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1.0  INTRODUCTION 
 
The McArthur River Mine (MRM) is situated approximately 50 km south west of Borroloola 
in the Northern Territory (Fig. 1).  The objective of the project is to mine the silver-lead-zinc 
deposit adjacent to the McArthur River.  The ore will be transported by truck along the 
Carpentaria Highway, through Borroloola, to a barge loading facility at Bing Bong Station 
situated on the shore of the Gulf of Carpentaria.   
 
The proponents draft Environmental Impact Statement (EIS) in May 1992 included aspects of 
mosquito borne disease that had been previously raised by the N.T. Department of Health and 
Community Services (now Territory Health Services).  In the EIS the proponent undertook to 
determine the baseline mosquito numbers for a minimum period of 12 months, in co-
operation with the Medical Entomology Branch (MEB) of THS. 
 
Following discussions with Mr John Andreatidis (MRM) and Mr Peter Whelan (MEB), a 
baseline monitoring program was started on 19 April 1994.  The purpose of this study was to 
assess the impact of mining operations in the production of any new mosquito breeding sites 
or the exacerbation of existing ones. 
 
This report summarises the results of the first 12 months of baseline monitoring and discusses 
the implications of the mosquito species, their relative numbers, and the spatial and temporal 
distribution of the mosquito species in the area.  The results of a follow up field inspection on 
19-20 September 1995 are also presented. 
 
 
2.0  METHODS 
 
Five adult mosquito monitoring sites were chosen on the basis of 1; contour map information 
on the placement of proposed and existing tailings storage dams and 2; nearby water courses 
to mining operations.  Two sites were located near MRM (Fig. 2), two at Bing Bong (Fig. 3) 
and the fifth placed in Borroloola township. 
 
MRM site 1 (M1) was located on the southern side of Little Barney Creek and north of the 
mine site operations camp.  This site was approximately one kilometre south of the proposed 
"spray evaporation/irrigation area".  The siting of the "spray evaporation/irrigation area" was 
subsequently relocated to a much smaller area between the "Pilot Plant" and the McArthur 
River (Ms Toni Ward, pers. comm.). 
 
MRM site 2 (M2) was located approximately 500 m west of the intersection of the McArthur 
River and Barney Creek, approximately 1200 m east of the existing "Pilot Plant" (Fig. 3). 
 
Bing Bong site 1 (B1) was located beside the coastal access track on the east of the barge 
loading facility and approximately one kilometre west of Mule Creek.  The surrounding area 
was a mixture of salt flat, mangrove and paperbark swamp. 
 
Bing Bong site 2 (B2) was located on an access track at the coast 250 m west of the barge 
loading facility. 
 
Borroloola site (L1) was located on the grounds of the Borroloola police station, at the 
northern extremity of Borroloola. 
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Adult mosquitoes were trapped using carbon dioxide baited EVS type traps (Rohe and Fall, 
1979) that include a "grain of wheat" light source and a modified collecting container.  Traps 
were powered by two "D" cell batteries.  The traps were set once a month, initially by Mr 
Kevin Sneyd and subsequently by Ms Toni Ward (MRM environmental officer).  Traps were 
set late in the afternoon before sunset and collected the following morning after sunrise.  The 
mosquitoes were killed by freezing in a refrigerator, packaged into cardboard boxes and sent 
to the MEB for mosquito species identification, counting and comment. 
 
Field inspection 
 
MRM was officially opened on 6 September 1995.  The field inspection was conducted on 
19-20 September 1995 by Mr Brian Montgomery of the MEB (THS) and Ms Toni Ward.  
Artificial water features were inspected at MRM and Bing Bong to determine the probable 
sources of mosquitoes detected in baseline monitoring and to establish the current and 
potential impact of water sources for mosquito breeding.  The grounds of the Borroloola 
police station were also inspected. 
 
 
3.0  RESULTS 
 
3.1  Mosquito Monitoring Results 
 
The complete results for the five mosquito monitoring sites are presented in Tables 1 - 5.  
The results are summarised in Table 6.  The most prevalent and medically important species 
are presented in Figures 4 - 8. 
 
The results of larval monitoring during the field inspection are presented in Table 7. 
 
The monthly rainfall figures at MRM were provided by the Bureau of Meteorology and are 
presented in Figures 4 and 5.  It should be noted in Figures 4 and 5 that the February 1995 
rainfall data has been indicated at the 1 March 1995 mosquito monitoring date.  There was no 
rainfall recorded between April 1994 and November 1994.  During March 1994 (the month 
prior to the start of baseline monitoring) a total of 120.6 mm of rain was recorded at MRM.  
Rainfall figures for Borroloola and Bing Bong were incomplete (Bureau of Meteorology) and 
therefore are not recorded here. 
 
It should be noted that trapping intervals were not consistent throughout the baseline period.  
There was no monitoring conducted in December 1994, leaving an important gap in data. 
Traps were not set at Bing Bong sites in January 1995 due to the inaccessibility of these sites.  
Of less importance was an interval variation created by setting traps in mid-September 1994, 
whereas the other monitoring was conducted very close to the end of each month.   
 
3.2  Species Present 
 
A total of twenty-seven (27) species of mosquito were collected during the baseline 
monitoring program.  This included four (4) Anopheles species, sixteen (16) Aedes species 
and six (6) Culex species.  Culex quinquefasciatus, a domestic pest species associated with 
polluted water, was only recorded in Borroloola.  The vector of dengue fever (Ae. aegypti) 
which has been previously eliminated from the N.T. was not recorded.  
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3.3  Relative Numbers 
 
A total of 7,553 female mosquitoes were trapped over the 12 month period.  The most 
predominant species trapped was An. amictus (30.33 %), followed by An. annulipes (19.86 
%), Ae. normanensis (11.61 %), Ae. vigilax (10.41 %), Cx. annulirostris (10.02 %), Cx. 
sitiens (6.99 %) and An. hilli (5.44 %).  The complete species list is provided in Table 6.  
 
The major differences in habitat between the coastal sites at Bing Bong and the inland areas 
of the McArthur River Mine produced a different mosquito species profile for each area.  
Therefore it is more informative to comment on each of the monitoring areas independently.   
 
McArthur River Mine 
 
MRM site 1 (17 species, total number trapped 1,295).  Anopheles amictus was the most 
common species trapped (64.71 %), followed by Ae. normanensis (20.23 %), An. annulipes 
(7.26 %) and Cx. annulirostris (4.71 %). 
 
MRM site 2 (17 species, total number trapped 3,357).  Anopheles amictus was again the most 
common species trapped (38.22 %), followed by An. annulipes (37.95 %), Ae. normanensis 
(11.29 %) and Cx. annulirostris (8.55 %). 
 
Bing Bong 
 
Bing Bong site 1 (10 species, total number trapped 1,028).  Aedes vigilax was the most 
common species trapped (39.49 %), followed by Cx. sitiens (22.76 %), Cx. annulirostris 
(16.73 %) and An. hilli (14.59 %). 
 
Bing Bong site 2 (13 species, total number trapped 1,279).  Aedes vigilax was the most 
common species trapped (26.58 %), followed by Cx. sitiens (22.99 %), An. hilli (20.25 %) 
and Cx. annulirostris (10.16 %).  Less common species present were An. annulipes (7.19 %), 
Ae. daliensis (4.61 %) and An. amictus (2.74 %). 
 
Borroloola 
 
Police station site (13 species, total number trapped 594).  Aedes normanensis was the most 
common species trapped (32.32 %), followed by An. amictus (19.87 %), Cx. quinquefasciatus 
(19.87 %) and Cx. annulirostris (18.01 %).  Less common species present were An. annulipes 
(3.7 %), Ae. vigilax (2.86 %) and Ae. tremulus (2.02 %). 
 
3.4  Spatial Distribution 
 
The highest numbers of An. amictus, An. annulipes, Ae. normanensis and Cx. annulirostris 
were collected at MRM site 2 (Table 2).  This site accounted for approximately twice the 
total number of mosquitoes trapped at the next most productive site (MRM site 1, see Table 
1).  The lowest numbers of mosquitoes were trapped at the Borroloola police station (Table 
5). 
The comparatively high and similar number of An. annulipes and An. amictus recorded at 
MRM site 2 indicated that this site was closest to productive breeding sites for these species.  
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Consultation of the site plan indicates that the MRM site is relatively flat and flood prone and 
therefore likely to create large areas of suitable mosquito breeding sites on a seasonal basis. 
  
The species with the highest numbers trapped on a given trap night was An. amictus from 
both MRM sites.  A similarly high number of An. annulipes was recorded from MRM site 1. 
 
The highest numbers of Ae. normanensis were collected at MRM site 2.  This species was 
also the most common species at Borroloola.  
 
The highest numbers of Ae. vigilax were collected at Bing Bong site 1 (Table 3).  
 
The highest numbers of Cx. sitiens were recorded from Bing Bong site 2 (Table 4). 
 
3.5  Temporal Distribution 
 
McArthur River 
 
The highest numbers of mosquitoes were collected in March 1995 and corresponded with 
large peaks of An. amictus at both sites (Figs 4 and 5).   
 
The number of An. annulipes at MRM site 1 peaked in March 1995 but at a relatively low 
number (Fig. 4).  The numbers of An. annulipes at MRM site 2 fluctuated throughout the year 
(see Fig. 5).  Numbers were high when monitoring began in April 1994 and reached a similar 
peak in April 1995.  Two secondary peaks occurred in July 1995 and August 1994. 
 
The peak in numbers of Ae. normanensis in March 1995 at both MRM sites was less 
pronounced than that of the Anopheles species.  A secondary peak occurred earlier in January 
1995 at MRM site 2 (Fig. 5). 
 
Culex annulirostris numbers were relatively low at all sites.  The highest number was 
recorded at MRM site 2 (Fig. 5) when monitoring commenced in April 1994.  A secondary 
peak occurred in November 1994.  Numbers were low throughout the year at MRM site 1, 
with a small peak in March 1995 (Fig. 4). 
 
Bing Bong 
 
Aedes vigilax was the most common species at Bing Bong (Table 5) and reached a peak in 
March 1995 at Bing Bong site 1 (Fig. 6).  A comparatively smaller peak occurred at Bing 
Bong site 2 in March 1995 (Fig. 7). 
 
Culex sitiens peaked at the same time and a similar magnitude as Ae. vigilax at Bing Bong 
site 2 (Fig. 7).  This species peaked much earlier at Bing Bong site 1 (Fig. 6).  The 
persistence of this species at Bing Bong site 2 (from June until October 1994) indicated the 
presence of a stable breeding site(s) nearby. 
 
The maximum number of Cx. annulirostris at Bing Bong site 1 occurred when monitoring 
began in April 1994 (Fig. 6).  The species was subsequently absent until it re-established at 
low levels from March 1995.  A similar trend was evident at Bing Bong site 2, except that the 
highest numbers were trapped in March 1995 (Fig. 7). 
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Borroloola 
 
Aedes normanensis was the most common species at Borroloola.  Two peaks of similar 
magnitude occurred in January 1995 and March 1995 (Fig. 8).  Anopheles amictus also 
reached a small peak in March 1995.  Culex quinquefasciatus was present at consistent levels 
throughout much of the year, indicating the existence of a permanent breeding site or sites 
nearby. 
 
3.6  Field Inspection:  19 September 1995 
 
3.6.1  McArthur River Mine 
 
The positions of many of the following areas are indicated on Figure 2. 
 
Tailings Pond.  The pond was virtually empty of water on 19 September 1995.  The margins 
were not vegetated and larvae were not detected.  The level of chemicals in the water (e.g. 
copper sulphide) may not provide an environment suitable for mosquito breeding. 
 
Tailings Impoundment (Stage 1).  A slurry was observed being pumped into the 
impoundment, resulting in the formation of a shallow layer of water.  These pools were likely 
to dry out relatively quickly and therefore were unlikely to provide mosquito breeding sites. 
 
Little Barney Creek.  This creek line is downstream from the Tailings Pond and was the 
location of an adult mosquito monitoring site (M1).  At the time of inspection the creek line 
was dry.  It was noted that the trap was in a relatively exposed position which may have 
reduced the effectiveness in mosquito capture.  The creek line was relatively shallow and the 
catchment area is now intercepted by the Tailings Impoundment. 
 
Surprise Creek is broad with significantly steep banks.  The creek was dry and Ms Ward 
advised that it had only contained water for a period of approximately 3 weeks after the wet 
season. 
 
Land Application area.  This area was used instead of the proposed irrigation area due to the 
small amount of excess water that had been generated.  It was an unformalised area located 
immediately east of the existing pilot plant.  There was evidence of prolonged pooling in a 
single small depression.  Ms Ward advised that the pool had not persisted longer than 5 days.  
Pooling of fresh water for a period longer than 5 days can lead to the creation of mosquito 
breeding sites. 
 
Sediment Pond and Decant Pond.  The ponds were located immediately north of the existing 
pilot plant.  Bore water is pumped from the sediment pond before overflowing into the decant 
pond.  The walls of the original sediment pond had collapsed and an outer wall had 
subsequently been constructed.  The resultant moat should be monitored for larvae in future, 
particularly if marginal vegetation becomes thick in the wet season. 
 
The margins of both ponds were steep and vegetation was not growing into the water.  No 
larvae were detected and agitation of the water surface by wind action would minimise the 
suitability of the ponds as mosquito breeding sites. 
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Silt Trap.  The silt trap downhill from the decant pond was dry, largely filled with silt but 
with no vegetation.  It will require desilting before the upcoming wet season.  Ms Ward 
advised that a secondary silt trap had as yet been largely unused. 
 
Rain Water Run Off area.  This site was located in a dammed gully immediately north of the 
concentrator site.  There was a small amount of runoff water from mining operations.  There 
was no vegetation at the edges and the water quality was unlikely to be suitable for mosquito 
breeding. 
 
McArthur River - Trap site M2.  The trap site was located in a relatively isolated location 
approximately 100 m south of Barney Creek, which was dry.  The banks of Barney Creek 
toward the McArthur River were very steep and deep. 
 
High levels of biological control (aquatic beetles, damsel fly larvae and fish) were observed 
in isolated pools at the junction of Barney Creek and the McArthur River.  Anopheles 
annulipes larvae were detected amongst a filamentous algal mat that was not present in the 
two other isolated pools sampled (Table 7).  The banks of the McArthur River were very 
steep and deep at this site. 
 
Workers Camp - Sewage Treatment.  The sewage treatment system is located on the western 
margin of the workers camp.  Sewage was being treated by an activated sludge process.  
Treated effluent was observed being released from the sewage treatment plant into the upper 
reaches of Barney Creek via a narrow drainage line.  Large quantities of excess effluent had 
pooled upstream and downstream of where the drainage line discharged into Barney Creek.  
The water was extremely green and an algal scum was particularly evident upstream of the 
channel discharge point.  The presence of the scum indicated that pooling of nutrient rich 
water had occurred for an extended period.  Downstream from the channel discharge point 
the effluent had formed a series of large interconnected green pools. 
 
Amongst the algal scum on the water surface low levels of An. annulipes (1-2/dip) and high 
levels of Cx. annulirostris larvae (20/dip) were sampled (Table 7).  Similar densities occurred 
in narrow sections of the creek line where hoof marks from livestock had created small 
isolated pools.  In the larger pooled sections of Barney Creek high levels of larvae were 
detected where vegetation had grown into the pools.  All instars of mosquito larvae were 
present (50/dip in protected areas). 
 
The total length of pooling in Barney Creek was estimated at approximately 600 m and 
represents a potential health problem from mosquito borne disease to nearby residents in the 
workers camp. 
 
3.6.2  Borroloola 
 
The police station is located at the northern extremity of Borroloola township.  It was 
inspected to determine the source of Cx. quinquefasciatus recorded in baseline monitoring.  A 
large unsealed septic tank was located approximately 15 m from the trap site.  The lid was 
removed and high levels of fourth instar Cx. quinquefasciatus larvae (20/dip) were detected.  
This tank was probably the major perennial source of Cx. quinquefasciatus for this trap site.  
Tyres used to ring posts adjacent to the trap site may have provided an additional source of 
this species after the wet season.  (Incomplete rainfall data recorded 188.6 mm from January 
to April 1995.)   
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The constable was advised of the need to reseal the septic tank.  In the interim a weekly 
treatment with diesel was recommended to prevent further mosquito breeding occurring. 
 
The elevated residence at the rear of the police station was inspected after the constable 
advised that high number of mosquitoes had been noted in recent weeks.  Adult Ae. vigilax 
and Cx. quinquefasciatus were detected after spraying the area with an aerosol space spray.  
The constable advised that the McArthur River (less than 1 km to the east of Borroloola) was 
tidal at this time of year.  An inspection of the septic tank at the Community Health Centre 
across the road revealed it was unsealed in the overflow section.  Mosquitoes would therefore 
have access to the septic tank through the interconnecting pipe.  Discussion with the cleaner 
indicated a mosquito problem in Borroloola township in recent weeks. 
 
Hence the McArthur River was the source of Ae. vigilax and the two septic tanks, and 
probably others throughout Borroloola, the source of Cx. quinquefasciatus. 
 
3.6.3  Bing Bong 
 
Barge Loading Facility.  This facility was constructed westward of the position indicated on 
the maps in the EIS.  The barge loading facility has been constructed on the frontal dune with 
an excavated channel extending north into the sea.  Hence there is no causeway over a salt 
flat as proposed in the original EIS.  Potential problems of aggravating Ae. vigilax breeding 
sites by restricting drainage of the salt flat after high tides were subsequently avoided. 
 
Mule Creek is situated approximately 2 km east of the barge loading facility.  An inspection 
of the associated salt flats indicated that the majority of the area appeared to be relatively free 
draining.  An interdune depression north of the access road was dominated by a succulent 
ground cover and may provide suitable breeding sites for Ae. vigilax after high tides or 
significant rainfall.  Similar small areas toward the barge loading facility were detected 
among the cheniers and may also be productive Ae. vigilax breeding sites. 
 
Dredge Spoil.  Dredge spoil has been stored in a bunded area.  Areas toward the eastern end 
of the bunded area, including interrupted natural drainage east to west and areas on the spoil  
(Fig. 3, A) need filling and draining as they will retain water after significant rain and may 
have the capacity to breed mosquitoes.  Several other non draining areas were located 
between the bunded area and the frontal dune (Fig. 3, B).  A properly surveyed and 
constructed drainage system will be required, probably from A (Fig. 3) to the south (levels 
will be required) to ensure rainwater does not pool for greater than 5 days to prevent the 
creation of mosquito breeding sites.  Ms Ward indicated that this area had recently been 
surveyed to improve drainage.  This area will require inspection three days after significant 
rain to monitor for mosquito larvae. 
 
Interdune Depression.  West of the barge loading facility there was an apparently impounded 
tidal area in an interdune depression, as indicated by the predominance of dead wood (Fig. 3, 
C).  This site will probably be an additional source of Ae. vigilax following high tides or rain. 
 
Disturbed Area Depression.  On the frontal dune above the SW edge of the barge channel 
was a disturbed area created during the construction phase of the channel (Fig. 3, D).  This 
area forms a depression that will retain rainwater and probably tidal water after very high 
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tides.  The area can be effectively drained by a short runnel from the SW edge of the channel 
wall to the lowest part of the depression.   
 
Borrow Pits.  On the west of the dredge spoil and Bing Bong access road several borrow pits 
were created during the construction of the road (Fig. 3, E).  These pits require filling to 
ground surface levels to remove artificially created mosquito breeding sites.  A culvert is 
located on the Bing Bong access road between the borrow pits and dredge spoil area.  A 
section of the silt surrounding the western end of the culvert will need to be cleared to ground 
surface level to prevent the impoundment of a large areas of surface water during the wet 
season.   
 
Workers Camp.  The worker accommodation and facilities (shower block, laundry and 
toilets) were not insect screened.  High numbers of Ae. vigilax adults (17 collected from 
exposed arms and legs between 1835 hours and 1839 hours) were detected biting at sundown.  
This equates to 255 bites per hour.  These adults were probably the result of the 1.5 m tides 
(Milner Bay, Groote Eylandt) on 7 - 8 September 1995.  The mosquito problem can therefore 
be expected to be severe in December and January when Ae. vigilax numbers will peak 
following flooding of breeding sites by high tides (up to 2.1 m) and/or significant rainfall.   
 
Septic Tanks.  The septic tanks located approximately 100 m east of the workers camp were 
not effectively sealed due to a drilled hole in several of the metal lids.  If the septic tanks are 
not regularly flushed they will create a breeding site or mosquitoes.  The rainwater tank 
requires mosquito proofing to prevent the establishment of additional sources of container 
breeding mosquitoes. 
 
Lagoon.  A fresh water lagoon (an Aboriginal sacred site) located approximately 1 km south 
(inland) from the barge loading facility was inspected.  The lagoon margins were not 
vegetated and no mosquito larvae were detected.  This site may be a source of mosquitoes 
when it floods during or after the wet season. 
 
 
4.0  DISCUSSION 
 
4.1  Species Present, Medical Importance and Relative Occurrence 
 
The mosquito species recorded were those to be expected from the general Borroloola region.  
The various species are discussed below under their respective species headings. 
 
4.1.1  Anopheles farauti "The Australian malaria mosquito" 
 
Anopheles farauti is the most important potential malaria vector in the Northern Territory.  
Malaria is no longer present in the Northern Territory, but mining operations in particular 
have a relatively high potential to reintroduce malaria into Australia because a relatively high 
proportion of a mines workforce is mobile and is often sourced from countries where malaria 
may be present.  One potential problem is that cases of imported malaria may not be rapidly 
detected and may subsequently infect the local species of Anopheles mosquitoes. 
 
Anopheles farauti was not detected in this baseline monitoring program.  The absence of An. 
farauti is a good indication that the potential for the introduction of malaria in this area is 
possibly somewhat less than other areas in the "Top End".  However An. annulipes was the 
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probable vector of malaria epidemics in this area prior to 1962, and this vector must be 
regarded as the probable potential vector in this area. 
 
4.1.2  Anopheles amictus 
 
This species breeds in fresh water ground pools and swamp margins, either sunlit or shaded.  
Often the water is muddy (although usually not polluted) and larvae are sometimes found in 
running water.  The larvae often occur in shallow muddy pools formed by the drying out of 
larger temporary water bodies at the end of the wet season.  They have also been collected in 
swamp margins, amongst green algae in fresh running water, rock pools, hoof marks at the 
edge of billabongs and soakage holes in dry river beds (Lee et al., 1987).  
 
The highest number of An. amictus (1,127 females per trap night) was trapped at MRM site 2 
(the intersection of Barney Creek and the McArthur River) in March 1995.  This was after 
periods of heavy rainfall, particularly in January and March 1995 (210 mm and 178 mm 
respectively).  Hence we can speculate that high numbers of adults corresponded to the 
period when the McArthur River and associated creeks had recently flooded, creating large 
areas of muddy water where An. amictus larvae were relatively free from biological control 
agents (e.g. fish, aquatic beetle and bugs, dragonfly and damselfly nymphs).  The rapid drop 
in adult numbers trapped the subsequent month was probably due to the draining and drying 
out of breeding sites.  
 
Anopheles amictus was at moderately high numbers for only a short period of time at MRM 
site 1 (which was closest to mine accommodation) and MRM site 2.  This result indicated 
that the current potential for malaria transmission is possibly lower than more northern areas 
of the "Top End" where high there are high numbers Anopheles are extended over longer 
periods.  The potential for malaria transmission will however be relatively high, particularly 
in March and April when An. amictus numbers are high.   
 
4.1.3  Anopheles annulipes "The common Australian Anopheline"  
 
This species breeds in open sunlit ephemeral and perennial fresh water ground pools, often in 
association with emergent vegetation or algae that offers some protection from aquatic 
predators.  It is also highly responsive to newly created water bodies in earth without 
vegetation (Lee et al., 1987).  It is a potential vector of malaria and can be a minor pest.  
 
The numbers of An. annulipes reached high numbers at MRM site 2 in April of both years 
(late wet season) and had secondary peaks in May, July and September 1994 (mid dry 
season).  As was the case for An. amictus, the large peaks in April probably corresponded to 
the period after when the McArthur River and associated creek banks had flooded and 
perhaps had begun to recede, leaving large areas of isolated pools where biological control 
agents had not become established.  The numbers of mosquitoes rapidly dropped probably as 
a result of pools draining or drying out.  By the end of August 1994 the nearby creeks and 
tributaries of McArthur River had probably largely dried up, forming isolated longer lasting 
deeper pools in the McArthur River in which larvae were relatively protected from biological 
control agents.   
 
Anopheles species do not bite until after dusk and do not tend to fly more than a few 
kilometres from their breeding sites.  The relatively low level of An. annulipes at MRM site 1 
(Table 1) indicated that the potential for malaria transmission near accommodation was 

11 
F:\ENTO\ento_files\public_information\branch_reports\mine_sites\mcarthur_river\McArthur River Mine Baseline Study.DOC 



 

relatively low in this area compared with many areas in the "Top End".  However the 
discharge of effluent into Barney Creek has created a source of this species 500 m closer to 
the workers than the M1 site.  Therefore the results of baseline monitoring underestimate the 
true potential impact of Anopheles to personnel at the worker accommodation.  A more 
accurate indication of exposure to Anopheles species in the worker camp would have been 
provided by a trap set where the channel discharges effluent into Barney Creek. 
 
The primary potential vector species for malaria in Australia is generally considered to be An. 
farauti s.l. because of its known association with the disease in Papua New Guinea and 
because it was shown to be a vector in an epidemic in Cairns in 1942 (Russell, 1987).  
However, Russell (1987) showed that a sibling species of An. annulipes in SE Australia was 
relatively long lived and therefore An. annulipes in the N.T. must also be considered a 
probable potential vector of malaria.  If several An. annulipes or An. farauti females bite a 
malarious person (with the sexual forms of the parasite in their blood) there is a good chance 
that at least one will survive the minimum of 10 days necessary before it is capable of 
transmitting malaria to another person.  Malaria transmission is more likely to occur if 
relatively high numbers of females have bitten the malarious person. 
 
The baseline monitoring results indicated that there was a potential for malaria transmission  
for night shift workers at MRM and to a lesser extent Bing Bong, particularly from March to 
May, if a person who has contracted malaria overseas was or had recently been present in the 
area because of the high numbers of Anopheles.  The discovery of An. annulipes larvae in 
effluent pools in Barney Creek in September 1995 indicated that personnel at the workers 
camp were at a greater and unmeasured potential risk during the dry season than that 
indicated by baseline monitoring. 
 
4.1.4  Aedes normanensis "A floodwater Aedes mosquito" 
 
This species breeds in newly flooded ephemeral ground pools during the wet season.  During 
the latter part of the previous wet season the eggs are laid at the receding margins of ground 
pools.  The eggs hatch soon after flooding by the first rains of the wet season.  Adults will 
continue to lay eggs in suitable sites as the wet season continues to produce a peak in adult 
numbers in March. 
 
The highest numbers of Ae. normanensis were trapped in March 1995 at MRM site 2.  
Numbers were also relatively high in January 1994 due to significant rainfall during these 
months.  Less pronounced peaks were also recorded at MRM site 1 (Barney Creek) and at 
Borroloola. 
 
Numbers fell dramatically after the rain ceased, indicating that this species primarily 
exploited ephemeral pools and flooded depressions and did not utilise permanent pooling in 
tailings dams or the McArthur River or nearby creeks.   
 
Aedes normanensis is a significant potential vector of epidemic polyarthritis and a potential 
vector of Australian encephalitis and Barmah Forest virus disease (Whelan and Weir, 1993).  
It can bite in significant numbers during the day in shaded areas and can be a major pest 
around sundown and for up to two hours after dark.  Its persistent biting habits require 
significant self protection measures from mosquito bites, especially for MRM staff and 
residents of Borroloola. 
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4.1.5  Aedes vigilax "The salt marsh mosquito" 
 
Aedes vigilax commonly breeds in salt water swamps and temporary pools that are filled by 
the highest spring tides and after episodes of significant rain (over 25 mm in a 24 hour 
period).  Breeding sites may be created when sand dunes or mangrove boundaries have been 
disturbed so that natural drainage is impeded.  Unlike many species of mosquito Ae. vigilax 
can be a significant pest during the day because it will bite during the day, particularly in 
shaded areas.   
 
Aedes vigilax was recorded in high numbers at both Bing Bong sites.  A maximum of 322 per 
trap night was recorded in March 1995 at Bing Bong site 1.  This level of Ae. vigilax would 
have represented a significant pest problem for unprotected people because of its painful bite 
and habit of biting during the morning, evening and early hours of the night.  The 
approximate pest threshold for relatively unprotected Darwin residents is 20 Ae. vigilax per 
trap night. 
 
The presence of Ae. vigilax at MRM indicates that it is dispersing at least 75 km from 
breeding sites in the tidally influenced sections of Mule, Batten and Bing Bong Creeks and 
McArthur River or other suitable breeding places around the coast (Fig. 1).  The source of 
these mosquitoes will be determined by the prevailing wind directions.  The high numbers at 
the specific trap sites at MRM probably represent more suitable harbouring sites of shade and 
higher humidity rather than any indication of proximity to the nearest breeding site.  At sites 
distant from the coast Ae. vigilax is generally present only in significant numbers for 
approximately a week after the high tides at the latter stage of the dry season. 
 
Aedes vigilax numbers would have been much higher in the December-January period after 
spring tides.  The highest tides before the monitoring date at which Ae. vigilax numbers 
began to increase (30 November 1994) were a series of 1.8 m ACD tides from 7-9 November 
1994.  The 1.7 m tide on 22 November may have caused another hatch but this would not 
have been evident on 30 November 1994 as it requires about 9-10 days after the first 
initiation tide for adults to appear in a C02 baited trap.  The majority of adults from the 1.8 m 
tides had probably died prior to the monitoring date on 30 November 1994 as the longevity of 
adults at this time of year is approximately 1-2 weeks.  The highest numbers of Ae. vigilax 
recorded in March 1995 (322/trap night) at Bing Bong site B1 were most likely the result of 
the 1.8 m tide cycle on 15 March 1995 and possibly previous rainfall (140 mm in January 
1995, incomplete data from Met. Bureau). 
 
There were seven spring tide episodes over 1.8 m ACD between 30 November 1994 and the 
next mosquito monitoring date on 1 March 1995.  The highest of these were two 2.1 m tides 
on 30-31 January 1995.  In addition Bing Bong recorded at least 140 mm of rainfall between 
16 and 26 January 1995 (Bureau of Meteorology, incomplete data).  Therefore the level of 
Ae. vigilax during December, January and February was not indicated by this baseline 
monitoring. The gap in data could represent a period of very high numbers of Ae. vigilax.   
 
The observation of large numbers of Ae. vigilax biting during the field inspection in 
September 1995 at Bing Bong (255 bites per hour) and the lack of rainfall indicated that the 
threshold tide for initiating large hatches of this species can be refined to 1.5 m ACD. 
 
Aedes vigilax is a potential vector of epidemic polyarthritis.  The potential for epidemic 
polyarthritis transmission for personnel at Bing Bong will be highest between December and 
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April when Ae. vigilax numbers are high.  Personnel should be warned of the risk of exposure 
to mosquito borne disease and advised to use self protection measures from mosquito bites. 
 
4.1.6  Culex annulirostris "The common banded mosquito"  
 
Culex annulirostris breeds in open sunlit ground pools, often in association with vegetation 
such as grasses and semi aquatic sedges and reeds.  It can readily exploit ephemeral shallow 
grassy depressions following rain, as well as the more perennial pools.  The numbers of Cx. 
annulirostris were low throughout the year, indicating a paucity of extensive breeding sites at 
all locations.  The highest numbers trapped on a single night was at Bing Bong site 1 in April 
1994 (Table 3), indicating the presence of ephemeral fresh water creeklines or pools in the 
nearby area. 
 
This species will exploit poorly constructed water storage ponds, poorly cleared areas that 
contain depressions, and water retention structures that do not drain completely within 4 or 5 
days of filling with water.  Biological control agents in the McArthur River and associated 
creeks probably kept numbers low in the larger breeding sites once the monsoonal weather 
stops.  However, any artificial siltation of these water ways will promote the creation of 
isolated pools and subsequently aggravate mosquito breeding.  
 
The relatively lower number at MRM in April 1995 when compared to April 1994 is 
probably directly attributable to the prolonged flooding of suitable breeding sites following a 
comparatively higher wet season at the beginning of 1995.  The flooding of breeding sites 
may have provided aquatic predators with more ready access until breeding sites had dried 
out. 
 
The low numbers of Cx. annulirostris adults recorded throughout the baseline monitoring 
program indicated that the risk for Australian encephalitis was relatively low.  As this species 
bites primarily after sundown, self protection measures can be relatively easily employed to 
give a good degree of protection against mosquito bites.  It is most likely to be prevalent from 
November to March during dry years and from November to June in the wetter years.   
 
The discovery of high densities of Cx. annulirostris larvae in Barney Creek where effluent 
had pooled indicated that the seasonal numbers of this species was probably greater than that 
provided by the results from MRM site 1.  However this is an artificial site that would be 
returned to a natural seasonal breeding site once the disposal of effluent is rectified. 
 
 
 
 
4.1.7  Culex sitiens "The salt water Culex mosquito" 
 
Culex sitiens breeds in brackish to salt water pools influenced by high tides.  It is often found 
with Ae. vigilax and An. hilli in salt marshes or in pools that have some salt water influence.  
It was recorded in moderate numbers at both Bing Bong sites.  It may therefore have been 
much higher in the December-January period after spring tides.  
 
It is not a known vector of disease but is a suspected vector of epidemic polyarthritis 
(Mackenzie et al., 1994; Russell, 1995) and does not disperse far from breeding sites.  
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4.1.8  Culex quinquefasciatus "The brown house mosquito" 
 
Culex quinquefasciatus is a species associated with human settlement.  Larvae are often 
found in septic tanks, polluted ground water and artificial containers.  Its presence in 
Borroloola indicates that it may eventually colonise MRM and Bing Bong sites.  However, as 
trap sites were positioned away from the mine site office it is possible that this species may 
have already been introduced to MRM but is at very low levels and therefore was not 
detected.  Breeding sites of Cx. quinquefasciatus may only be productive during, and for the 
few months following, the wet season.  
 
With adequate precautions this species can be excluded from MRM sites of operation (see 
Section 4.2.5). 
 
Septic tanks are required to be installed such that they are completely mosquito proof.  An 
inspection of any septic tanks by the Environmental Officer is recommended when first 
installed and then on an annual basis to ensure that they remain mosquito proof. 
 
4.1.9  Aedes aegypti "The Dengue mosquito" 
 
The vector of Dengue Fever (Ae. aegypti) is no longer present in the Northern Territory.  
However it has the potential to be imported from Queensland in tyres or other containers that 
may have held water that are sourced from areas where Ae. aegypti occurs (e.g., Mt Isa, 
Townsville, Cairns).  It is therefore recommended that all old machinery tyres in particular be 
either stored under cover, holed or filled with sand or soil to prevent the retention of 
rainwater (see Section 4.2.6). 
 
No used tyres should be sourced from Queensland unless they have been super chlorinated to 
kill any dormant Ae. aegypti eggs.  Additional items that should not be sourced from 
Queensland include old petrol and oil drums, pot plant drip trays and other vessels capable of 
holding water.  
 
In the event that Ae. aegypti larvae are detected they should be eradicated by either treating 
the container(s) with a super chlorine solution or where practicable, emptying the 
container(s) out.  A survey of all containers capable of holding water in the area should then 
be conducted.  These containers should be marked and filled with water to their maximum 
capacity to hatch any dormant eggs that were laid above the present water level.  A follow up 
inspection of previously marked containers within 7 days of filling with water will intercept 
any larvae that hatched from dormant eggs before they can disperse as adult mosquitoes.  
Larvae can be eradicated by once again using a super chlorine solution. 
4.2  Potential Breeding Sites 
 
4.2.1  Septic tanks and waste water 
 
Septic tanks and waste water from watering or wash down operations have the potential to 
breed a number of mosquito species including Cx. quinquefasciatus.  Septic tanks in 
particular have an enormous capacity to breed mosquitoes because of the high organic 
content and the lack of any biological control organisms.  All waste water should be correctly 
collected, stored and disposed of such that it can not breed mosquitoes.  Precautionary 
measures, such as the elimination of containers holding water and the correct sealing of 
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septic tanks, are recommended to prevent the introduction of Cx. quinquefasciatus to MRM 
or Bing Bong from Borroloola. 
 
The method of effluent disposal observed at MRM was in direct contravention of that 
proposed in Section 5.3.5 (Sewage treatment Plant Effluent Disposal) of the EIS.  The 
disposal of effluent was proposed to be by a combination of evaporation and spray irrigation 
of a defined area designed to eliminate ponding (Section 3.10.3 of the EIS).  There was no 
evidence of the 5,000 m2 of irrigation disposal area originally proposed to prevent the 
pooling of water.  Instead an artificially maintained creek with a high level of organic 
pollutant has been created which was creating a perennial source of mosquitoes.  This matter 
is to be remedied by MRM management.  The regional Environmental Health Officer (EHO) 
has been notified and will need to inspect and approve the remedial measures. 
 
The septic tanks at Bing Bong were not adequately sealed due to the presence of inspection 
holes in the metal lids.  It is unclear whether excess water is to be disposed of by infiltration.  
If this is the case the tanks will need to be checked in the wet season.  The rainwater tank was 
also not mosquito proof. 
 
From the limited inspection of Borroloola there may also be a high probability of other 
unsealed septic tanks in the township.  The presence of numerous breeding sites increases the 
risk of Cx. quinquefasciatus establishing at MRM or Bing Bong.  The EHO has been notified 
and will be conducting an inspection of Aboriginal community septic systems in October 
1995. 
 
4.2.2  Ephemeral creek lines 
 
The ephemeral creek lines leading to Barney Creek and the McArthur River are likely to 
include significant areas of poorly draining floodways during the wet season that will provide 
suitable and productive habitats for An. amictus, An. annulipes, Cx. annulirostris and Ae. 
normanensis.  
 
Any development such as silt retention structures or storage dams on these creeks is likely to 
lead to significant increases in numbers of the common mosquito species, unless the water 
storage facilities take the particular habitat of these species into account in the design phase.  
The rainfall episodes from November 1994 to April 1995 would have initiated egg hatch of 
Ae. normanensis in ephemeral creeklines, flood plains (e.g. north of MRM site 2) or other 
depressions that retained water for a period of five days.  Any depressions that retained water 
for an extended period of time would subsequently become breeding sites for Cx. 
annulirostris.  However the presence of biological control agents (e.g. fish, aquatic beetle and 
bugs, dragonfly and damselfly nymphs) would serve to dramatically reduce the larval 
population until the water sources dry out during the dry season.  
Conversely, any measure that improves the drainage of these areas or the construction of 
facilities that removes areas of poorly draining floodways is likely to reduce the numbers of 
these mosquito species. 
 
4.2.3  McArthur River and associated creek lines 
 
The McArthur River near MRM retains water into the dry season in defined and deeper 
channels in the lower reaches of its tributaries.  The lower reaches of these tributaries will 
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continue to breed mosquitoes after the wet season at specific sites of thick marginal 
vegetation or isolated pools, but at decreasing levels as the dry season progresses. 
 
In the early dry season the upper and the lower reaches of the McArthur River and associated 
creek lines are likely to provide favourable harbouring and resting sites, as well as breeding 
sites for An. amictus and An. annulipes and to a much lesser extent Cx. annulirostris.  This 
will increase the probability of survival of individual mosquitoes in these sites and these 
areas will give rise to potentially infected mosquitoes that could infect MRM personnel. 
 
In the mid and late dry season, the river and creeks ares not likely to be contain significant 
mosquito breeding sites, either because they will be dry or contain only defined pools, with 
bare margins and numerous aquatic predators of mosquito larvae.  Even minor numbers at 
deeper pools are not likely to cause a significant pest or public health problem for personnel 
at MRM because of the considerable distance between the persistent pools and the plant site 
over the majority of the dry season.  
 
The extent and impact of the artificial input of nutrient rich water on mosquito breeding from 
the disposal of effluent downstream into Barney Creek are unknown for times of the year 
other than that observed in the field inspection (19 September 1995). 
 
4.2.4  Retention dams 
 
Large retention dams and water storage sites have the potential to become mosquito breeding 
sites.  However, with attention to the slope of the margins, these structures can largely be 
made mosquito free.  The margins of the "Tailings Runoff Dam" are not steep.  It is unlikely 
to be a significant source of mosquitoes due to the chemicals in the water and if the margins 
are maintained free of vegetation.   
 
4.2.5  Pooling due to impeded stormwater runoff 
 
Various artificial structures and earth disturbances could lead to increased mosquito breeding 
near the plant site.  Any site clearing that does not allow adequate wet season drainage or 
leads to minor depressions can produce breeding sites of An. amictus, An. annulipes, Ae. 
normanensis and Cx. annulirostris.   
 
The most productive artificial breeding sites will probably be silt retention facilities in 
drainage lines. These are likely to have increased vegetation growth, including grasses, and 
lead to the retention of storm water for periods long enough for mosquitoes to complete their 
larval development.  Any silt retention structure should be able to completely drain within 
four days after rain.  This should satisfy the silt retention purpose and prevent additional 
mosquito breeding. 
 
4.2.6  Artificial containers 
 
Artificial containers such as tyres, drums, disused machinery and any rubbish items that can 
collect rain water are potential mosquito breeding sites.  The closer these items are to 
personnel areas, the greater the potential pest problem is likely to be.  Any large machinery 
tyres in storage yards are a particular problem because of the considerable volume of water 
that they can hold.  In addition, any tyres or other machinery that have been transported from 
Queensland poses the risk of importing the exotic "Dengue mosquito" Ae. aegypti.  All 
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disused artificial containers (e.g. several disused tyres observed on site) should be either 
stored under cover, disposed of by land fill or otherwise rectified so that they can not retain 
rain water.  Large machinery tyres could be filled with earth or be holed to prevent the 
pooling of water. 
 
The presence of mosquito species such as Aedes (Mac.) species 121, Ae. mallochi, and to a 
lesser extent Ae. britteni, Ae. pecuniosus, Ae. tremulus, Ae. (Mac.) species 76 and Ae. 
notoscriptus (Tables 2 and 6) at MRM site 2 indicated the presence of tree hole breeding 
sites.  These species do not tend to disperse very far from the breeding site (100 m).  Aedes 
notoscriptus and Ae. tremulus are regularly collected in artificial containers in association 
with Cx. quinquefasciatus in Darwin.  The presence of these two species at MRM site 2 
indicated the possible presence of artificial containers.  The inspection in September 1995 
however did not detect any artificial containers in this area. 
 
A survey of any water holding containers around MRM is recommended a week after heavy 
rain to identify and eliminate potential sources for Cx. quinquefasciatus.  Any containers that 
can not be emptied, holed or filled and in which mosquitoes are breeding should be treated 
with larvicide (see Section 5.3).  Any water holding container that cannot be stored or 
emptied should subsequently be adequately screened to prevent mosquito access.   
 
4.3  Potential Mosquito Borne Diseases 
 
The most important potential endemic mosquito borne diseases in the Borroloola area are 
Australian encephalitis, epidemic polyarthritis and Barmah Forest disease (Mackenzie et al., 
1994; Russell, 1995; Whelan et al., 1992).  There is no vaccine against these diseases so the 
best method of prevention is self protection from mosquito bites (Appendix 1).  The period of 
greatest risk for epidemic polyarthritis at MRM sites and Borroloola is when Ae. normanensis 
occur in the wet season, between December and March.  At Bing Bong the greatest risk 
period for epidemic polyarthritis and Barmah Forest virus is between October and April when 
Ae. vigilax is prevalent.  
 
4.4  Future Mosquito Monitoring  
 
This monitoring forms the baseline level that can be used to determine if any additional 
mosquito species are introduced to the area and if there are significant rises in the relative 
numbers of any mosquitoes that could be attributed to the operation of the mine.  
  
The present baseline data is limited in that it is relatively insensitive at once a month and that 
it covers only one year.  Important monitoring at Bing Bong has not been collected for  
December and January, when the important disease vector Ae. vigilax probably reaches a 
seasonal peak.  It would also be beneficial to monitor the ill draining sites between the frontal 
dune and the bunded area identified during the field inspection.   
 
The artificially maintained mosquito breeding sites created by the discharge of effluent into 
Barney Creek were not adequately monitored.  The inclusion of a monitoring site in this 
location will provide a more accurate indication of the pest and potential disease vectors 
likely to influence workers at the accommodation site.  It will also provide information on the 
efficacy of the rectified effluent disposal system in preventing the pooling of water and the 
efficacy of larval control operations if required.  For similar reasons the monitoring program 
should be continued at Bing Bong, particularly for ill draining sites around the dredge spoil 
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area.  The longer the baseline monitoring is continued, the more sensitive the data will be to 
detect changes that are not related to rainfall and other seasonal variations. 
 
 
5.0  CONCLUSIONS 
 
5.1  Mosquito Populations 
 
There were 27 species of mosquitoes detected in baseline monitoring for the general 
Borroloola area (including McArthur River Mine and Bing Bong).  The important domestic 
pest species Cx. quinquefasciatus was present in Borroloola but was not trapped from areas 
directly related to mining operations.  The most important vector of malaria in the N.T. (An. 
farauti) was not detected. 
 
The baseline monitoring site results at MRM indicated that the highest numbers of 
mosquitoes (An. annulipes, An. amictus, Ae. normanensis and Cx. annulirostris) were trapped 
after seasonal rainfall in a flood prone area at the relatively undisturbed site at MRM site 2.  
However the field inspection in September 1995 revealed that productive mosquito breeding 
sites for Cx. annulirostris and An. annulipes had been created in Barney Creek 
(approximately 500 m south of MRM site 1 and 3 km upstream from MRM site 2) by the 
inadequate disposal of excess effluent.  These breeding sites were created as the result of non 
compliance with EIS conditions and were not monitored during baseline monitoring.  It is 
unknown what contribution the input of nutrient rich water into Barney Creek may have had 
to the baseline monitoring results at MRM site 1 and MRM site 2. 
 
The presence of artificial container breeder species at MRM site 2 indicated the potential for 
the introduction of Cx. quinquefasciatus from Borroloola.  The presence of unsealed septic 
tanks at Bing Bong also provided a potential breeding site for Cx. quinquefasciatus.  With 
adequate precautions the introduction of this species to Bing Bong and MRM can be 
prevented. 
 
The contribution of the artificially disturbed sites at Bing Bong around the dredge spoil area 
is unclear due to the large break in baseline monitoring results at Bing Bong during the time 
of year when Ae. vigilax (and possibly An. hilli and Cx. sitiens) numbers were probably 
highest, the potentially large areas of naturally occurring breeding sites and the ability of Ae. 
vigilax to disperse over relatively large distances.  
 
 
 
 
5.1.1  McArthur River and Borroloola 
 
The most abundant species at the MRM sites were An. amictus, An. annulipes, Ae. 
normanensis and Cx. annulirostris.  The most abundant species at Borroloola were Ae. 
normanensis, An. amictus, Cx. quinquefasciatus and Cx. annulirostris. 
 
MRM site 2 was the most productive of all trap sites.  Anopheles amictus had a pronounced 
peak at  in March 1995 (1,127 per trap night).  Peaks for An. annulipes occurred in April of 
both years (305 per trap night and 335 per trap night respectively), with secondary peaks in 
July 1994 and August 1994.  The large peaks in Anopheles species followed widespread 
flooding caused by wet season rainfall.  The smaller peaks of An. annulipes recorded during 
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the dry season may have been created by the formation of isolated pools as the creek lines 
dried out. 
 
Aedes normanensis peaked in at MRM site 1 and MRM site 2 in March 1995 (166 per trap 
night and 244 per trap night, respectively) with a secondary peak in January 1995.  These 
peaks were caused by the flooding of ephemeral creek lines and ground pools by high rainfall 
in January (210 mm) and March 1995 (178 mm).  Conversely the peak at Borroloola occurred 
in January 1995 (93 per trap night) with a secondary peak in March 1995 (64 per trap night). 
 
Culex annulirostris peaked in April 1994 (90 per trap night) at MRM site 2 following 120.6 
mm of rainfall in March 1994.  For the remainder of baseline monitoring it remained at low 
levels.  The high densities of Cx. annulirostris detected during the field inspection indicated 
that baseline monitoring had probably underestimated the importance of this species.  
 
The constant source of Cx. quinquefasciatus at Borroloola was the result of unsealed septic 
tanks in the area. 
 
Anopheles species are potential vectors of malaria.  Aedes normanensis and Cx. annulirostris 
are potential vectors of a number of arbovirus diseases including Australian encephalitis, 
epidemic polyarthritis and Barmah Forest disease. 
 
The greatest numbers of mosquitoes at MRM and Borroloola will be produced on a seasonal 
basis following wet season rainfall in the flooded creeks and McArthur River once the 
artificially created mosquito breeding sites are eliminated.  The control of adult mosquitoes is 
not feasible at these times because of the large areas of natural mosquito breeding sites and 
the physical modification of these creek lines may be environmentally unacceptable, except 
in small localities. 
 
The artificially maintained mosquito breeding site near the workers accommodation at MRM 
has created an unnecessary added risk of disease transmission.  An additional adult mosquito 
monitoring site and weekly larval monitoring and control operations with an appropriate 
larvicide are recommended until excess effluent can be dispersed by an acceptable method.  
 
5.1.2  Bing Bong 
 
The most abundant species at Bing Bong were Ae. vigilax, Cx. sitiens, An. hilli and Cx. 
annulirostris.  The first three species breed in brackish to salt water habitats whereas the 
presence of Cx. annulirostris indicated a fresh water habitat within a few kilometres. 
Aedes vigilax was the most common species at both sites and peaked in March 1995.  The 
highest numbers of Ae. vigilax occurred at Bing Bong site 1 (322 per trap night).  This peak 
was probably due to a combination of high tides in February and heavy rainfall in January (at 
least 140 mm recorded). 
 
The highest number of An. hilli and Cx. sitiens occurred at site B2 in March 1995 (124 per 
trap night and 117 per trap night, respectively).  Breeding sites may be located within the 
general area by a larval survey several days after high tides because of the relatively low 
dispersal capability of both these species. 
 
The greatest numbers of Ae. vigilax, Cx. sitiens and An. hilli at Bing Bong are likely to be 
produced as the result of impounded water in upper tidal mangrove areas after tides over 1.5 
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m ACD or significant rainfall, particularly between November and May.  Any artificial 
impoundment of water in these areas should be rectified by filling or draining.  The presence 
of several poorly drained areas between the bunded area and the barge loading facility may 
elevate the disease risk for Bing Bong personnel, particularly those exposed in the mornings, 
evenings and early night.  
 
Aedes vigilax is a potential vector of epidemic polyarthritis and Barmah Forest disease.  
Culex sitiens can be a pest but is not a vector of disease.  The relative number of mosquitoes 
in the area was closely related to tide and rainfall, with the period of potential pest problems 
occurring from November to April.  There were relatively minor numbers of mosquitoes at 
other periods. 
 
The large natural breeding areas involved and the large distances that Ae. vigilax can disperse 
means that the elimination of adults is not feasible.  The physical modification of tidal areas 
in which Ae. vigilax breed may be environmentally unacceptable, except in small localities 
near the loading facilities.  Larval surveys 3 days after significant rainfall of the ill drained 
areas associated with the dredge spoil area are required to determine whether the relatively 
higher peak at site B1 is due to artificially created breeding sites or dispersal from natural 
breeding sites toward Mule Creek.   
 
5.2  Arbovirus Disease Prevention  
 
5.2.1  Malaria 
 
MRM personnel that have returned from malarious areas overseas and experience a sudden 
onset of fever should be considered as possibly having malaria.  The proximity of 
accommodation to Anopheles breeding sites provides the possibility of a female Anopheles 
that has bitten an infective person surviving long enough (10 days) to be able to infect 
another person, particularly between April and May.  It should be noted that An. annulipes 
was relatively high for much of the dry season (April - October) at MRM site 2.  Only 
workers exposed after sundown at MRM (An. amictus, An. annulipes), Bing Bong (An. hilli) 
and Borroloola (An. amictus) would be at risk as Anopheles species only bite after dusk.  
Suspected malaria patients should be kept indoors in a mosquito proof room after dusk until 
evacuated, or the results of blood tests are available.  
 
 
 
5.2.2  Epidemic Polyarthritis  
 
Three recognised vectors for epidemic polyarthritis (RRV) were recorded during baseline 
monitoring, i.e. Cx. annulirostris, Ae. normanensis and Ae. vigilax.  Blood tests are required 
to confirm suspected cases.  Suspected cases in the first few days after first symptoms should 
be advised to remain in insect screened accommodation after dark and advised to practise 
personal protection from mosquito bites particularly after sundown (Appendix 1). 
 
The period of peak transmission risk at MRM and Borroloola will be from January to April 
when Ae. normanensis is prevalent.  The first seasonal appearance of large numbers of Ae. 
normanensis occurs approximately 7 - 9 days after significant rainfall.  In coastal areas high 
numbers of Ae. vigilax occur from 9 - 10 days following high tides or significant rainfall in 
the late dry season and early wet season and can last 1 - 2 weeks.  Both species of Aedes 

21 
F:\ENTO\ento_files\public_information\branch_reports\mine_sites\mcarthur_river\McArthur River Mine Baseline Study.DOC 



 

readily bite before and after dusk.  Personnel at Bing Bong will be at risk between November 
and April.  
 
5.3  Mosquito Control 
 
There are a number of protective and preventative measures that MRM can take to reduce the 
potential of increasing the mosquito problems in the area.  The most important measure is to 
educate personnel of the potential problems and to take the necessary self protection 
measures when there are high numbers of mosquito vectors of disease (Appendix 1). 
 
Details of physical control measures to eliminate artificial sources of mosquito breeding can 
be found in "Physical control of Mosquitoes" (Appendix 2).  The most effective method of 
mosquito control around the dredge spoil area at Bing Bong is the removal of potential 
breeding areas by filling and constructed drains.  This would remove the need for an ongoing 
monitoring and control program.    
 
The artificially created breeding site in Barney Creek should be removed by dispersing 
effluent as proposed in the EIS or a manner approved by the regional Environmental Health 
Officer. This area should be monitored for mosquito larvae on a weekly basis and larvae 
controlled when detected until the disposal method of effluent is rectified.  The breeding sites 
around the dredge spoil area should be monitored for mosquito larvae 3 days after significant 
rainfall (25 mm in a 24 hour period provides a rough guide).  Larvae should be treated with 
the larvicide B.t.i. (Bacillus thuringiensis var. israelensis).  Directions for B.t.i. use can be 
found in "Directions for the use of B.t.i. liquid formulations for the control of mosquito 
larvae with motorised backpack misting machines" (Appendix 3).   
 
Ephemeral creek lines and the other water retaining features should be checked for larvae 3-4 
days after significant rain and treated with B.t.i. where appropriate. 
 
 
 
 
 
 
 
 
6.  RECOMMENDATIONS 
 
1. The mosquito breeding sites created as a direct result of the discharge of effluent into           
 Barney Creek should be remedied as soon as possible.  Rectification measures must be         
 approved by the regional Environmental Health Officer of THS. 
 
2. A weekly larval monitoring and control program of the sewage effluent affected area            
 should be implemented in the event that the discharge of effluent into Barney Creek is not    
 rectified in the short term.  Mosquito larvae should be controlled with the larvicide 
Bacillus  thuringiensis variety israelensis (B.t.i.). 
 
3. An additional adult mosquito monitoring site should be located at MRM near where             
 effluent was discharged into Barney Creek.  A trap in this position will determine the           
 impact of pest and vector species from this area to personnel at the workers camp. 
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4. An adult mosquito monitoring program should be continued at Bing Bong during                 
 December and January to provide data for the period when trapping was not carried out.       
 This period is when Ae. vigilax activity is likely to be highest. 
 
5. Non draining areas at Bing Bong, particularly those between the bunded dredge spoil area    
 and the frontal dune, should be rectified by filling and the construction of a formalised          
 drain. 
 
6. Non draining areas around the dredge spoil area at Bing Bong should be monitored for        
 larvae of Ae. vigilax and other species three days after significant rainfall (over 10 mm in a   
 24 hr period) and controlled using B.t.i. as required.  Areas that retain tidal water for over   
 three days after tides greater that 1.5 m ACD (in the vicinity of the barge loading facility)     
 and have been shown to be breeding sites for Ae. vigilax should be identified and rectified    
 where appropriate. 
 
7. It is recommended that the mosquito monitoring program, at least at Bing Bong, should be  
 maintained as an aid to assess the progress on rectification measures and mosquito control   
 of disturbed sites, until the disturbed sites are rectified. 
 
8. Septic and rainwater tanks at Bing Bong should be adequately sealed to the satisfaction of   
 the regional Environmental Health Officer to prevent the creation of additional mosquito      
 breeding sites.  
 
9. Personnel should be advised to take personal protection measures from mosquito bites         
 during the peak risk periods for arbovirus transmission.  
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FIGURE 4 McARTHUR RIVER BASELINE MOSQUITO MONITORING APRIL 1994 TO MAY 1995.

F:/Ento/Ento_Files/Public Information/Branch Reports/Mine Sites/McArthur River/Figure 4 * Rainfall for February 1995 indicated at 1/03/95 trapping date.
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FIGURE 5 McARTHUR RIVER BASELINE MOSQUITO MONITORING APRIL 1994 TO MAY 1995.
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FIGURE 6 McARTHUR RIVER BASELINE MOSQUITO MONITORING APRIL 1994 TO MAY 1995.
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FIGURE 7 McARTHUR RIVER BASELINE MOSQUITO MONITORING APRIL 1994 TO MAY 1995.
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FIGURE 8 McARTHUR RIVER BASELINE MOSQUITO MONITORING APRIL 1994 TO MAY 1995.
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TABLE 1. McARTHUR RIVER MINE BASE LINE MOSQUITO MONITORING DATA APRIL 1994 - MAY 1995.
TOTAL NUMBER OF ADULT FEMALE MOSQUITOES CAUGHT USING CO2 BAITED EVS TRAPS.  McARTHUR RIVER MINE SITE 

M1.
MOSQUITO SPECIES DATE TOTALS TOTALS

April May June July July Aug Sep Oct Nov Jan Mar Mar April May %
19 3 3 3 26 31 14 31 30 31 1 31 28 26

Ae. (Cha) elchoensis T 1 1 0.08
Ae. (Fin) britteni R 0 0.00
Ae. (Fin) mallochi A 1 1 0.08
Ae. (Fin) notoscriptus P 0 0.00
Ae. (Fin) pecuniosus 0 0.00
Ae. (Mac) species 121 F 1 1 0.08
Ae. (Mac) species 76 A 3 4 7 0.54
Ae. (Mac) tremulus 1 I 5 5 3 1 1 16 1.24
Ae. (Muc) alternans L 2 2 0.15
Ae. (Neo) lineatopennis U 0 0.00
Ae. (nr Levua) daliensis R 0 0.00
Ae. (Och) normanensis E 2 46 46 166 2 262 20.23
Ae. (Och) pseudonormanensis 1 2 3 0.23
Ae. (Och) species 159 2 2 0.15
Ae. (Och) vigilax 2 2 0.15
Ae. (Ver) reesi 0 0.00

An. (Cel) amictus 10 3 9 11 4 20 4 21 588 59 109 838 64.71
An. (Cel) annulipes 1 1 2 8 17 12 2 6 38 5 2 94 7.26
An. (Cel) hilli 1 1 0.08
An. (Cel) meraukensis 1 1 0.08

Cx. (Cux) annulirostris 2 1 2 5 2 18 11 20 61 4.71
Cx. (Cux) bitaeniorhynchus 0 0.00
Cx. (Cux) quinqefasciatus 0 0.00
Cx. (Cux) sitiens 0 0.00
Cx. (Cux) starckeae 2 2 0.15

Tp. (Pol) punctolateralis 1 1 0.08

TOTALS 14 0 4 10 13 8 23 47 65 78 821 80 132 1295 100.00
TOTALS % 14.00 0.00 4.00 10.00 13.00 8.00 23.00 47.00 65.00 78.00 821.00 80.00 132.00 100.00
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TABLE 2. McARTHUR RIVER MINE BASELINE MOSQUITO MONITORING DATA APRIL 1994 - MAY 1995.
TOTAL NUMBER OF ADULT FEMALE MOSQUITOES CAUGHT USING CO2 BAITED EVS TRAPS.  McARTHUR RIVER MINE SITE 

M2.
MOSQUITO SPECIES DATE TOTALS TOTALS

Apr May June July July Aug Sep Oct Nov Jan Mar Mar April May %
19 3 3 3 26 31 14 31 30 31 1 31 28 26

Ae. (Cha) elchoensis 0 0.00
Ae. (Fin) britteni 4 1 5 0.15
Ae. (Fin) mallochi 1 23 1 1 26 0.77
Ae. (Fin) notoscriptus 2 1 3 0.09
Ae. (Fin) pecuniosus 1 4 5 0.15
Ae. (Mac) species 121 4 19 1 13 37 1.10
Ae. (Mac) species 76 1 3 1 5 0.15
Ae. (Mac) tremulus 8 2 3 4 17 0.51
Ae. (Muc) alternans 2 2 0.06
Ae. (Neo) lineatopennis 1 1 0.03
Ae. (nr Levua) daliensis 0 0.00
Ae. (Och) normanensis 2 125 8 244 379 11.29
Ae. (Och) pseudonormanensis 3 3 0.09
Ae. (Och) sp 159 0 0.00
Ae. (Och) vigilax 1 20 21 0.63
Ae. (Ver) reesi 0 0.00

An. (Cel) amictus 26 9 9 9 2 2 2 1127 93 4 1283 38.21
An. (Cel) annulipes 305 108 9 46 3 110 69 5 25 20 14 222 335 3 1274 37.94
An. (Cel) hilli 0 0.00
An. (Cel) meraukensis 9 9 0.27

Cx. (Cui) pullus 1 1 0.03
Cx. (Cux) annulirostris 90 61 21 2 1 2 64 12 8 9 10 7 287 8.55
Cx. (Cux) bitaeniorhynchus 0 0.00
Cx. (Cux) quinqefasciatus 0 0.00
Cx. (Cux) sitiens 0 0.00
Cx. (Cux) starckeae 0 0.00

Tp. (Pol) punctolateralis 0 0.00

TOTALS 433 178 30 57 13 110 72 5 102 228 36 1634 446 14 3358 100.00
TOTALS % 12.89 5.30 0.89 1.70 0.39 3.28 2.14 0.15 3.04 6.79 1.07 48.66 13.28 0.42 100.00
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TABLE 3. McARTHUR RIVER BASELINE MOSQUITO MONITORING DATA APRIL 1994 - MAY 1995.
TOTAL NUMBER OF ADULT FEMALE MOSQUITOES CAUGHT USING CO2 BAITED EVS TRAPS.  BING BONG SITE B1.

MOSQUITO SPECIES DATE TOTALS TOTALS
April May June July July Aug Sep Oct Nov Jan Mar Mar April May %

19 3 3 3 26 31 14 31 30 31 1 31 28 26

Ae. (Cha) elchoensis N N N 0 0.00
Ae. (Fin) britteni I I O 0 0.00
Ae. (Fin) mallochi L L 0 0.00
Ae. (Fin) notoscriptus A 0 0.00
Ae. (Fin) pecuniosus M M C 0 0.00
Ae. (Mac) species 121 O O C 0 0.00
Ae. (Mac) species 76 S S E 0 0.00
Ae. (Mac) tremulus 1 Q Q S 1 0.10
Ae. (Muc) alternans U U S 2 2 4 0.39
Ae. (Neo) lineatopennis I I 0 0.00
Ae. (nr Levua) daliensis 2 T T T 8 2 1 10 23 2.24
Ae. (Och) normanensis O O O 3 3 0.29
Ae. (Och) pseudonormanensis E E 0 0.00
Ae. (Och) sp 159 S S S 0 0.00
Ae. (Och) vigilax 3 1 4 6 2 18 I 322 38 12 406 39.49
Ae. (Ver) reesi T 0 0.00

An. (Cel) amictus E 7 7 2 1 17 1.65
An. (Cel) annulipes 2 9 5 2 18 1.75
An. (Cel) hilli 27 9 1 1 63 17 28 4 150 14.59
An. (Cel) meraukensis 0 0.00

Cx. (Cux) annulirostris 120 2 25 11 12 2 172 16.73
Cx. (Cux) bitaeniorhynchus 0 0.00
Cx. (Cux) quinqefasciatus 0 0.00
Cx. (Cux) sitiens 7 70 14 34 6 21 18 26 38 234 22.76
Cx. (Cux) starckeae 0 0.00

Tp. (Pol) punctolateralis 0 0.00

TOTALS 125 10 71 45 49 9 0 0 19 451 104 88 57 1028 100.00
TOTALS % 12.16 0.97 6.91 4.38 4.77 0.88 0.00 0.00 1.85 43.87 10.12 8.56 5.54 100.00
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TABLE 4. McARTHUR RIVER MINE BASELINE MOSQUITO MONITORING DATA  APRIL 1994 - MAY 1995.
TOTAL NUMBER OF ADULT FEMALE MOSQUITOES CAUGHT USING CO2 BAITED EVS TRAPS BING BONG SITE B2.

MOSQUITO SPECIES DATE TOTALS TOTALS
April May June July July Aug Sep Oct Nov Jan Mar Mar April May %

19 3 3 3 26 31 14 31 30 31 1 31 28 26

Ae. (Cha) elchoensis N 0 0.00
Ae. (Fin) britteni O 0 0.00
Ae. (Fin) mallochi 0 0.00
Ae. (Fin) notoscriptus A 0 0.00
Ae. (Fin) pecuniosus C 0 0.00
Ae. (Mac) species 121 C 0 0.00
Ae. (Mac) species 76 E 0 0.00
Ae. (Mac) tremulus S 4 2 6 0.47
Ae. (Muc) alternans S 2 3 5 0.39
Ae. (Neo) lineatopennis 0 0.00
Ae. (nr Levua) daliensis 1 1 1 1 2 T 17 11 25 59 4.61
Ae. (Och) normanensis 1 O 25 15 41 3.21
Ae. (Och) pseudonormanensis 0 0.00
Ae. (Och) sp 159 S 0 0.00
Ae. (Och) vigilax 10 1 3 3 4 28 I 188 93 8 2 340 26.58
Ae. (Ver) reesi T 0 0.00

An. (Cel) amictus E 9 16 10 35 2.74
An. (Cel) annulipes 3 29 46 14 92 7.19
An. (Cel) hilli 3 3 3 1 83 124 42 259 20.25
An. (Cel) meraukensis 1 1 0.08

Cx. (Cux) annulirostris 27 2 1 54 21 25 130 10.16
Cx. (Cux) bitaeniorhynchus 8 6 14 1.09
Cx. (Cux) quinqefasciatus 0 0.00
Cx. (Cux) sitiens 3 9 19 28 22 21 1 18 117 55 1 294 22.99
Cx. (Cux) starckeae 3 3 0.23

Tp. (Pol) punctolateralis 0 0.00

TOTALS 38 6 10 23 33 28 28 6 31 429 459 185 3 1279 100.00
TOTALS % 2.97 0.47 0.78 1.80 2.58 2.19 2.19 0.47 2.42 33.54 35.89 14.46 0.23 100.00
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TABLE 5. McARTHUR RIVER BASELINE MOSQUITO MONITORING DATA.  APRIL 1994 - MAY 1995. 
TOTAL NUMBER OF ADULT FEMALE MOSQUITOES CAUGHT USING CO2 BAITED EVS TRAPS.  BORROLOOLA POLICE 

STATION SITE L1.
MOSQUITO SPECIES DATE TOTAL

April May June July July Aug Sep Oct Nov Jan Mar Mar April May
19 3 3 3 26 31 14 31 30 31 1 31 28 26

Ae. (Cha) elchoensis 1 1
Ae. (Fin) britteni N T 1 1
Ae. (Fin) mallochi I R 0
Ae. (Fin) notoscriptus L A 0
Ae. (Fin) pecuniosus P 0
Ae. (Mac) species 121 M 1 1
Ae. (Mac) species 76 O F 0
Ae. (Mac) tremulus S 3 1 A 4 3 1 12
Ae. (Muc) alternans Q I 0
Ae. (Neo) lineatopennis U L 0
Ae. (nr Levua) daliensis I U 0
Ae. (Och) normanensis T R 1 93 32 64 2 192
Ae. (Och) pseudonormanensis O E 3 3
Ae. (Och) species 159 E 0
Ae. (Och) vigilax S 17 17
Ae. (Ver) reesi 0

An. (Cel) amictus 10 10 1 2 55 23 17 118
An. (Cel) annulipes 3 1 1 2 5 4 5 1 22
An. (Cel) hilli 1 1
An. (Cel) meraukensis 0

Cx. (Cux) annulirostris 24 6 3 5 15 15 2 25 12 107
Cx. (Cux) bitaeniorhynchus 1 1
Cx. (Cux) quinqefasciatus 14 8 11 10 10 11 14 4 1 14 11 10 118
Cx. (Cux) sitiens 0
Cx. (Cux) starckeae 0

Tp. (Pol) punctolateralis 0

TOTALS 51 25 11 16 12 15 23 135 58 142 64 42 594
TOTALS % 8.59 0 4.21 1.85 2.69 2.02 2.53 3.87 22.73 9.76 23.91 10.77 7.07 100.0
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TABLE  6. McARTHUR RIVER MINE BASELINE MOSQUITO MONITORING DATA APRIL 1994 - MAY 1995.
TOTAL NUMBER OF ADULT FEMALE MOSQUITOES CAUGHT USING CO2 BAITED EVS TRAPS FROM ALL SITES.

MOSQUITO SPECIES SITE TOTALS TO
Bing Bong site 1 Bing Bong site 2 McArthur River Mine site McArthur River Mine site Borroloola Police Stn 

Ae. (Cha) elchoensis 0 0 1 0 1 2 0
Ae. (Fin) britteni 0 0 0 5 1 6 0
Ae. (Fin) mallochi 0 0 1 26 0 27 0
Ae. (Fin) notoscriptus 0 0 0 3 0 3 0
Ae. (Fin) pecuniosus 0 0 0 5 0 5 0
Ae. (Mac) species 121 0 0 1 37 1 39 0
Ae. (Mac) species 76 0 0 7 5 0 12 0
Ae. (Mac) tremulus 1 6 16 17 12 52 0
Ae. (Muc) alternans 4 5 2 2 0 13 0
Ae. (Neo) lineatopennis 0 0 0 1 0 1 0
Ae. (nr Levua) daliensis 23 59 0 0 0 82 1
Ae. (Och) normanensis 3 41 262 379 192 877 1
Ae. (Och) pseudonormanensis 0 0 3 3 3 9 0
Ae. (Och) species 159 0 0 2 0 0 2 0
Ae. (Och) vigilax 406 340 2 21 17 786 1
Ae. (Ver) reesi 0 0 0 0 0 0 0

An. (Cel) amictus 17 35 838 1283 118 2291 3
An. (Cel) annulipes 18 92 94 1274 22 1500 1
An. (Cel) hilli 150 259 1 0 1 411 5
An. (Cel) meraukensis 0 1 1 9 0 11 0

Cx. (Cui) pullus 0 0 0 1 0 1
Cx. (Cux) annulirostris 172 130 61 287 107 757 1
Cx. (Cux) bitaeniorhynchus 0 14 0 0 1 15 0
Cx. (Cux) quinqefasciatus 0 0 0 0 118 118 1
Cx. (Cux) sitiens 234 294 0 0 0 528 6
Cx. (Cux) starckeae 0 3 2 0 0 5 0

Tp. (Pol) punctolateralis 0 0 1 0 0 1 0

TOTALS 1028 1279 1295 3358 594 7554 10
TOTALS % 13.61 16.93 17.14 44.45 7.86 100.00
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TABLE 7.  Results of larval sampling at McArthur River Mine.  19 September 1995.

Site Site description Larvae/dip Instars Identification Specific conductivity *

1 Barney Creek - upstream of  channel from effluent outfall 2 2nd - 4th An. annulipes 4.0

from sewage treatment plant at workers camp, amongst algal sc 20 2nd - pupae Cx. annulirostris

2 Barney Creek - downstream of  channel from effluent outfall 2 2nd - 4th An. annulipes 3.7

 from sewage treatment plant at workers camp, from grass on 20 2nd - pupae Cx. annulirostris  -

margin of green pool.

3 McArthur River - 50 m south of junction with Barney/Surprise 20 2nd - 4th An. annulipes 0.6

Larvae amongst algal mat in an isolated  pool.

4 Borroloola police station - unsealed septic tank. 20 2nd - 4th Cx. quinquefasciatu  
  

* Specific conductivity of distilled water = 0.01 mS/cm
   Specific conductivity of sea water         = 40-50 mS/cm 
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1.0 MOSQUITO & BITING MIDGE BITES 
 
Mosquitoes and biting midges (genus Culicoides and sometimes erroneously called sand 
flies) can reach sufficient numbers in various localities to be considered serious pests.  The 
bites themselves can be painful and extremely annoying, and people suffer varying degrees of 
reaction to bites (Lee 1975).  However the possibility of the spread of various diseases by 
their blood sucking habits to either humans or animals is a more serious outcome.  
Mosquitoes can carry viruses such as Murray Valley encephalitis, Kunjin, Ross River, and 
Barmah Forest virus, which cause human disease (Russell 1995).  Biting midges do not carry 
any pathogens in Australia that cause human disease. 
 
Female mosquitoes or biting midges bite to take blood from their hosts, which is necessary 
for the development of eggs. 
 
Mosquitoes and biting midges show considerable variation in their preference for hosts.  
Some species feed selectively on cattle, horses, marsupials, amphibians, birds or humans, 
while other species are relatively indiscriminate feeders. 
 
The time of feeding varies for different species.  Many mosquitoes feed just after sunset 
while others are more active at other times including late in the night, in the late afternoon, or 
in the early morning.  Biting midges are most active in the evening and early morning. 
 
The place of feeding by mosquitoes or biting midges is varied.  Some species, such as the 
brown house mosquito, readily entering houses to feed on people, while others will only bite 
people outdoors. 
 
When a mosquito or biting midge bites, fine stylets sheathed in the proboscis are inserted into 
the skin.  Blood is sucked up through one of the channels in the stylets, while saliva is 
injected down an adjacent channel.  This saliva contains substances that the human body 
recognises as foreign and often stimulates a bite reaction.  Sometimes the saliva can contain 
viruses or other pathogens that can cause disease. 
 
Some people can become very sensitive after being bitten and suffer a general reaction from 
further bites.  The bites may itch for days, producing restlessness, loss of sleep and nervous 
irritation.  Scratched bites can lead to secondary infections and result in ugly scars.  On the 
other hand, some people become tolerant to particular species and suffer little after-effects 
from repeated bites. 
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Biting insects create problems in the enjoyment of outdoor activities, causing a reluctance to 
enter certain areas after sundown or forcing people to be confined to insect-proof areas at 
certain times of the year.  Personal protection and avoidance measures can offer considerable 
protection from bites, as well as offering protection against mosquito-borne disease. 
 
 
2.0 MOSQUITO & BITING MIDGE AVOIDANCE 
 
A sensible precaution to prevent biting insect attack is to avoid areas that are known to have 
high biting insect activity.   
 
The upper high tide areas near creeks or low-lying areas, particularly near salt marsh habitats, 
can be significant sources of salt marsh mosquitoes (particularly Ochlerotatus vigilax and 
various other pest mosquitoes (Russell 1995).  The period of high salt marsh mosquito 
activity is usually during the late dry season and early wet season in tropical latitudes.  
Generally they are prevalent for one to two weeks after the highest tides of the month or 
significant rain.  Dense vegetation near the breeding sites should be avoided during the day 
over this period.  Pest problems during the evening and night can occur within 3 km of 
productive breeding sites (Whelan, Merianos et al., 1997). 
 
Other areas of high mosquito activity are the large seasonally flooded areas associated with 
rivers or drainage lines, flooded coastal swamps, extensive reed swamps and lagoons, ill 
defined or poorly draining creeks, extensive irrigation areas, and wastewater disposal 
facilities.  Densely shaded areas near these habitats should be avoided during the day, and 
accommodation areas should be at least 3 km from extensive areas of these habitats. 
 
Extensive areas of mangroves or estuarine areas with sandy beaches are potential sources of 
biting midges.  These midges have seasonal and monthly population peaks with the monthly 
peaks usually associated with the tidal regime.  When camping or choosing a permanent 
living site, a separation distance of at least 2 km from these areas is recommended unless 
specific biting insect investigations indicate there are no seasonal pest problems (Whelan 
1990, Whelan, Hayes et al., 1997). 
 
If camping or selecting house sites near creeks, rivers or lagoons, choose localities of the 
water body which have steep margins or little marginal emergent vegetation, have swiftly 
running water with little marginal pooling or vegetation, or do not arise from or empty into a 
nearby swamp area.  Exposed beaches or cliffs away from mangrove or estuary areas are 
preferred sites to avoid both mosquitoes and biting midges.  In more inland areas, locations 
on hills or rises at least 3 km from ill defined drainage lines, poorly flowing creeks and 
seasonally flooded areas should avoid the worst mosquito problems. 
 
In residential areas, a local source of mosquitoes may be the cause of the problem.  Check 
nearby potential artificial sources of mosquitoes such as disused swimming pools, receptacles 
such as tyres and drums, blocked roof gutters, old fishponds, or localised ponding of drains.  
Sites with mosquitoes breeding can be rectified by physically removing the source or through 
the use of insecticides. 
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3.0 SCREENING 
 
The best method of avoiding attack at night is to stay inside insect-screened houses.  Screens 
can be made of galvanised iron, copper, bronze, aluminium or plastic.  Near the coast, iron or 
copper screens are not recommended because of the corrosive action of salt sprays.  Homes 
near biting midge breeding sites require either fine mesh screens or lightproof curtains.   
 
Screens should be of the correct mesh, fit tightly and be in good repair.  Biting insects 
frequently follow people into buildings and for this reason, screen doors should open outward 
and have automatic closing devices.  Insecticides such as permethrin or deltamethrin sprayed 
on or around screens may give added protection against mosquitoes or biting midges, but care 
is needed as some insecticides affect screens.   
 
It is advisable to use an insect proof tent when camping near potential biting insect areas.  
Coastal areas subject to attack by biting midges require tents to be fitted with a finer mesh 
screening. 
 
 
4.0 MOSQUITO NETS 
 
Mosquito nets are useful in temporary camps or in unscreened houses near biting insect 
breeding areas.  Generally standard mosquito nets are not sufficient to prevent biting midge 
attack.  White netting is best as mosquitoes accidentally admitted into the net are easily seen 
and killed.  The net is suspended over the bed and tucked under the mattress.  An aerosol 
pyrethrin spray can be used to kill mosquitoes that enter the net.  Care is needed not to leave 
exposed parts of the body in contact with the net, as mosquitoes will bite through the net.  
Nets can be made more effective by impregnation with permethrin (Lines et al. 1985). 
 
 
5.0 INSECT PROOF CLOTHING 
 
Head nets, gloves and boots can protect parts of the body, which are not covered by other 
clothing.  Head nets with 1-1.5 meshes to the centimetre are recommended for good visibility 
and comfort, and additional treatment of the net with a repellent will discourage insect attack.  
Thick clothing or tightly woven material offers protection against bites.  Light coloured, long 
sleeved shirts and full-length trousers are recommended.  For particular risk areas or 
occupations, protective clothing can be impregnated with permethrin or other synthetic 
pyrethroid insecticides such as bifenthrin to give added protection (Burgess et al. 1988).  
Sleeves and collars should be kept buttoned and trousers tucked in socks during biting insect 
risk periods.  Protection is very necessary near areas of salt marsh, mangroves, or large fresh 
water swamps where the various species of mosquitoes may be very abundant during the day 
in shaded situations, as well as at night. 
 
 
6.0 REPELLENTS 
 
Relief from biting insect attack may be obtained by applying repellents to the skin and 
clothing (Schreck et al. 1984).  Many repellents affect plastics and care is needed when 
applying them near mucous membranes such as the eyes and lips.   
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Repellents with the chemical diethyl toluamide (DEET) or picaridin give the best protection.  
Some specific repellent products, such as Aerogard, which are formulated to repel flies, are 
generally not efficient against mosquitoes or biting midges.  Brands such as Rid, Tropical 
Strength Aerogard, Bushman’s, Muskol, or Repel include specific products that are effective.  
Those products with higher amounts of DEET or picaridin are usually the most efficient.   
 
Application of repellents over large areas of the body or on extensive areas of children is not 
recommended particularly those repellents with high concentrations of DEET.  Protection 
from mosquito penetration through open weave clothes can be obtained by applying a light 
application of aerosol repellent to the exterior of clothing.  Repellents should be 
supplementary to protective clothing and should not be regarded as substitutes. 
 
Personal repellents are available as sprays, creams or gels.  The creams or gels usually last 
longer than the aerosol formulations.  Repellents can prevent bites from 2 to 4 hours, 
depending on the repellents, the species of biting insect, or the physical activity of the wearer. 
 
Electronic insect repellers that emit ultrasonic or audible sounds do not offer any protection 
against mosquitoes or biting midges.  They are based on a false premise and have been found 
to have no repellent effect under scientific testing (Curtis 1986).  Electronic ultrasonic 
repellers do not repel mosquitoes or biting midges and should not be relied upon for personal 
protection (Mitchell 1992). 
 
Plants with reported insecticidal properties such as neem trees and the citrosa plant have not 
been shown to act as mosquito repellents just by growing in the vicinity of people (Mitchell 
1992, Matsuda et al. 1996).  Growing or positioning these plants near evening activity areas 
will not prevent mosquito attack. However some plants have some repellency effects as 
smoke or liniments (see section 12, emergency biting insect protection) 
 
 
7.0 ANIMAL DIVERSION 
 
Camping upwind near congregations of stock or domestic animals will serve to divert 
mosquitoes or biting midges to alternative hosts.  Similar considerations can be made when 
planning residential sites and animal holding areas in a rural situation. Dogs of darker colour 
tend to attract some species of mosquitoes more than lighter colours and can divert some pest 
problems from people in close vicinity in outdoor situations in the evening.  
 
 
8.0 LIGHTING DIVERSION 
 
Many mosquito and biting midge species are attracted to light.  This can cause pest problems 
in unscreened houses or when camping.  The use of yellow or red incandescent bulbs or 
fluorescent tubes rather than white light will reduce the attractiveness of lights to insects.  An 
incandescent or ultra violet light placed at a distance from a house or camp can serve to 
attract insects to an alternative area.  This is more effective if the light is close to the breeding 
site, or between the breeding site and the accommodation area.  The attractive lights should 
not be close to accommodation or directly down wind of accommodation areas.  Light proof 
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curtains or similar screening can be very effective in reducing the attraction of biting insects 
to areas that are illuminated at night. 
 
 
9.0 ADULT INSECT CONTROL 
 
If mosquitoes or biting midges have entered a screened area they can be knocked down with 
pyrethrin aerosols.  Care should be taken by reading the label to ensure only knockdown 
aerosols suitable for spraying in the air are used in proximity to people or food. 
 
Other devices that can be effective at killing and/or repelling biting insects include mosquito 
coils (Charlwood & Jolley 1984) and electric insecticide pads.  These devices are only 
effective in relatively closed areas such as inside buildings or where there are only slight 
breezes.  They should be backed up with other measures such as suitable protective clothing 
or repellents 
 
Large scale adult biting insect control can be achieved for short terms (hours) by using 
portable or industrial fog generators, backpack misters, or heavy duty ultra-low-volume 
aerosol generators to knock down active adult insects.  The insecticides of choice in these 
machines are Maldison or Bioresmethrin.  Control relies on good access, open vegetation, 
and light breezes in the direction of the breeding or harbouring sites.  Application should only 
be during the peak biting insect activity period of those insects actually causing the problem, 
which is usually the late evening and early night.   
 
There are some synthetic pyrethroid aerosol products available as outdoor yard or patio 
repellents.  Control will only be temporary (hours) and re-invasion will usually occur within 
hours or from one to a few days, depending on the species, nearby vegetation, proximity to 
breeding sites, environmental conditions and times of activity of the pest species. 
 
Application of residual insecticides such as maldison, permethrin or other synthetic 
pyrethroids sprayed as a mist spray to point of run off on building surfaces or nearby 
vegetation can sometimes give short term (a few days) relief. This method is useful as a 
barrier protection when large numbers of mosquitoes or biting midges are present near 
accommodation or outdoor use areas (Helson & Surgeoner 1985). There are some longer 
term residual synthetic pyrethroids such as bifenthrin that can be used as barrier sprays and 
provide a number of weeks protection (Standfast et al 2003). These residual insecticides can 
be applied according to label recommendations with the aid of a garden sprayer. Care must 
be taken with all synthetic pyrethroids around fishponds, fish tanks and other nearby fish 
habitats to avoid spray drift or run off, as these insecticides are efficient fish poisons. 
 
 
10.0 INSECTOCUTORS AND INSECT TRAPS 
 
Electric insect insectocutors and other trap or killing devices utilising an attracting light or 
carbon dioxide have been claimed to clear areas of biting insects and thus protect people.  
These claims have not been substantiated in outdoor situations with people nearby.  While 
trap devices can attract biting insects, as well as a range of other insects, these devices can 
not be relied on for protection from biting insect attack (Mitchell 1992).  When used in 
outdoor situations it is possible that they can increase local problems by attracting insects to 

F:\ENTO\ento_files\public_information\general_information\personal protection\Pers Protect Mos & Bmidge.doc 
  

6



the vicinity of people.  Attractive odours and carbon dioxide emitted by humans then divert 
the insects from the trap device to the people. 
 
 
11.0 TREATMENT OF BITES  
 
Relief from bites and prevention of secondary infection can be obtained by the application of 
various products, either to the skin or internally. The effectiveness of various products is 
variable, depending on individual reaction. Skin application products include proprietary 
products such as Eurax, Stingose, Medicreme, Katers lotion, Dermocaine and Paraderm 
creme, and non-proprietary products such as tea tree oil, eucalyptus oil, aloe vera gel, ice, or 
methylated spirits.  
 
Ice packs to the general bite site will give usually give immediate relief for painful and itchy 
bites and swelling or blisters from of mosquitoes and biting midges in particular. The sooner 
the ice pack is applied after bites or reactions, the better the relief, and can often avoid more 
intense reactions.  
 
Other products for internal application for more general symptoms include antihistamine 
products such as Phenergan, Telfast and Vallergan. Check with your doctor or pharmacist for 
any products for the latest product and safety information. 
 
 
12.0 EMERGENCY BITING INSECT PROTECTION 
 
There are a number of emergency measures that can be taken when exposed to biting insects 
with no protection. Sheltering downwind next to smoky fires can offer considerable 
protection.  Burning dung or aromatic and oil producing foliage from plants such as Hyptis 
(horehound), Vitex (black plum), Calytrix (Turkey bush), Melaleuca species (Paper bark) and 
Eucalyptus species (gum trees) can make the smoke more effective. A small native plant 
Pterocaulon serrulatum (warnulpu) has sticky strongly aromatic leaves, and branches are 
burnt or the moist leaves are rubbed on the skin by Aborigines in the Katherine district to 
repel mosquitoes (Aborigines of the NT 1988). Climbing relatively high trees or choosing 
locations exposed to the wind can also offer protection from some species.   
 
Some protection can be obtained by rubbing exposed skin areas with the leaves of certain 
plants such as eucalypts, turkey bush, warnulpa, paperbarks or tea-trees that contain volatile  
oils. However these are not as efficient as proprietary repellents containing deet or picaridin. 
Other emergency protection measures include coating the skin with mud, or burying yourself 
in shallow sand with some form of head protection.  If all else fails, keep running.  The best 
form of protection, and the most comfortable, require an awareness of the potential problems 
and adequate preparation. 
 
 
REFERENCES 
 
Aborigines of the Northern Territory of Australia (1988) Traditional Bush Medicines, An Aboriginal 

Pharmacopoeia, Greenhouse Publications pp 184-185. 
 

F:\ENTO\ento_files\public_information\general_information\personal protection\Pers Protect Mos & Bmidge.doc 
  

7



Burgess, N., Carter, S., Dodd, G., & Shirley, C. (1988), ‘Permethrin fabric treatment for the 
 protection of personnel from biting insect and other arthropod attack’, International Pest 
Control, vol. 30, no. 6. 

 
Charlwood, J. D., & Jolley, D., (1984), ‘The coil works (against mosquitoes in Papua New Guinea), 

Trans Roy Soc Trop Med Hyg, vol. 78. 
 
Curtis, C. F. (1986), ‘Fact and fiction in mosquito attraction and repulsion’, Parasitology  Today, vol. 

2, no. 11. 
 
Helson, B. & Surgeoner, G. (1983), ‘Permethrin as a residual lawn spray for adult mosquito 

 control’, Mosquito News, vol. 43, no. 2. 
 
Lee, D. J. (1975), ‘Arthropod bites and stings and other injurious effects’, School of Public Health & 

Tropical Medicine, University of Sydney. 
 
Lines, J. D., Curtis, C. F., Myamba, J., Njau, R. (1985), ‘Tests of repellent or insecticide  impregnated 

curtains, bednets and anklets against malaria vectors in Tanzania’, WHO  VBC/85.920.  
 
Matsuda, B. M., Surgeoner, G. A., Heal, J. D., Tucker, A. O., Maciarello, M. J. (1996),  ‘Essential 

oil analysis and field evaluation of the citrosa plant Pelargonium citrosum as a repellent 
against populations of Aedes mosquitoes’, Journal of the American Mosquito Control 
Association, vol. 12, no. 1, pp. 69-74. 

 
Mitchell, L. (1992), ‘Mythical mosquito control’, Wing Beats, vol. 3, no. 2, Florida Mosquito Control 

Association. 
 
Russell, R. C. (1995), ‘Arboviruses and their vectors in Australia: an update on the ecology and 

epidemiology of mosquito borne viruses’, Review of Medical Veterinary Entomology, vol. 83, 
no. 4. 

 
Schreck, C. E., Haile, D. G., Kline, D. L. (1984), ‘The effectiveness of permethrin and deet alone or 

in combination for protection against Aedes taeniorhynchus ‘, Am J Trop Med Hyg, vol. 33,  
no. 4. 
 

Standfast H., Fanning I. Maloney L., Purdie D. and Brown M. “Field evaluation of Bistar 80SC as an 
effective insecticide treatment for biting midges (Culicoides) and mosquitoes infesting peri-
domestic situations in an urban environment” Bulletin Mos Cont Assoc Aust Vol 15 ;2 2003. 

 
Whelan, P. I. (1990), ‘Biting midge investigations near Darwin and their implications for urban 

 planning’, Proceedings of the National Conference on Biting Midge, Surfers Paradise, 
 February 1990. 

 
Whelan, P. I., Hayes, G., Montgomery, B. L.(1997), ‘Biting midge surveillance in Darwin harbour, 

Culicoides ornatus (Diptera: Ceratopogonidae) abundance and dispersal’, Proceedings of the 
Seventh Symposium “Arbovirus Research in Australia, Second”  Conference Mosquito 
Control Association of Australia, Surfers Paradise. 

 
 
Whelan, P. I., Merianos, A., Hayes, G., & Krause, V.(1997) , ‘Ross River virus transmission in 

Darwin, Northern Territory, Australia’, Proceedings of the Seventh Symposium “Arbovirus 
Research in Australia”, Second Conference Mosquito Control Association of Australia, 
Surfers Paradise. 

F:\ENTO\ento_files\public_information\general_information\personal protection\Pers Protect Mos & Bmidge.doc 
  

8



APPENDIX 2 

 
 
 
 
 
 

THE PHYSICAL CONTROL OF 
MOSQUITOES 

 
 

Peter I. Whelan 
Senior Medical Entomologist 
Medical Entomology Branch 

Department of Health and Community Services 
 
 
 

COVER OF REPORT ONLY 

For more information contact: 
 
Department of Health and Community Services 
Medical Entomology Branch 
PO Box 40596 
Casuarina NT 0811 
 
Telephone: 08 8922 8901 
Fax:  08 8922 8820 
Email:  peter.whelan@nt.gov.au 



APPENDIX 3 

 
 
 
 
 
 

DIRECTIONS FOR THE USE OF B.T.I 
(Bacillus thuringiensis var. israelensis)  

LIQUID FORMULATIONS FOR THE 
CONTROL OF MOSQUITO LARVAE WITH 

MOTORISED BACKPACK MISTING 
MACHINES 

 
 
 
 

COVER OF REPORT ONLY 

For more information contact: 
 
Department of Health and Community Services 
Medical Entomology Branch 
PO Box 40596 
Casuarina NT 0811 
 
Telephone: 08 8922 8901 
Fax:  08 8922 8820 
Email:  peter.whelan@nt.gov.au 


	Appendix 1.pdf
	April 2004*
	PERSONAL PROTECTION


	Pers Protect Mos & Bmidge.pdf
	April 2004*
	PERSONAL PROTECTION


	Appendix 2.pdf
	Peter I. Whelan
	COVER OF REPORT ONLY


	Appendix 3.pdf
	COVER OF REPORT ONLY




