was expected, as several breeding sites 
located during the baseline biting insect assessment at Wickham Point were unaffected by 
development (Warchot & Whelan 2006). Trap Sites are shown in Figure 1. The trapping results do 
however reveal that large Ae. vigilax breeding sites have not been created by development, which was 
noted by Warchot & Whelan (2006) during a post construction inspection of the development site and 
immediate surrounds. 
 
The highest numbers at Trap Site 2 was expected, as this site is subject to Ae. vigilax dispersal from 
the productive salt flat area adjacent to the North Island of Wickham Point (Warchot & Whelan 2004). 
The second highest numbers of this species at Trap Site 4 indicates probable dispersal from productive 
tidal breeding sites created by the construction of the road embankment, with the presence of this 
species at Trap Site 3 also likely to be a result of dispersal from these breeding sites (Warchot & 
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Whelan 2004, 2006). Trap Site 5 recorded the third highest numbers of this species, indicating small 
upper tidal breeding sites are probably associated with the nearby silt trap overflow, which showed 
signs of minor erosion during previous inspections (Warchot & Whelan 2006). Dispersal to Trap Site 
5 probably also occurred from the tidal breeding sites at the road embankment. 
 
The presence of this species at Trap Site 6 indicated possible dispersal from breeding sites associated 
with Sediment Pond 1, either from the cut off mangrove area or discharge site (Warchot & Whelan 
2006). There may have been some minor breeding sites associated with the nearby cleared mangrove 
area adjacent to the marine flare, although this site has not been surveyed due to access constraints, so 
it is not known whether potential breeding sites exist there. There was probably also some dispersal 
from the productive salt flat area adjacent to the North Island and from the road embankment breeding 
sites. 

Other mosquito species 
The presence of Cx. sitiens in low numbers, at Trap Sites 4 & 5 in particular, during the September 
2006 trapping indicated the presence of nearby ponding in tidal areas. Most Cx. sitiens at Trap Site 4 
probably originated from the embanked tidal areas caused by the construction of the access road, 
which is likely to pond some water for most months of the year (Warchot & Whelan 2004). The low 
numbers at Trap Site 5 is probably a result of dispersal from the embanked tidal area, as nearby 
mangrove margin areas were likely to have been dry by the time of trapping in early September. 
 
The presence of low numbers of Cx. annulirostris at Trap Site 4 is interesting. The only nearby 
freshwater ponding site in late August and early September is likely to have been Sediment Pond 3, 
although if Sediment Pond 3 was the source of this species, then Trap Site 5 should have recorded the 
highest numbers. Culex annulirostris has been known to breed in tidal areas with dry season 
freshwater influence (Whelan 1988), but there is no such habitat nearby to Trap Site 4. There is the 
possibility of some dispersal to Wickham Point from breeding sites on the mainland, such as borrow 
pits and dams associated with aquaculture ventures, although these sites are located over 4km away 
and it appears unlikely that they would have been a late dry season source, unless they were 
productive breeding sites.  
 
Any stormwater drains with dry season low flows could have been a breeding site for Cx. 
annulirostris, but then it would have been expected that other trap sites closer to the development site 
would have recorded higher numbers. It is possible that ponding in the embanked mangrove area was 
conducive to Cx. annulirostris breeding, although this is considered unlikely based on the usual 
breeding sites for this species. The baseline trap results from August and September 2002 (Warchot & 
Whelan 2004) revealed very minimal mosquito numbers, indicating the source of these dry season Cx. 
annulirostris was most likely an artificially created site, but the exact site remains unclear without 
conducting larval surveys. 
 
Culex quinquefasciatus was recorded at Wickham Point for the first time in September 2006. This 
indicates that Cx. quinquefasciatus was probably brought into Wickham Point as either larvae in 
receptacles or adults harbouring in vehicles, at some stage during the construction of the Darwin LNG 
Plant. Potential breeding sites for this species at the Darwin LNG Plant will include artificial 
receptacles, stormwater drains and pits with dry season low flows, end points of stormwater drains 
with dry season low flows, bunded areas and areas of high nutrient ponding. This species can be a 
significant pest from large breeding sites. Culex quinquefasciatus is not recognised as a significant 
disease vector in Australia, but is a possible vector of Murray Valley encephalitis virus (Whelan 
1997). 

Mosquito breeding site rectification and control 
Measures to rectify or control natural and artificial breeding sites at and nearby to the Darwin LNG 
Plant have been provided in previous reports (Warchot & Whelan 2004, 2006). Please refer to these 
reports for information on mosquito breeding site rectification and control. In summary, the largest 
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breeding sites created by the development were the cut off tidal areas caused by the construction of the 
road embankment, and the cut off mangrove area adjacent to Sediment Pond 1. Other potential 
mosquito breeding sites created were the Sediment Ponds and associated discharge sites, stormwater 
drains and pits, and bunded areas. Natural salt marsh mosquito breeding sites requiring control 
included the salt flat adjacent to the North Island of Wickham Point, and the Peltophorum forest which 
Trap Site 6 was situated in (Warchot & Whelan 2004 & 2006). 

6.0 Conclusions 

6.1 Biting midges 
• Biting midge numbers have not been reduced by the development. Biting midge abundance will 

still be the same as baseline levels (Warchot & Whelan 2004), and the mangrove biting midge 
Culicoides ornatus will still be the most abundant and most significant pest species affecting the 
Darwin LNG Plant. Peak season numbers will still be very high to severe during the dry season 
months, with peak numbers from August to October inclusive. 

6.2 Mosquitoes 
• Adult mosquito trapping has revealed that the development of the Darwin LNG Plant has not 

created any large breeding sites for the salt marsh mosquito Aedes vigilax.  
 
• Some localised salt marsh mosquito breeding sites are probably associated with sediment trap 

overflow channels into tidal areas, and the cut off mangrove area nearby to Sediment Pond 1 
(Warchot & Whelan 2006). The largest artificially created breeding sites for Aedes vigilax are 
those created by the road embankment over the tidal flat leading into the Darwin LNG Plant 
(Warchot & Whelan 2004). 

 
• Other potential mosquito breeding sites created by the development included sediment ponds and 

associated discharge sites, stormwater drains and pits, and bunded areas (Warchot & Whelan 
2006). 

 
• The presence of Culex quinquefasciatus during trapping in September and October indicated the 

presence of high nutrient ponding, either in stormwater drains or pits with dry season low flows, 
end points of stormwater drains with dry season low flows, bunded areas, artificial receptacles or 
any other area containing high nutrient ponding.  

7.0 Recommendations 

7.1 Biting midges 
• Personal protection measures, as outlined in the baseline biting insect report (Warchot & Whelan 

2004), will be periodically required at the Darwin LNG Plant. This will include personal 
protective clothing, use of repellents and the treatment of personnel areas using the barrier 
insecticide bifenthrin. Employees should also be warned of impending problem periods, which are 
expected to begin from four days before the full and new moons and continue up to two days after 
the full and new moons, with highest problems in the dry season, particularly the months of 
August to October inclusive. 

7.2 Mosquitoes 
• Potential mosquito breeding sites created by the development should be rectified. This includes 

the breeding sites associated with the road embankment into the Darwin LNG Plant, and the cut 
off mangrove area adjacent to Sediment Pond 1. 

 
• A larval mosquito monitoring program should be established, with all potential mosquito breeding 

sites periodically inspected for mosquito breeding. Areas to inspect would be stormwater drains 
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and discharge points, stormwater pits, bunded areas, sediment ponds and discharge sites, and 
artificial receptacles. Natural breeding sites should also be controlled for mosquito breeding using 
appropriate larvicides.  

 
• A maintenance program should be established. The maintenance program should include the 

annual desilting and herbiciding of stormwater drains and sediment traps, rectification of any 
erosion caused by the channelling of stormwater, and rectification of any other actual and potential 
mosquito breeding sites (where practical). 
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Figure 1 – Darwin LNG Plant adult biting insect trap locations September 
and October 2006. 
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Table 1 - Darwin LNG Plant (Wickham Point) post construction biting insect trapping. Total number of adult female biting midges 
collected during biting insect trapping on the 7-8th September 2006 (one night before the full moon)
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WP1 - Site 1 at start of rocky outcrop E of narrow beach line 0 1786 38 0 38 38 1900 3.77

WP2 - Site 2 East of mudflat between sand spit and land in 10m from landward 
vegetation edge. 0 17200 800 0 1 2000 20001 39.64

WP3 - Site 3 In paperbark swamp 30m in from mangrove margin on Eastern side of 
island 0 14700 0 300 0 0 15000 29.73

WP4 - Site 4 Rocky outcrop, on top of ridge S edge of island, east corner 3 1600 600 0 0 350 2553 5.06

WP5 - Site 5 At Paperbark and mangrove interface on S edge of Island 0 2450 50 0 0 0 2500 4.95

WP6 - Site 6 In Peltophorum forest, S edge of island, approx. 250m from cut 
mangrove boat access path on south of island. 1 8500 2 0 1 0 8504 16.85

Total 4 46236 1490 300 40 2388 50458 100

% of total 0.01 91.63 2.95 0.59 0.08 4.73 100

September 2006 biting midges and mosquitoesTable 1 BM Sep 06 Medical Entomology Branch DHCS 4/3/2007



Table 2 - Darwin LNG Plant (Wickham Point) post construction biting insect trapping. Total number of adult female mosquitoes collected during biting 
insect trapping on the 7-8th September 2006 (one night before the full moon)

Mosquito species
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WP1 - Site 1 at start of rocky outcrop E of narrow beach line 0 0 0 1 0 7 1 3 12 7.19

WP2 - Site 2 East of mudflat between sand spit and land in 10m from landward vegetation 
edge. 0 0 0 0 0 3 1 0 4 2.40

WP3 - Site 3 In paperbark swamp 30m in from mangrove margin on Eastern side of island 0 1 0 0 3 11 0 7 22 13.17

WP4 - Site 4 Rocky outcrop, on top of ridge S edge of island, east corner 0 0 0 1 0 32 5 50 88 52.69

WP5 - Site 5 At Paperbark and mangrove interface on S edge of Island 1 0 1 0 0 5 8 19 34 20.36

WP6 - Site 6 In Peltophorum forest, S edge of island, approx. 250m from cut mangrove 
boat access path on south of island. 0 0 0 0 0 4 0 3 7 4.19

Total 1 1 1 2 3 62 15 82 167 100

% of total 0.60 0.60 0.60 1.20 1.80 37.13 8.98 49.10 100

September 2006 biting midges and mosquitoesTable 2 Mosq sep 06 Medical Entomology Branch DHCS 4/3/2007



Table 3 - Darwin LNG Plant (Wickham Point) post construction biting insect trapping. Total number of adult female biting midges collected during biting 
insect trapping on the 19th-20th October 2006 (10 days after October monthly high tide of 7.9m)

Biting midge species
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total

WP1 - Site 1 at start of rocky outcrop E of narrow beach line 87 0 0 0 0 0 87 2.21

WP2 - Site 2 East of mudflat between sand spit and land in 10m from landward vegetation edge. 31 2 4 2 4 0 43 1.09

WP3 - Site 3 In paperbark swamp 30m in from mangrove margin on Eastern side of island 1344 0 28 0 0 28 1400 35.61

WP4 - Site 4 Rocky outcrop, on top of ridge S edge of island, east corner 1056 44 0 2 0 0 1102 28.03

WP5 - Site 5 At Paperbark and mangrove interface on S edge of Island 588 0 12 0 0 0 600 15.26
WP6 - Site 6 In Peltophorum forest, S edge of island, approx. 250m from cut mangrove boat access path on 
south of island. 700 0 0 0 0 0 700 17.80

Total 3806 46 44 4 4 28 3932 100
% of total 96.80 1.17 1.12 0.10 0.10 0.71 100

October 2006 biting midges and mosquitoesTable 3 BM Oct 06 Medical Entomology Branch DHCS 4/3/2007



Table 4 - Darwin LNG Plant (Wickham Point) post construction biting insect trapping. Total number of adult female mosquitoes collected during biting 
insect trapping on the 19th-20th October 2006 (10 days after October monthly high tide of 7.9m)

Mosquito species
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Total
% of 
total

WP1 - Site 1 at start of rocky outcrop E of narrow beach line 0 2 0 7 3 0 11 1 0 0 2 26 6.12

WP2 - Site 2 East of mudflat between sand spit and land in 10m from 
landward vegetation edge. 1 0 1 113 5 1 8 0 0 1 1 131 30.82

WP3 - Site 3 In paperbark swamp 30m in from mangrove margin on Eastern 
side of island 0 0 0 45 0 0 9 0 1 0 0 55 12.94

WP4 - Site 4 Rocky outcrop, on top of ridge S edge of island, east corner 1 0 0 88 0 1 25 0 3 0 0 118 27.76

WP5 - Site 5 At Paperbark and mangrove interface on S edge of Island 0 1 0 52 0 0 3 0 0 0 0 56 13.18

WP6 - Site 6 In Peltophorum forest, S edge of island, approx. 250m from cut 
mangrove boat access path on south of island. 0 1 0 33 0 0 4 0 1 0 0 39 9.18

Total 2 4 1 338 8 2 60 1 5 1 3 425 100

% of total 0.47 0.94 0.24 79.53 1.88 0.47 14.12 0.24 1.18 0.24 0.71 100

October 2006 biting midges and mosquitoesTable 4 Mosq Oct 06 Medical Entomology Branch DHCS 4/3/2007



Appendix 1 



23-Aug-02 21-Sep-02 21-Oct-02 20-Nov-02 20-Dec-02 18-Jan-03 17-Feb-03 18-Mar-03 18-Mar-03 17-Apr-03 16-May-03 13-Jun-03 14-Jul-03

23-Aug-02 21-Sep-02 21-Oct-02 20-Nov-02 20-Dec-02 18-Jan-03 17-Feb-03 18-Mar-03 19-Mar-03 17-Apr-03 16-May-03 13-Jun-03 15-Jul-03

Site 1 - At start of rocky outcrop E of narrow beach line 20000 396 14700 3185 250 53 150 52 N/C 250 41 900 2058 42035

Site 2 - East of mudflat between sand spit and land in 10m 
from landward vegetation edge. 8500 15000 6500 2050 138 100 185 630 N/C 4320 252 7000 1380 46055

Site 3 - In paperbark swamp 30m in from mangrove margin
on Eastern side of island 24000 10560 19000 0 900 1410 1440 N/C 1500 450 57 5940 12320 77577

Site 4 - Rocky outcrop, on top of ridge S edge of island, 
east corner 41360 8330 4140 558 150 483 720 N/C 270 792 252 3420 3010 63485

Site 5 - At Paperbark and mangrove interface on S edge of 
Island 21168 2500 11000 924 495 370 205 N/C 1300 868 720 392 37 39979

Site 6 - In Peltophorum forest, S edge of island, approx. 
250m from cut mangrove boat access path on south of 
island. 21560 5336 35280 288 210 380 450 525 N/C 42 250 2000 2000 68321

Grand Total 136588 42122 90620 7005 2143 2796 3150 1207 3070 6722 1572 19652 20805 337452

Trap location

 Wickham Point Biting Insect Survey, Medical Entomology Branch

Summary of Culicoides ornatus collected at six trap sites set once monthly using CO2 baited EVS traps August 2002 to July 2003

Date collected

Full moon date

Grand Total

F:\ENTO\ento_files\public_information\branch_reports\baseline_studies\wickham_point\2002_03_wickham_point\Appendix 1\Baseline ornatus Medical Entomology Branch. DHCS
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