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EXECUTIVE SUMMARY


A Mosquito Risk Assessment (MRA) was commissioned by Byron Bay West
Landowners Association for the West Byron site, Byron Bay. Actual and potential
mosquito habitats were surveyed and onsite adult and larval mosquito
populations were sampled during February and March 2010.



The mosquito sampling and historical records identified over 30 mosquito species
associated with the study site and surrounding areas. The most abundant
mosquitoes were those associated with the Melaleuca forest habitats that include
a suite of species such as Aedes aculatus, Aedes multiplex, Aedes procax and
Verrallina funerea. These species have been identified as nuisance-biting pests
and potential vectors of Ross River virus (RRV) and Barmah Forest virus (BFV).



In comparison to the mosquito fauna of Ballina and Tweed Shires, Byron Shire
shares many species but the most notable difference is the relative low
abundance of the saltmarsh mosquito Aedes vigilax. The lower relative
abundance of this species present in local area subsequently reduces the overall
nuisance-biting impacts across the region but also within the West Byron site.
There are, however, other species that may cause pest impacts.



The flooded pools in the Melaleuca forest provide habitat for a range of pest
species and the dense forest provides refuge for adult mosquitoes. Flooded
depressions in the pasture provided habitats for a suite of Culex spp. although
the current pest risks associated with these species is considered low.



A single isolate of both Ross River virus and Stratford virus was detected from
mosquitoes collected onsite. However, the risk of mosquito-borne disease is not
considered higher in the West Byron site compared to the greater Far North
Coast region.



The results of this MRA, in conjunction with the consideration of the West Byron
urban design and zoning plans, indicate that the risk of onsite nuisance-biting
impacts are not significantly greater than other residential areas of the Byron
Shire or Far North Coast region of NSW.



As with all urban developments located close to natural wetlands, it should be
expected that mosquitoes will be active during the warmer months and the
appropriate precautions should be taken to minimize pest impacts.
Recommendations for the mitigation of nuisance biting and disease transmission
risks in future residential developments through the design of urban development
and constructed wetlands are included in this report.
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INTRODUCTION
Mosquito risk assessments (MRA) are designed to provide information on actual
and/or potential mosquito populations, identify significant larval habitats and provide
comments on their significance. Based on this information, and considering the
nature of local mosquito habitats, the assessment should provide comments and
recommendations for mosquito management strategies ∗ . In situations where new
residential and/or recreational developments are proposed, the MRA should provide
information on the likely nuisance biting and public health risks posed to current and
future residential communities as well as visitors.
The far north coast of the NSW has experienced considerable population growth in
recent times and the increasing demand for new housing developments to
accommodate an expanding population has increased the potential exposure of the
community to mosquito risks as urban areas encroach on natural wetlands. There
are a number of mosquito species that represent serious nuisance biting pests and
potential public health risks through the transmission of arboviruses such as Ross
River virus (RRV) and Barmah Forest virus (BFV). While not life threatening, the
human disease caused by these pathogens can have a significant impact on the
community and have, potentially, an adverse impact on tourism, property prices and
public amenity of recreational facilities.
Local authorities in the far north coast of NSW have identified the importance of
mosquitoes and their potential impact on their growing residential population and
visiting tourists. The future risks faced by the region are varied and difficult to predict.
Changes in seasonal rainfall, temperature and sea-level rise associated with
predicted climate change may all influence the abundance of mosquitoes and activity
of mosquito-borne disease. The threat of introduced (or reintroduction) of
mosquitoes capable of transmitting diseases such as dengue will be influenced as
much by human activity and urbanization as changes to climate while environmental
conservation strategies and legislation may also play an influential role in the
implementation of effective mosquito management strategies.
Byron Bay West Landowners Association commissioned this MRA for the West
Byron area as identified in the Far North Coast Regional Strategy as a potential
State Significant Site (SSS).

∗

This Mosquito Risk Assessment has been prepared in accordance with the brief provided by Byron Bay West Landowners
Association and is for the use only by this client. The Department of Medical Entomology, Westmead Hospital, accepts no
responsibility for its use by other parties. The use of brand names and any mention or listing of commercial products or services
in this article does not imply endorsement by the Department of Medical Entomology, or discrimination against similar products
or services not mentioned.
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MOSQUITO BIOLOGY
Mosquitoes are small blood sucking insects that belong to the family of flies called
Culicidae (Order Diptera) and there are more than 300 different species in Australia
with each species closely associated with particular habitats.
Mosquitoes have a relatively short but complex life cycle consisting of eggs, four
aquatic larval stages (instars), an aquatic pupal stage and a terrestrial adult stage.
Mosquitoes are dependent on water, with the immature stage totally aquatic, and
without access to free-standing water of some kind, the larvae cannot complete their
development to the adult phase.
A gravid adult female mosquito will typically lay eggs either on the water surface
(usually with eggs in the form of a floating raft) or on a frequently inundated substrate
(usually singularly or in small groups). The ‘oviposition sites’ may include frequently
inundated soil or vegetation at the edge of a wetland, soil or leaf litter where
temporary pools form after rainfall or inside water holding containers (eg. tins, tyres
etc).
While some mosquito eggs (such as those laid by Aedes or Verrallina species) can
be desiccation resistant and remain unhatched for many months before being
inundated by tides or rainfall, most eggs (particularly those laid by Culex and
Anopheles species) will hatch within 2-3 days. On hatching, the young larvae
(commonly called wrigglers) feed continuously on aquatic particulate matter and
grow through four different instars or moults. The larvae of some mosquito species
have developed specialised mouthparts and are predatory, feeding on other
mosquito larvae and aquatic invertebrates. The final larval stage (4th instar) develops
into a pupa (commonly called tumbler) from which the adult mosquito emerges
approximately 2 days later. During summer, it generally takes seven to ten days from
the hatching of larvae to the emergence of adults.
On average, a female mosquito may live approximately 2-3 weeks but the male's
lifespan is much shorter. Adult mosquitos are most active from dusk until dawn,
seeking refuge during the day in cool and humid habitats such as well-vegetated
areas or under houses. Some pest species, however, can be active during the day
and disperse many kilometres from larval habitats.
Within their lifetime, both adult male and female mosquitoes will feed on nectar and
plant fluids, but it is only the female that will seek a blood meal required to provide
protein for egg development. While many mosquitoes are generalist feeders, some
specialise in feeding on humans, mammals, birds or amphibians. Host seeking
females respond to a range of stimuli, the most important being carbon dioxide.
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METHODS
The study site
The West Byron site is located approximately 2km west of the Byron Bay town
centre (Figure 1). For the purpose of this MRA, the site was divided into three main
sections, “Lot 1”, “Carvan Park” and “Melaleuca Drive” (Figure 2). This division was
made to allow comparisons between mosquito sampling sites across the site and
identify potential differences in onsite mosquito habitats.
NSW Arbovirus Surveillance & Mosquito Monitoring Program review
The NSW Arbovirus Surveillance & Mosquito Monitoring Program has co-ordinated
the collection of mosquitoes and testing of specimens for the presence of
arboviruses since 1984. Local governments in coastal and inland regions of NSW
collect mosquitoes on a weekly basis during the warmer months and send
specimens to the Department of Medical Entomology, Westmead Hospital for the
identification of mosquito species and isolation of arboviruses. The laboratory
methods are the same as those used in the NSW Arbovirus Surveillance and
Mosquito Monitoring Program (detailed methodology is available from
http://www.arbovirus.health.nsw.gov.au).
The Far North Coast of NSW has been represented in the program for many years in
the Ballina and Tweed Shire regions with annual collections in these areas since the
late 1980s. While collections were made at Byron Bay during 1988/1989 and
1989/1990, trapping was relatively infrequent with collections made only on a few
occasions during these seasons and occasionally over the subsequent decades. It
was not until the 2007/08 monitoring period that more frequent collections and
testing of mosquitoes was undertaken in Byron Bay.
While there are some differences in the local habitats within the Tweed, Ballina and
Byron Shire regions, generally the mosquito fauna within these regions is expected
to share similar levels of diversity. With regard to the West Byron site, it would be
expected that the mosquito fauna present in the local area would share many
characteristics with that of the nearby regions. The most substantial differences are
expected to relate to the abundance of individual species more so than the diversity
of the mosquito fauna. The abundance of individual species can vary within the
region with localised climate and weather as well as habitats.
Data provided by the NSW Arbovirus Surveillance & Mosquito Monitoring Program
was analysed with respect to the West Byron and greater Byron Shire region to
identify potential pest species and, based on mosquito populations in the nearby
Ballina region, investigate the temporal abundance of these key pest species. For
this purpose, collections made at the Lennox Head trap site were used for more
detailed analysis.
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West Byron onsite mosquito sampling
Based on historical mosquito abundance data for the Far North Coast of NSW and
associations with environmental factors, it was determined that peaks in mosquito
abundance at the West Byron site would occur between February and April and
typically follow either tidal flooding of estuarine wetlands or major rainfall events (i.e.
more than 100mm of rainfall within three days).
Two mosquito sampling trips were undertaken in the course of this MRA, 14-17
February 2010 and 23-26 March 2010. On each sampling trip, a combination of
habitat surveys, immature mosquito populations surveys and collections of adult
mosquitoes were undertaken.
Habitat surveys and larval mosquito sampling
Actual and potential mosquito habitats were identified through a review of aerial
photographs and topographic maps. Two transects were established across the site
so that the results of larval surveys could be compared between the two sampling
visits in February and March 2010 (Figure 3). All areas of the study sites identified as
potential mosquito habitats were inspected during the two site visits and all habitats
that contained standing water were sampled using a standard 300ml dipper and any
larvae collected were returned to the laboratory for identification using the keys of
Russell (1993). The salinity of the habitats was also recorded along with notes on the
presence of macroinvertebrates, fish and tadpoles along with vegetation composition
present.
Rainfall and temperature data was obtained from the Bureau of Meteorology (Met
Station: 058216 (Cape Byron)).
Adult mosquito sampling
While consideration of historical data collected as part of the NSW Arbovirus
Surveillance & Mosquito Monitoring Program will provide an indication of the
mosquito fauna in the region, to determine the relative abundance of pest species
within the West Byron site adult mosquito sampling must be undertaken. When a
suite of mosquito species is present in an area that do not disperse widely from
larval habitats, it can be difficult to determine their localized relative abundance
based on data collected at a site beyond their normal flight range.
Adult mosquito sampling was undertaken using dry ice baited Encephalitis Virus
Surveillance (EVS) traps (Rohe and Fall 1979) (Figure 4). These traps use carbon
dioxide (dry ice) to attract host-seeking mosquitoes but do not collect large numbers
of nontarget insects (e.g. moths, beetles etc) usually collected in traditional light
traps. Traps were operated at up to nine fixed trap sites on three consecutive nights
during each of the sampling trips. The adult sampling sites were selected to provide
protection from wind and rain and to maximize collections to enable an identification
of the greatest diversity of mosquito species.
Page 7

Mosquito Risk Assessment: West Byron Development, Byron Bay, December 2010

Figure 1. Locality plan of the West Byron study site, Byron Bay, NSW
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Figure 2. The three sections of the West Byron study site showing the location of
adult mosquito trapping sites, February – March 2010
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Figure 3. Aerial photograph of the West Byron study site showing the location of
immature mosquito sampling sites, February – March 2010
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Traps were set out in the late afternoon and collected the following morning. The
collections were sorted according to trap date and location, placed in petri-dishes
and returned to the laboratories of Medical Entomology for identification. Mosquitoes
were identified to species using the taxonomic keys of Russell (1993) and Russell
(1996).
Arbovirus testing
Collections from at least one night of trapping were processed for the isolation of a
range of arboviruses including Ross River virus (RRV) and Barmah Forest virus
(BFV). The laboratory methods are the same as those used in the NSW Arbovirus
Surveillance and Mosquito Monitoring Program (detailed methodology is available
from http://www.arbovirus.health.nsw.gov.au).

Figure 4. An example of the dry-ice baited EVS traps used to sample adult mosquito
populations at the West Byron study site, February – March 2010
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RESULTS AND DISCUSSION
NSW Arbovirus Surveillance & Mosquito Monitoring Program review
Mosquito populations
Byron Shire Council has participated in the NSW Arbovirus Surveillance from as
early as 1988/89 but during the first few years of mosquito collections, traps were set
on only a few weeks during each monitoring period. The abundance of mosquitoes
collected during these monitoring periods were generally very low with the most
common species being Aedes multiplex and Aedes notoscriptus.
Occasional trapping occured in Byron Shire in subsequent monitoring periods.
However, it was not until 2006-2007 that sampling occurred more routinely during
the season and the most appropriate dataset to use in this MRA occurred during the
2008-2009 and 2009-2010 monitoring periods with trap sites located within Byron
Bay and Ocean Shores. Long-term mosquito monitoring has been undertaken in
both the Tweed Shire and Ballina Shire, two locations that share similar actual and
potential mosquito habitats, and consequently mosquito fauna, to Byron Shire and
the West Byron site.
Over 50 mosquito species have been identified from the north coast region of New
South Wales, with the species of greatest concern, due to likely nuisance biting
impacts and potential public health risks, are Anopheles annulipes, Coquillettidia
linealis, Culex annulirostris, Culex quinquefasciatus, Aedes alboannulatus, Aedes
multiplex, Aedes notoscriptus, Aedes procax, Aedes vigilax and Verrallina funerea.
These species are associated with a range of different habitats including freshwater,
brackish water and estuarine wetlands as well as urban environments. The actual
impacts of these species is expected to vary considerably throughout the region as
the relative abundance of populations is dependent on factors such as the quantity
and distribution of rainfall, tidal inundation of wetlands, flooding events, species
specific dispersal patterns, prevailing winds and the distribution of appropriate refuge
sites.
A comparison of the mosquito fauna sampled at Byron Bay, Ballina (trap site located
at Lennox Head) and Tweed over the 2008-2009 and 2009-2010 monitoring period
indicates that there are strong similarities between the mosquito species present in
the three locations (Table 1).
The most important pest mosquitoes in the far north coast region, including Byron
Bay, are:


Anopheles annulipes is a medium sized mosquito with a spindly appearance
and speckled grey colouration. The larvae of this species have been collected
from a range of habitats including ground pools, freshwater wetlands and some
brackish water habitats. This species is only considered a pest risk when
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populations are high and is not considered an important vector of human
disease. However, this species has been shown to be a historical vector of
malaria in NSW.


Aedes multiplex is a small dark mosquito with a golden band across the thorax.
The larvae of this species are usually associated with ephemeral ground pools,
both freshwater and mildly brackish water habitats. This species is generally
not considered a major pest as it does not disperse far from larval habitats but
it will bite humans and RRV has been isolated from this species.



Aedes procax is a small to medium sized brownish mosquito and the larvae of
this species are found in mostly freshwater ground pools in bushland or heath
land habitats. This species was generally not considered a major nuisance
biting or public health risk. However, recent studies have indicated that this
species may play a locally significant role in transmission cycles of mosquitoborne disease with arboviruses including RRV and BFV increasingly isolated
from field collected specimens in coastal NSW.



Aedes notoscriptus is a small to medium sized dark mosquito with conspicuous
pale banded legs. This mosquito is often a severe nuisance pest, and is one of
the most common pest species in urban areas. The larvae are usually
associated with small water holding containers around dwellings such as tins,
pots, ornamental ponds, blocked guttering and tyres, as well as water holding
plants (eg. bromeliads) and tree holes. Laboratory studies have shown that this
species can transmit RRV and BFV and these two viruses have been isolated
from mosquitoes collected in the field.



Aedes vigilax. The Saltmarsh Mosquito is a dark, medium sized mosquito with
pale bands on the legs. The larvae of this species are usually associated with
tidally influenced saltmarsh and mangrove habitats, but can also utilise other
saline and brackish water habitats. The adults can disperse great distances (>
10 km) from breeding habitats and is a severe nuisance biting pest and an
important vector of arboviruses in NSW.



Coquillettidia linealis is a medium sized, dark mosquito and has the potential to
be an important nuisance-biting pest close to extensive natural or constructed
well vegetated freshwater wetlands. Little is known of the role this species
playing in local arbovirus transmission but both RRV and BFV have been
isolated from this speciesThe larval biology of this species differs markedly
from most other mosquitoes in that the larvae have a modified siphon that
attaches to the roots and/or stems of aquatic vegetation. A similar species,
Coquillettidia xanthogaster is also present in the local area.



Culex annulirostris is a medium sized, light to dark coloured mosquito with a
banded proboscis. Larvae are commonly collected from a range of freshwater
habitats from flooded grasslands to permanent, well-vegetated wetlands. This
mosquito is generally overshadowed by more abundant coastal species but is
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of increasing concern as constructed freshwater wetlands are increasingly
incorporated into urban coastal developments. The species is a known
nuisance-biting pest and the most important vector of arboviruses in inland
regions of Australia.


Culex quinquefasciatus is a medium sized pale brownish mosquito and another
very common pest species in urban areas. The larvae of this mosquito are
usually associated with habitats with a high organic content such as drains,
sullage pits, septic tanks and other water holding and water storage areas. It
has the potential to be a nuisance-biting pest and RRV has been isolated from
this species.



Verrallina funerea. This small to medium sized dark mosquito. The larvae of
this species are most commonly collected from freshwater and brackish flooded
Melaleuca and Casuarina woodlands, with its population abundance generally
increasing towards northern NSW. Although this mosquito does not travel far
from larval habitats, it is considered a relatively important pest and vector
species, particularly where urban developments have encroached closer to
these habitats.

With regard to the Byron Bay region, the most striking difference in the mosquito
fauna is the relatively low abundance of Ae. vigilax compared to the other locations.
This species relies on tidally influenced coastal saltmarsh environments with eggs
laid at the base of vegetation and/or on damp soil able to tolerate desiccation for
many months. Larvae are tolerant of a wide range of salinities and have been
collected from highly saline (>40ppk) saltmarsh pools to freshwater flooded
grasslands. Population increases of this species are closely linked to the inundation
of habitats by the highest tides of each month, and/or major rainfall events. Although
saltmarsh and mangrove communities are present in the Byron region, in many
areas there is restricted tidal exchange and, consequently, the conditions conducive
for large mosquito population production are not present.
To highlight the differences in temporal abundance of the major pest species,
mosquito abundance data from the Lennox Head site was used to generate mean
abundance charts for three important pest species including Ae. vigilax, Ae. procax
and Ve. funerea (Figure 3). Analysis of the mean weekly abundance of these three
species shows the degree of variation that can occur as a result of variation to
seasonal climatic factors. The three species are each closely associated with
specific habitats. Aedes vigilax is closely associated with tidally influenced habitats
and, as a result, the abundance of populations tend to remain more stable as tidal
flooding of estuarine wetlands provides triggers for population increases independent
of rainfall. Verrallina funerea is associated with brackish water habitats adjacent to
estuarine wetlands and populations can be triggered by both rainfall and tides.
Ae. procax is less tolerant of saline or brackish water and, as a result, populations
will be triggered only by rainfall.
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Figure 5. A selection of the most common mosquito species in the Far North Coast
region of NSW, Aedes vigilax (a), Aedes multiplex (b), Culex annulirostris (c),
Coquilettia linealis (d), Anopheles annulipes (e) and Aedes notoscriptus (f).
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Table 1. Diversity of mosquito fauna (total mosquitoes collected) sampled at Byron
Shire, Ballina Shire and Tweed Shire as part of the NSW Arbovirus Surveillance and
mosquito Monitoring Program, 2008-2009 and 2009-2010.
Byron Shire

Ballina Shire

Tweed Shire

2009-10

2008-09

2009-10

2008-09

2009-10

2008-09

51

0

3

13

1

0

Ae. alternans

0

0

81

73

115

27

Ae. burpengaryensis

37

0

0

15

8

1

Ae. gahnicola

6

5

0

0

1

0

Ae. kochi

15

5

0

1

0

0

Ae. multiplex

247

104

58

314

3

9

Ae. notoscriptus

542

370

1005

1123

225

219

Ae. palmarum

16

0

0

0

0

2

Ae. procax

150

102

20

1247

6

27

Ae. vigilax

87

15

554

209

854

138

Ae. vittiger

0

0

0

5

0

0

An. annulipes

1

0

1

13

1

5

Cq. linealis

40

81

9

149

3

22

Cq. variegata

1

3

1

13

0

0

Cq. xanthogaster

4

27

16

173

20

380

Cx. annulirostris

7

2

84

372

590

308

Cx. australicus

0

4

0

20

28

32

Cx. bitaeniorhynchus

0

0

0

0

0

1

Cx. edwardsi

0

0

0

0

19

59

Cx. halifaxii

0

0

0

2

0

0

156

30

56

68

35

66

Cx. quinquefasciatus

2

4

5

12

25

6

Cx. sitiens

32

9

1676

1543

2455

2765

Cx. sp. Marks No. 32

0

0

3

0

0

0

Cx. squamosus

0

0

1

1

0

0

Ma. uniformis

4

3

1

32

0

1

Tp. marksae

1

0

0

0

0

0

Ur. lateralis

0

0

1

4

2

1

Ve. funerea

20

0

3002

3177

630

200

Ve. sp. Marks No. 52

24

3

0

13

0

1

1448

789

6599

8603

5076

4292

21

16

19

24

19

21

Mosquito species
Ae. aculeatus

Cx. orbostiensis

Total specimens
Total number of species
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Figure 6: Mean weekly abundance of Aedes procax (a), Aedes vigilax (b) and
Verrallina funerea (c) at Lennox Head as recorded by the NSW Arbovirus
Surveillance and Mosquito Monitoring Program, 1994-2010.
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The Lennox Head site provides a good reference for the West Byron area as there
are comparable habitats nearby, including a combination of Melaleuca and
Casuarina forests, coastal saltmarsh and mangrove communities, flooded
pasture/grassland and urban habitats. This site provides one of the best long term
data sets in coastal NSW and provides an indication of the difficulty in assessing
long-term pest mosquito impacts given the diverse fauna but, more importantly,
highlighting the difficulty in designing an effective mosquito control program given the
available habitats and natural fluctuations in environmental conditions.
The implications for the West Byron site are that while key potential pest mosquito
species may be identified, it is important to consider that the abundance of these
species will vary over time with changes to the pattern and distribution of seasonal
rainfall and tidal flooding of nearby estuarine wetlands. Given that there are relatively
few estuarine wetlands likely to be flooded by tides, the population of Ae. vigilax are
likely to remain relatively low. For species including Ae. multiplex, Ae. procax and
Ve. funerea, the abundance of adult mosquitoes, and subsequently pest impacts, will
be highly dependent on seasonal rainfall.
Arbovirus activity
There are, on average, approximately 5,000 notifications of human disease resulting
from infection with either RRV or BFV in Australia. Both viruses can be spread by
mosquitoes present on the far north coast of NSW with arboviruses isolated from
over 20 mosquito species (Doggett et al 2009). In coastal regions of NSW,
arboviruses have been isolated most commonly from Ae. multiplex, Ae. notoscriptus,
Ae. procax, Ae. vigilax, Coquillettidia spp, Cx. annulirostris, Culex sitiens and
Ve. funerea.
A total of 21 pools of mosquitoes collected from Ballina Shire and Byron Shire has
returned positive results for virus isolation since 1989 (Table 3). It is important to
note that while the abundance of mosquitoes at Tweed Shire is recorded,
mosquitoes are not tested for arboviruses so no data on the activity of arboviruses
from this region is included in this report. Within the Byron Shire and Ballina Shire
region, arboviruses were isolated from a range of species with RRV the most
commonly isolated virus (Table 3).
A comparison of total annual human disease notifications within the Nothern Rivers
Area Health Service indicated that, over the past decade, between 22 and 276 cases
of RRV and between 45 and 264 cases of BFV. Over the decade to 2010, there has
not been a strong trend towards increasing or decreasing cases of disease caused
by either virus. When the data on human cases is compared across the three local
government areas, there is no substantial overall difference between Byron Shire,
Ballina Shire and Tweed Shire although in recent years, both Tweed Shire and
Byron Shire have generally recorded a higher number of cases when compared to
Ballina Shire (Table 3).
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The total monthly cases of disease caused by both RRV and BFV in the Byron Shire
are relatively similar with, generally, increasing monthly activity of BFV in the last
three years (Figure 8). Peaks in RRV activity tend to occur every 2 years but more
frequent peaks in activity have also been documented. The factors contributing to
the temporal distribution of these peaks are currently unconfirmed.
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Table 2. Arbovirus isolates from mosquitoes collected in the Far North Coast region
in the NSW Arbovirus Surveillance and Mosquito Monitoring Program, 1989-2010.
Arbovirus isolated

Mosquito species

Number

Location

Season

Stratford virus

Ae. notoscriptus

1

Byron Bay

2009-2010

Stratford virus

Ae. procax

2

Byron Bay

2009-2010

??

Ae. procax

1

Ballina

2007-2008

Sindbus virus

Cq. variegata

1

Ballina

2005-2006

Ross River virus

Cq. variegata

1

Ballina

2004-2005

??

Cq. xanthogaster

1

Ballina

1998-1999

??

Ae. multiplex

1

Ballina

1998-1999

??

Cx. sitiens

1

Ballina

1998-1999

Edge Hill virus

Ae. procax

1

Ballina

1994-1995

Sindbus virus

Cx. sitiens

1

Ballina

1993-1994

??

Cx. sitiens

1

Ballina

1992-1993

??

Cx. sitiens

1

Ballina

1992-1993

??

Cx. annulirostris

1

Ballina

1992-1993

??

Cx. sitiens

1

Ballina

1992-1993

Ross River virus

Ve. funerea

2

Ballina

1991-1992

Ross River virus

Ae. vigilax

1

Ballina

1991-1992

??

Cx. sitiens

1

Ballina

1991-1992

Ross River virus

Ve. funerea

1

1

Ballina

1991-1992

??

Pooled sample

2

1

Ballina

1991-1992

??

Cx. orbostiensis

1

Ballina

1989-1990

??

Pooled sample3

1

Ballina

1989-1990

1

Virus was present in the sample of mosquitoes but was not identified as one of the major Alphaviruses or Flaviviruses
Pooled sample containing Ae. alternans, Ae. multiplex, Cx. australicus, Cx. orbostiensis, Ve. funerea.
3
Pooled sample containing Ae. multiplex, Cq. xanthogaster.
2
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Figure 7. Total annual cases of human disease resulting from infection with Ross
River virus or Barmah Forest virus from 2001 through until April 2010 in the North
Rivers Area Health Service.
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Figure 8. Total monthly cases of human disease resulting from infection with Ross
River virus or Barmah Forest virus from 2001 through until April 2010 in the Byron
Shire.
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Table 3. Total number of human disease notifications resulting from infection with
Ross River virus or Barmah Forest virus in the Byron Bay, Ballina and Tweed Heads
regions of NSW, 2001 through until April 2010.
Byron Shire

Ballina Shire

Tweed Shire

Year

1

RRV

BFV

RRV

BFV

RRV

BFV

2001

21

28

26

9

26

16

2002

4

12

4

2

8

10

2003

68

54

26

18

64

80

2004

33

21

17

18

32

22

2005

18

31

18

17

16

12

2006

62

28

36

20

49

16

2007

16

22

9

12

28

25

2008

54

66

15

16

46

30

2009

48

37

16

12

66

18

20101

13

8

8

2

16

5

All human notifications to the end of April 2010
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West Byron onsite mosquito sampling
Habitat surveys and larval mosquito sampling
Overall, the total rainfall during the January to April 2010 period, 759mm, was close
to the long-term average of 741mm. Prior to the two mosquito sampling trips there
were major rainfall events with 281mm recorded between 28 January and 9
February 2010 and 110mm between 23 and 24 February 2010 (Figure 9). As a
result, there were substantial areas of pooling water detected onsite. Despite the
extensive inundation on the site during February 2010, there were relatively few
mosquito species collected and larval densities were considered relatively low.
Similarly, there were relatively few larvae collected from flooded pools sampled
during March 2010. These results suggest that the most important mosquito habitat
contributing to pest mosquito populations are located off site, particularly within the
extensive Melaleuca forests to the south of the site (Figure 10) and Melaleuca and
Casuarina forestes to the east.
A thorough survey of these habitats was beyond the scope of this MRA. However,
the margins of these habitats were accessible and sampling of immature populations
was undertaken where possible. Although a small number of mosquito larvae
belonging to Ae. multiplex, Ae. procax and An. annulipes were collected, overall, the
inundated in these areas are relatively large and complex making the collection of
large quantities of larvae difficult.

Figure 9. Maximum and minimum daily temperature and total daily rainfall recorded
at Cape Byron, January – April 2010.
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The large areas of lowlying sedgeland to the east and south-east of the site
contained an abundance of pools and depressions that held water during both the
February and March mosquito sampling trips (Figure 11). However, larval mosquito
populations were generally very low with only a small number of larvae were
collected (belonging to species An. annulipes). In many of these areas, the pools
created after recent rainfall dried quickly as a result of the sandy soil and making
them unsuitable for mosquitoes. The sedgeland habitats were relatively large and
some pools and depressions were somewhat cryptic so it is possible that, overall,
this area produced a larger range of pest mosquitoes than was identified in larval
surveys.
There are a number of creeklines throughout the site. In most instances they are
relatively shallow and generally slow flowing. Some creeklines are covered in dense
vegetation while others are relatively open (Figure 12). Fish are present throughout
most of the creeklines, particularly those close to the Belongil Creek. As reflected in
the larval surveys, very few larvae were collected from the creeklines. While in some
areas, the dense vegetation made sampling difficult this dense vegetation growth
can created conditions that are generally more suitable for mosquitoes.
Larvae were collected in large numbers during the March 2010 mosquito sampling
trip from flooded grassland adjacent to the low-lying Melaleuca forest at the
southwestern edge of the site (Figure 13). These habitats were somewhat cryptic in
that only on close inspection, standing water could be found as it was often covered
by long grass. In some locations, conditions were more suitable for mosquito
production due to the high organic content and absence of significant populations of
mosquito predators (e.g. fish or macroinvertebrates). This was particularly the case
in March 2010 when pastures had been recently slashed, leaving a large amount of
dead vegetation in pools and dramatically increasing the organic content and,
subsequently, making it more suitable for mosquitoes.
A series of shallow and relatively narrow channels had been constructed across the
sections of the pasture, presumably to assist the draining of water from the area, in
combination with land clearance. While in many areas, these shallow channels
drained quickly, those closer to the lowlying areas retained water for longer periods
as evident by the growth of sedge and rush vegetation in these areas. This type of
habitat has been identified as a potential mosquito habitat elsewhere in the region
and the presence of larvae in samples confirms this for the West Byron site.
Across the West Byron site were a number of areas where there was abundant
habitat for container breeding mosquitoes. These habitats were closely associated
with the caravan park and other buildings (e.g. uncovered containers, pot plant
saucers, tarpaulins and other artificial materials that allow pools of water to form)
onsite although a comprehensive survey of these habitats was beyond the scope of
this investigation. The only species associated with these habitats was
Ae. notoscriptus.
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a

b
Figure 10. An example of mosquito habitats within the Melaleuca forest to the south
of the West Byron site February – March 2010.
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a

b
Figure 11. An example of mosquito habitats within the sedgeland habitats to the
south of the West Byron site February – March 2010.
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a

b
Figure 12. An example of potential mosquito habitats within creeklines of the West
Byron site February – March 2010.
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a

b
Figure 13. An example of mosquito habitats within the flooded pasture of the West
Byron site February – March 2010.
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Adult mosquito sampling
A total of 36 mosquito species was collected as adults in this investigation with the
major pest species identified were Culex annulirostris, Aedes multiplex, Aedes
procax, Aedes vigilax and Verrallina funerea (Table 4). The diversity of mosquitoes
collected at the West Byron site reflects a similar diversity to that recorded across
the Far North Coast region with trapping at Tweed Shire, Ballina Shire and Byron
Shire as part of the NSW Arbovirus Surveillance and Mosquito monitoring Program.
The most abundant species collected in the study area across the two sampling
periods was Ae. procax with Ae. burpengaryensis, Ae. notoscriptus, Ae. vigilax,
Cx. annulirostris and Ve. funerea also commonly collected. It is worth noting that in
this survey of mosquito fauna, there were species that were identified that represent
new species records for NSW or for the Byron Shire region. Culex pullus had not
been recorded previously from NSW (previously only found in QLD) and Aedes
lineatopennis had not been previously found in the Byron Shire region.
Populations of Ae. procax are primarily driven by rainfall. Like most Aedes spp.,
Ae. procax lays desiccation resistant eggs on soil, debris or vegetation in depression
where ground pools form after rainfall. There are currently many gaps in our
knowledge regarding Ae. procax but surveys elsewhere in coastal NSW have shown
that this species can be associated with habitats inundated for long periods of time
and that the abundance of this species is greatest in purely freshwater. Studies in
QLD have indicated that even low level salinity creates unfavourable conditions for
this species.
While the majority of mosquito species collected are strongly influenced by rainfall,
population increases of Ae. vigilax will be closely linked to tidal inundation (but not
exclusively) of the estuarine wetlands (e.g. saltmarsh, mangrove, sedgeland and
Casuarina habitats) connected to Belongil Creek. This species can disperse widely
from larval habitats, pest impacts may extend beyond 5 kms from larval habitats so
populations produced from nearby habitats will be collected within the West Byron
site.
Population increases of Ve. funerea are related to a combination of rainfall and tidal
inundation with major rainfall events that flood brackish water habitats providing the
most productive habitats. This species does not disperse as extensively as
Ae. vigilax but can pose substantial nuisance biting impacts close to habitats.
The flooded channels and grass lined depressions provided habitat for
Cx. annulirostris, Cx. australicus, Cx. quinquefasciatus and Cx. orbostiensis. Adult
of Cx. annulirostris were moderately abundant with nightly collections ranging from
19 to 130 mosquitoes per trap. The abundance of these species do not represent a
significant pest risk but it is important to note the presence of freshwater mosquitoes,
Cx. annulirostris and Cq. linealis, in particular as this species may quickly colonise
future onsite constructed wetlands.
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Arbovirus testing
A total of 5,345 mosquitoes collected within the West Byron site were processed and
two arboviruses were isolated:



Stratford virus from Aedes notoscriptus collected on 14 February 2010
Ross River virus from Culex annulirostris collected 23 March 2010

The presence of arboviruses within the mosquitoes collected was not particularly
surprising given that studies of this kind would typically be expected to detect
common arboviruses including RRV, BFV or Stratford when large populations of
mosquitoes are present in habitats close to populations of native macropods.
The isolation of RRV from Cx. annulirostris is somewhat unusual as this virus is
much more commonly isolated from Aedes spp in coastal regions. The main
reservoir hosts of RRV are thought to be native macropods (i.e. kangaroos and
wallabies). During the larval surveys of the West Byron site, wallabies (Wallabia
bicolor?) were regularly seen during both February and March 2010, particularly
along the southern areas of the site (Figure 14).
Stratford virus (STRV) belongs to a group of viruses known as Flaviruses that may
cause symptoms including myalgia, arthralgia and muscle fatigue, although there
have been very few documented symptomatic patients in Australia despite this virus
being isolated from mosquitoes collected in coastal NSW. Generally, STRV is most
commonly collected on the coast and mostly from mosquitoes belonging to the
Aedes genus. It is interesting to note that STRV is one of the most commonly
detected arboviruses in metropolitan areas. While little is known of the reservoir
hosts of STRV, given the presence of the virus in urban areas, it is more likely to be
birds or bats rather than macropods.

Figure 14. Examples of wallabies seen within the West Byron site
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Table 4. Total mosquito species collected at the three study areas at West Byron.
14-16 February 2010
Mosquito species

23-27 March 2010

Caravan
Park

Lot 1

Melaleuc
a Drive

Caravan
Park

Lot 1

Melaleuc
a Drive

Ae. aculeatus
Ae. alternans
Ae. burpengaryensis
Ae. gahnicola
Ae. kochi
Ae. lineatopennis
Ae. multiplex
Ae. notoscriptus
Ae. palmarum
Ae. procax
Ae. quasirubithorax
Ae. vigilax
Ae. vittiger
An. annulipes
Cq. linealis
Cq. variegata
Cq. xanthogaster
Cs. antipodea
Cx. annulirostris
Cx. australicus
Cx. bitaeniorhynchus
Cx. edwardsi
Cx. halifaxii
Cx. orbostiensis
Cx. postspiraculosus
Cx. pullus
Cx. quinquefasciatus
Cx. sitiens
Cx. sp. Marks No. 32
Cx. squamosus
Ma. uniformis
Mi. elegans
Ur. lateralis
Ur. pygmaea
Ve. funerea
Ve. sp. Marks No. 52

69
6
122
0
0
0
3
84
0
37
0
91
1
8
0
0
12
0
143
0
0
0
0
2
0
0
6
26
0
0
2
0
0
1
45
3

0
0
31
0
0
0
2
18
1
3
0
15
0
0
0
0
0
0
7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0

20
2
80
1
3
0
16
238
6
43
1
176
0
7
11
0
4
0
85
0
0
0
0
2
0
0
2
14
1
1
0
0
0
0
5
1

0
18
0
3
2
3
133
142
9
769
0
111
0
8
32
2
128
0
445
31
1
37
29
186
0
2
41
2
3
5
32
3
0
2
58
157

0
24
1
4
1
0
90
96
4
312
0
68
0
6
12
2
88
1
209
26
0
32
10
133
0
0
14
43
7
8
19
0
1
0
54
81

0
10
0
12
2
0
89
134
1
277
0
31
0
7
3
4
47
0
130
12
1
12
9
65
0
2
6
16
5
0
12
1
2
1
19
79

Weekly Totals

666

78

727

2427

1368

999
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MOSQUITO IMPACTS WITHIN THE WEST BYRON SITE
Nuisance biting
It is extremely difficult to quantify both the current and future the impact of nuisance
biting in a specific area due to the spatial and temporal fluctuation in mosquito
abundance and the mix of different mosquito species, their respective habitats and
the environmental and/or climatic conditions that trigger population increases.
The NSW Mosquito Monitoring and Arbovirus Surveillance Program lists average
trap densities of adult mosquitoes greater than 100 per trap as high with over 1,000
per trap as very high to extreme when exceeding 100,000 per trap. Generally, when
the abundance of known biting pests such as Ae. vigilax exceed 100 per trap in
residential areas, nuisance biting impacts are experienced with considerable impacts
often reported when collections exceed 500 per trap. However, some nuisance-biting
species can be present a substantially lower abundances (e.g. Ae. notoscriptus).
Similarly, large populations of some mosquito species may not result in nuisancebiting impacts if those species preferentially feed on birds (e.g. Cx. sitiens).
The tolerance level of individuals varies substantially and is often dependent on the
extant mosquito populations and previous personal experiences. However, there are
strong indicators that nuisance biting alone can have negative impacts on a
homeowner’s quality of life as well as the economic impacts on residential,
recreational and tourist developments.
It is difficult to accurately predict the level of nuisance-biting within the West Byron
site following development. However, in the absence of large populations of
Ae. vigilax, nuisance-biting impacts are likely to be lower within the site compared to
similar areas located adjacent to productive estuarine wetlands within the Far North
Coast region. Aedes vigilax is still present and will occasionally cause some
nuisance-biting impacts but not of the magnitude experienced in some locations
within the Ballina Shire or Tweed Shire.
While Ae. vigilax may not be present in high numbers, there is a suite of species
collected within the site that are known human biters and may potentially cause
nuisance-biting problems when environmental conditions result in abundant
populations. In particular are those species associated with nearby habitats already
identified as locally abundant including Ae. procax, Cx. annulirostris and Ve. funerea.
Aedes notoscriptus is already present within the site and will continue to be present
following urban development. However, the abundance of this species may change
over the course of redevelopment as many of the current habitats are removed as
part of redevelopment. This species will respond to changes in the built environment
and the abundance of suitable habitats. Care should be taken with the planning and
construction that water holding containers aren’t left uncovered and that rainwater
tanks are correctly installed to new dwellings.
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Public health risks
Ross River virus (RRV) and Barmah Forest virus (BFV) are the most common
disease-causing pathogens spread by mosquitoes in Australia. There are other
arboviruses transmitted by mosquitoes, including Stratford (STRV), Sindbis virus
(SINV) and Edge Hill virus (EHV), that are often isolated from mosquitoes in coastal
regions of NSW but these two viruses rarely cause disease in Australia.
While the symptoms of disease caused by RRV and BFV can vary greatly between
individuals and include fever and rash, infection with either of these viruses may
result in a condition known as polyarthritis with arthritic pain in the ankles, fingers,
knees and wrists. Generally, the rash tends to be more florid with BFV infection but
the arthritic pain is greater with RRV infection. The presence of specific antibodies
showing infection with RRV and BFV can be determined with a blood test. Under the
NSW Public Health Act 1991, both viruses are classified as a notifiable infectious
disease.
The future risk to public health in the West Byron site is unlikely to be greater than
other urban areas of the Byron Shire. There is unlikely to be a significant change in
the locally abundant pest mosquitoes and many of them have already been identified
as being capable of transmitting disease-causing pathogens. The current health risks
are generally higher within the site compared to other residential/urban areas due to
the presence of potential reservoir hosts (i.e. wallabies). If the abundance and/or
activity of these animals is reduced following redevelopment of the site, health risks
will be reduced. However, it is important to note that the general risk of mosquitoborne disease within the Byron Shire is expected remain at a comparable level as
documented in the previous ten years of human notification data.
It is important to remember that, while the residential address of individuals reported
as infected with RRV or BFV is recorded in the public health records, the local where
individuals are bitten by mosquitoes and subsequently infected with the arbovirus
can vary greatly and may occur while engaging in a range of activities from fishing,
bushwalking or playing golf.
Climate change and future mosquito risk
Mosquitoes and mosquito-borne disease are often discussed as a major concern
should climate change result in global warming and/or sea level rise. The greatest
concern is that, with increased temperatures, the geographic range of pest and
vector species will increase and with it the risk of human disease, particularly
“tropical” diseases such as Malaria and Dengue. However, there are many factors
beside temperature including the availability of suitable habitats, short term changes
in rainfall and tidal heights, urbanisation and mosquito control programs that
influence the distribution and abundance of mosquitoes as well as the incidence of
human disease.
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While the risks of ‘tropical’ diseases are unlikely to rise with predicted climate
change, there may be a local increase in the risk of arboviruses, including RRV and
BFV. With overall warmer temperatures, there may be a decrease in the incubation
period (the time between when a mosquito ingests a virus and when it is capable of
transmitting the virus to humans) of the viruses in local vector species. This will
mean that a potentially greater proportion of mosquitoes can transmit arboviruses in
the local area. In addition, the warmer weather may not increase the magnitude of
population increases but it may extend the period of mosquito activity, increasing
nuisance-biting and potential public health risks in the spring and late autumn.
Assessing the impact of climate change is a complex process (with much debate
surrounding the potential magnitude of temperature, rainfall and sea level change)
but the pest and public health impacts of mosquitoes in the future may be
determined as much by urbanisation, wetland management strategies and mosquito
control programs as any change to the climate of the region. It is highly unlikely that
any rise in temperature or sea-level will result in a significant change to the mosquito
fauna (either the species composition or abundance).
There have been a number of publications in recent years discussing the possible
impact of predicted climate change on the Australian mosquito fauna and activity of
local and exotic mosquito-borne disease. For an informative overview of the issue,
see Russell (2009) “Mosquito-borne disease and climate change in Australia: time
for a reality check” in Australian Journal of Entomology, 48: 1-7.
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MOSQUITO MANAGEMENT AND FUTURE DEVELOPMENTS
Overview
With consideration given to the results of long term mosquito surveillance in the
Byron Shire region, with reference to both the Ballina and Tweed Heads regions, as
well as the mosquito population sampling within the West Byron site, it can be
concluded that there are a number of mosquito species present that may pose
potential pest impacts to any future residential developments.
There is no evidence from the available data that nuisance-biting and/or potential
public health risks within the West Byron site are significantly greater than those in
other areas of the Byron Shire region. Through the appropriate design of future
residential and recreational developments, these risks can be further reduced.
There is a range of species present in the local area that may cause potential pest
impacts within the West Byron site (Table 5). Each of these species has the potential
to cause pest impacts within the site. However, those impacts are going to vary
greatly depending on seasonal patterns of rainfall and tidal inundation as well as the
design of residential developments, construction of wetlands and management of
those mosquitoes associated with either natural, constructed or artificial habitats.
Broad scale mosquito control (including aerial and ground based application of
larvicides combined with habitat modification) in the surrounding wetlands is not
feasible. Such a program is unfeasible for the local area given the extensive wetland
areas that would require treatment, the financial and technical commitments that
would be required and current environmental protection legislation in place. It should
be noted that some concern has been raised as to the indirect ecological impact of
broadscale mosquito control. This concern primarily centres around the role of
mosquitoes as food for birds, bats, fish and frogs and what the consequences of
broadscale control may have on wildlife that fees on mosquitoes.
While there is strong evidence that modern biological larvicides, when applied
according to recommendations by the Australian Pesticides and Veterinary
Medicines Authority (APMVA), have minimal impact on non-target organisms, there
is little information available as to the indirect ecological impact of broad scale
mosquito treatment programs It is unlikely that a large-scale mosquito control
program would be approved by the local authorities, unless there was a significant
public health emergency, and, as a result, mosquito-sensitive urban design will be
required to reduce the potential future pest and/or public health impacts within the
West Byron site.
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Sep - May

Nov - Apr

Dec - Apr

Nov – Apr

Potential biting pest and will pose greatest risk during
periods of above average rainfall

Potential pest following redevelopment

Potential pest following redevelopment
Occasional biting pest close to breeding habitat when
populations large
Occasional biting pest close to larval habitat when
populations large
Serious biting pest and potential vector many kilometers
from larval habitat but populations relatively low at West
Byron compared to other coastal areas.
Major biting pest and vector

Well vegetated permanent and temporary
freshwater wetlands (inc. constructed wetlands)

Polluted freshwater wetlands (inc. constructed
wetlands) and urban habitats (inc. drains, septic
tanks, sullage pits, garden ponds)

Domestic containers (inc. tins, buckets, blocked
gutters, tyres, pot plant saucers)

Temporary brackish & freshwater

Temporary brackish to freshwater bushland pools

Temporary estuarine (esp. saltmarsh) but also,
occasionally, other brackish water habitats

Temporary brackish & freshwater

Culex annulirostris

Culex quinquefasciatus

Aedes notoscriptus

Aedes multiplex

Aedes procax

Aedes vigilax

Verrallina funerea
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Dec - Apr

Sep - May

Jan - Mar

Nov - Mar

Potential biting pest but not currently considered a
significant risk

Well vegetated, permanent freshwater wetlands
(inc. constructed wetlands)

Coquillettidia linealis

Activity

Pest status

Larval Habitat

Mosquito Species

Table 5. Larval habitat, pest status and period of peak activity of the mosquitoes with the most likely potential nuisance-biting and/or
public health risks in the West Byron site and Byron Shire Region.
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There are strategies available relating to the landscaping and vegetation
management of residential and recreational areas, as well as the built environment,
that can assist the mitigation of local pest impacts during periods of peak activity.
Appropriate education of the community as to the risks associated with mosquito
populations and personal measures to avoid exposure to mosquitoes should also be
undertaken as part of the overall mosquito management strategy.
West Byron urban design plan
The West Byron urban release area plan (together with the West Byron draft zoning
plan) provide an indication of the proposed development that allows a more detailed
assessment of likely pest mosquito impacts and informs the design and
implementation of strategies to mitigate the mosquito impacts through the design of
the proposed developments and buildings contained within.
The proposed zoning plan (Figure 15) outlines the proposed land uses within the
West Byron study area with a combination of residential, industrial and
environmental zones spread throughout the site. With regard to mosquito risk, the
environmental conservation and management areas will provide a small buffer
between the most productive mosquito habitats to the south and east of the site and
the proposed residential developments. This buffer is unlikely to stop mosquitoes
dispersing into residential areas. However, the extent of any nuisance-biting
problems can be mitigated through a combination of building design and onsite water
management through water sensitive urban design (i.e. stormwater management
and rainwater storage). The location of public recreation and the neighbourhood
centre towards the centre of the proposed development area will further reduce the
impact of mosquitoes.
Water sensitive urban design strategies may influence the availability of both
immature mosquito habitat and adult mosquito refuge. These two factors will be
discussed in following sections. However, broadly speaking, the construction of
stormwater management devices ranging from gross pollutant trap through to
bioretention swales may provide opportunities for mosquitoes to breed onsite and
the installation of rainwater tanks may also provide additional habitats for a number
of mosquito species already closely associated with the urban areas of the Byron
region. Terrestrial vegetation can also provide refuge for mosquitoes, both increasing
their relative abundance in heavily vegetated areas close to or within the residential
developments or facilitating their movement throughout the site.
Finally, some consideration should be given to the likely movement of wildlife
throughout the site, particularly with the corridors created through the site by the
environmental management zones. Frequent movement of macropods, in particular,
through the area may increase the risk of mosquito-borne disease transmission.
However, this risk is unlikely to be substantially greater than existing risk in nearby
wetland, bushland and recreational areas within the local area.
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Figure 15. Proposed
zoning plan for the West
Byron site, December 2010
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Vegetation management and buffer zones
The use of buffer zones, vegetated or non-vegetated areas between mosquito
habitats and urban developments, has been proposed as a potential strategy to
reduce mosquito impacts. However, there is ongoing debate as to the design of such
buffer zones and their relative effectiveness.
The effectiveness of buffer zones in urban development design is going to be highly
influenced by the quantity of actual and potential mosquito habitat and the
abundance of associated mosquito species. There is anecdotal evidence that
vegetation free buffer zones of 100m can minimise the dispersal of mosquitoes
associated with flooded Casuarina and Melaleuca forests including a suite of Aedes
spp and Verrallina spp. However, when major pest species capable of dispersing
many kilometers from larval habitats, such as Ae. vigilax, are present, buffer zones
are not considered a practical strategy to reduce pest impacts.
Within the West Byron site, the major potential pests identified in the mosquito
sampling are those that are generally not known to disperse great distances from
larval habitats. The species of greatest concern with regard to dispersal is Ae. vigilax
and this species was not present in large numbers in the great Byron region.
Unfortunately, there is little scientific evidence regarding the dispersal ranges of
those species associated with the West Byron habitats. However, based on what
information is available, it is thought that most of these species fly less than 300m
from habitats.
Given that widely dispersing species such as Ae. vigilax are not the dominant
mosquitoes around the West Byron site, the use of unvegetated buffer zones, as
wide as possible, may provide some assistance in reducing pest impacts, particularly
at the southern edge of the development site.
While the concept of “buffer zones” does not offer a single effective strategy to
reduce mosquito impacts, the basic principal of reducing harbourage sites close to
residential areas is a worthwhile consideration. Minimising dense vegetation close to
residential areas, particularly immediately surrounding buildings, will reduce the
density of mosquitoes in close proximity to residents.
Harbourage sites contribute to an increase in the pest impacts of mosquitoes by
acting as cool humid refuges from which mosquitoes can disperse. As well as
contributing to favourable habitat conditions that assist increased longevity of
mosquitoes (and consequently increasing the risk of disease transmission), these
harbourage sites can act as “stepping stones” (a number of clumps are close
together) or “bridges (a continuous corridor of vegetation) that facilitate the
movement of mosquitoes into areas they would not normally disperse due to a
naturally short flight range.
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Building design
While there are no strategies available that will completely remove all mosquito
impacts, there are a number of strategies available that can be incorporated into the
design and construction of the development that will assist in minimising mosquito
impacts.
While some mosquito activity should be expected in outdoor areas, the entry of
mosquitoes into buildings can often have significantly greater nuisance impacts.
Insect screens of an appropriate mesh size should be fitted to windows and doors
where possible and maintained regularly. It should also be ensured that there are no
entry points via air conditioning ducts, ventilation structures or other connections
between indoor and outdoor areas. Most importantly, consideration should be given
to minimizing the potential of onsite mosquito habitats associated with buildings,
particularly rainwater tanks.
Air conditioning, ventilation & insect screens
A fully enclosed, air conditioned building is less likely to be impacted by mosquitoes
but before undertaking such a structural response in building design developers
should weigh up the advantages of appropriately designed outdoor areas. Daytime
mosquito activity will generally only be limited to the period between December and
March and in the months before and after this period, mosquito activity will generally
be limited to dawn and dusk and outdoor areas should be designed to restrict the
movement of mosquitoes into the indoor areas.
It should be ensured that there are no entry points via air conditioning ducts,
ventilation structures or other connections between indoor and outdoor areas. In
some cases, large intakes of rooftop air conditioning systems can provide an entry
point into buildings for mosquitoes and while mosquitoes may not be distributed
through the actual air conditioning ducts, they may gain entry to ceiling voids and
other areas that may provide refuge for mosquitoes seeking cool, humid conditions
and consequently allow movement of the mosquitoes into occupied rooms. It is
important that the maintenance schedule of these units and associated filtration
devices ensures that no gaps or openings are created to allow access by
mosquitoes.
Mosquito activity can be restricted when airflow is maintained through an outdoor,
sheltered or indoor/outdoor. Natural breeze or airflow from fans (e.g. ceiling or
ground) can occasionally be employed to limit mosquito activity but such as strategy
is unlikely to provide protection when mosquito populations are high.
With air conditioning standard in most buildings, during the periods of greatest
mosquito activity most windows will remain closed but it is important to ensure all
windows, and where possible doorways, are appropriately screened. There is often a
need for compromise between the provision of natural ventilation, visual amenity and
the restriction of mosquito movement.
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Insect screens (made of aluminum, bronze or fiberglass) of an appropriate mesh size
(mesh size of 1.2mm x 1.2mm is generally recommended) should be fitted to
windows and doors where possible and maintained regularly (tears and loose fitting
screens will allow mosquitoes entry to buildings). In situations where there is concern
regarding obstruction of views or decreased visual amenity, sash windows can be
used where only half the screening is required.
There is a wide range of options available for screening doors including sliding,
spring loaded and pleated screens for doors and windows. Some retractable
structures are available for wide openings with pleated and bi-folding options offering
potential coverage of openings over 5m wide and up to 3m high.
In some locations within the West Byron site, permanent screening of outdoor areas
may be considered. The provision of screened outdoor areas will provide protection
from mosquitoes during the periods of peak activity and during the evening when
mosquito activity is generally greatest.
The challenge in providing protection from mosquitoes in outdoor areas close to
wetlands is addressing the conflicts between visual amenity and functionality of
outdoor areas while minimizing contact with mosquitoes. A combination of
permanent and temporary screened areas can be employed and with the
incorporation of retractable and/or removable screens providing additional flexibility
to respond to seasonal differences in mosquito activity.
There are an increasing number of options available for providing screening of
outdoor settings including insect proof screens. Screening for sun protection (i.e.
shade cloth) may also provide a physical barrier to mosquito movement but mesh
sizes of more than 5mm x 5mm are likely to allow entry of mosquitoes. For complete
protection, insects screens of approximately 1.2mm x 1.2mm are required.
There is a range of options available for retractable and removable screens. The
technologies currently used to provide adjustable shading for restaurants and
commercial buildings may be adapted for use with insect screening. For temporary
screening, there are a variety of options available to secure the insect screening that
include press studs, velcro, magnets, hooks and spring clamps.
The most important consideration of retractable and/or removable screening is that
there is complete coverage of openings to restrict the movement of mosquitoes.
Loose fitting screening (e.g. no secure attachment to vertical sides) will not provide
effective protection from mosquitoes. Any type of screening will pose a physical
obstruction to mosquitoes but the more ‘complete’ the coverage the better protection
provided.
Concerns may be raised as to the visual amenity or the feeling of ‘enclosure’ created
by screened areas. However, options could be investigated to increase of aesthetic
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qualities of screens. Many companies offer a wide range of colours (i.e. not only
black or white) and in some instances; custom colours and/or murals may be a
consideration.
Lighting
There is no evidence that light intensity or colour plays a significant role in deterring
mosquito activity within or nearby to dwellings. However, male mosquitoes and a
number of other flying insects (e.g. chironomids) associated with the nearby
wetlands may be attracted to lights. Chironomids in particular can occur in
exceptionally large numbers and are attracted to lights and light coloured buildings.
These insects do not bite but large accumulations of these insects can often cause a
serious nuisance problem. Any external lighting around buildings and pathways
should be directed towards the ground to minimise illumination of the buildings
themselves. The use of lights on balconies and close to windows should be
minimised.
Rainwater tanks
There has been much debate recently surrounding the role of rainwater tanks in the
abundance of local mosquito populations, activity of mosquito-borne disease and by
providing habitats for exotic mosquito species that may be associated with the
transmission of tropical diseases including dengue. There are, however, many other
factors that will determine the introduction of exotic mosquitoes and diseases beside
the installation of rainwater tanks alone (see references Russell 2009 and Beebe et
al 2009).
The main concern regarding rainwater tanks is that they may increase the available
habitat for Ae. notoscriptus, increasing nuisance-biting rates. The species has been
shown to have played a role in the transmission of RRV in Brisbane during an
outbreak in 1994, both BFV and RRV have been isolated from mosquitoes collected
in metropolitan Sydney and urban areas of coastal NSW and numerous laboratory
studies have shown that this species is an effective vector of these viruses.
Rainwater tanks have historically been identified as locally significant mosquito
habitats. However, these tanks vary dramatically from modern tanks that come in a
wide range of shapes and sizes and made from a number of different materials, most
commonly molded polyethylene or steel. These modern tanks are designed to
reduce their suitability as mosquito habitats through the use of sturdy screens on all
openings. In Queensland, where dengue mosquitoes have been shown to be
associated with unscreened rainwater tanks, regulations (Queensland Health
Regulation 1996, Part 8 Mosquito Prevention and Destruction) specify that brass,
copper, aluminum or stainless steel gauze not coarser than 1 mm should be fitted to
all openings.
The most important consideration is that tanks are properly installed and that any
openings (such as inflow, outflow and access points) are completely screened to
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prevent entry by mosquitoes. Similarly, during maintenance checks of tanks, screens
should be checked to ensure that they’re intact.
Stormwater systems
Stormwater structures featuring sub-surface water flow and storage capabilities are
generally not suitable sites for mosquito production unless mosquitoes can gain
access to the standing water. The production of mosquitoes from stormwater inlet
pits, gross pollutant traps or surface storage areas can be avoided by ensuring that
the structures are self draining, are shallow enough to encourage evaporative drying,
and that the accumulation of sediments and organic material is maintained at low
levels.
It is important to note that mosquito production, particularly Cx. quinquefasciatus,
can occur within storwater pipes. Adult mosquitoes will seek out structures like
stormwater pipes as a resting site during the day due to the protected cool and
humid conditions provided. During periods of low flow through pipes, small pools of
very shallow water can persist and mosquito larvae can complete their development.
The retention of stormwater flows, particularly following major rainfall events or
during periods of above average rainfall, as standing water for periods of more than
5 days during summer or 7 days during spring or autumn will provide suitable
conditions for mosquitoes and may result in locally significant increases in pest
species. However, water flows through structures following rainfall and/or ponding of
water for short periods does not represent a risk of mosquito production from swales
or basins.
Bio-retention swales can provide habitat for mosquitoes but typically only if the
carrying capacity of the structure has been underestimated (i.e. stormwater flows are
greater than predicted and results in standing water remaining on the surface for
longer periods than desirable) or a build-up of sediments overtime reduces the
infiltration rate and storage capacity of the wetlands and/or basin.
The key to the suitability of GPTs for mosquitoes is the permanent retention of
standing water in these structures and mosquitoes can use even small quantities of
water. However, in a regularly maintained GPT that minimises the quantity of
sedimentation and accumulation of floating rubbish, the suitability of these structures
for mosquitoes is reduced. The sediments and rubbish often provide a refuge for
larval mosquitoes and increases the likelihood mosquitoes can complete their
development.
Roof guttering can also provide habitat for Ae. notoscriptus, therefore it is important
that, where possible, gutter is fitted with a “leaf guard” style system that reduces the
accumulation of leaves and other matter that may lead to both restricted drainage
and also favourable conditions for mosquito larvae.
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Constructed Wetlands
Constructed wetlands are increasingly common in coastal regions of NSW and are
usually associated with urban development. These wetlands may be designed for
stormwater or wastewater treatment, water storage, wildlife conservation, passive
recreation, community eduction or simply aesthetic appeal. These wetlands are often
generally small but given their proximity to the community, may increase the relative
risk of mosquito impacts.
The suitability of wetlands for mosquitoes is dependent on a wide range of factors
that include the size, design function (e.g. waste-water treatment, water storage,
wildlife refuge) and location of the wetlands; aquatic macrophyte communities;
predatory fish and macroinvertebrate communities; extant mosquito populations and
wetland and/or mosquito management plans. The management strategies required
to address the mosquito risks associated with constructed wetlands are often sitespecific. However, there are general design, construction and maintenance
principles that can be incorporated into wetland management that can minimise
mosquito production.
It is important to note that it is beyond the scope of this mosquito risk assessment to
provide site-specific advice on any proposed constructed wetlands until plans and
specification s are provided. However, the basic elements of wetland design that will
minimize the suitability of habitat for mosquitoes should be considered when the
constructed wetlands are designed.
Wetland design
There are a number of key resources that provide specific details on the design of
constructed waterbodies to reduce the risk of increased mosquito populations:


Russell RC. (1999) Constructed wetlands and mosquitoes: Health
hazards and management options – An Australian perspective.
Ecological Engineering, 12: 107-124.



Russell RC (2001) Constructed wetlands in Australia: Concerns &
constraints, compromises & complements for effective mosquito
management. Arbovirus Research in Australia, 8: 314-323.



Russell RC and Kuginis L. (1998). Mosquito risk assessment and
management. In: The Constructed Wetlands Manual. NSW Department of
Land and Water Conservation (Young R, White G, Brown M, Burton J, Atkins
B, eds) Volume 1: 181-191.



Midge Research Group of Western Australia (2007) Chironomid midge and
mosquito risk assessment guide for constructed water bodies.
Department of Health, Government of Western Australia.
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Hunter G. (2003) Wetlands for stormwater management: water,
vegetation and mosquitoes – a recipe for concern. In: Waterplants in
Australia: A field guide (Sainty, G and Jacobs S). Sainty and Associates, Potts
Point, Australia

It is often difficult to balance the design considerations required to allow the wetland
to meet its specific function (e.g. remove pollutants in stormwater, provide wildlife
refuge, and improve aesthetic appeal for new urban developments), in general,
constructed wetlands should be sited in open areas where wind action produces
surface waves that disrupt larval respiration, discourage mosquito oviposition (egglaying) and inhibit the algae and floating plants that provide refuge for immature
mosquitoes from predators.
Open areas of wetlands designed as sedimentation areas intended to be 'deep', and
vegetated zones intended to be 'shallow', provide different opportunities for
mosquitoes. The shallow macrophyte zones are preferred habitats for mosquitoes
and, generally, immature mosquito populations in the open water zones are relatively
low. The reduced suitability of these wetland areas is closely associated with the
increase wave action, activity of predators and reduce vegetative refuge more so
than the depth alone.
Ponds with simple shapes and a low edge to area ratio are less likely to be
productive of mosquitoes. A complex wetland shoreline promotes heterogeneity of
the vegetation zones and the presence of small coves and inlets provides for growth
of dense vegetation, and accumulation of floating debris, that can protect mosquito
larvae from wave action and predators. Wetlands with generally linear shorelines
provide less area of refuge for larvae from predators than do convoluted shorelines
but such linear wetlands may not be conducive to slowing water flows to assist
pollutant removal.
Concern for public safety around wetlands is an important consideration and often
results in the incorporation of gently sloped wetland banks. To discourage access to
wetlands, spiky, thorny or otherwise impenetrable terrestrial vegetation can be
planted, but this strategy is not always desirable. The recommended bank slope of
wetlands to minimise mosquito breeding is from 2.5H:1V to 4H:1V, and slopes
should not be planted with grasses that may trap water and provide habitat for
mosquitoes (alternatively, grasses should be regularly cut to minimise habitat
available).
Steep slopes can restrict the density of vegetation, and reduce the area of shallow
water, minimising suitable mosquito habitat by maximising the access of predatory
fish and exposing larvae to surface water disturbance that may increase larval
mortality. If the recommended bank steepness cannot be maintained for safety or
other considerations, a vertical ‘lip’ between 100 - 300mm may be used at the water
margin, allowing more gradual slopes above and below the vertical edge.
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It can be beneficial if water level management capabilities are incorporated into the
design of the wetland. However, while lowering and raising the water level can be
can be detrimental to Anopheles, Coquillettidia and Culex mosquitoes it may
promote some Aedes species adapted to wetlands with fluctuating water levels.
Similarly, periodic draining can effectively interrupt mosquito production, and a
wetland system with a number of bays in parallel allows for some cells to be drained
for mosquito management while others remain flooded and continue to provide
treatment of polluted waters. Prescribed times for drying of wetlands must be
decided with a view to site-specific issues such as mosquito species, vegetation
types, seasonal factors but the incorporation of water level management capabilities
will greatly assist future mosquito management.
Vegetation
There is limited information available on the associations between specific
vegetation types and mosquito productivity. However, the species of greatest
concern are Typha spp. and Phragmites spp. that are prone to wetland invasion and
dense growth. These species may “clog” wetland systems, creating refuge for
mosquito larvae and restricting access of predators. Also, dead plant material
increases the organic content of the water, increasing the suitability of the habitat for
mosquito species such as Cx. annulirostris and Cx. quinquefasciatus. Floating plants
such as water hyacinth (Eichhornia crassipes), salvinia (Salvinia molesta) and
duckweed (Lemna spp.) all have the potential to increase the suitability of wetlands,
particularly open water areas that would otherwise not provide suitable conditions,
for pest mosquitoes such as Cx. annulirostris. However, there are also mosquito
species (Coquillettidia spp and Mansonia spp.) with a direct association with floating
vegetation (i.e. the immature stages attach themselves to the roots of floating plants)
and populations of these species may increase with an abundance of floating
vegetation.
Biological control
While there are options for biological control of mosquitoes in constructed wetlands,
they offer only limited control effectiveness in treatment or urban wetlands where
water quality may be poor. Invertebrate (e.g., Diptera and Coleopteran larvae,
Crustaceans, Notonectids, Odonates) and vertebrate mosquito predators (e.g. fish)
have been shown to consume mosquito larvae but there is little evidence of effective
control of pest mosquitoes produced from large wetlands. Notwithstanding the
natural introduction of fish into these habitats, macroinvertebrate predators will
colonise constructed wetlands and, over time, will assist in maintaining mosquito
populations to tolerable levels.
The ‘mosquitofish’ Gambusia holbrooki was introduced to Australia from North
America at the beginning of the 1900s and has since spread to most of the
waterways in Australia. The species has been implicated in significant adverse
impacts on aquatic native fauna, particularly fish and amphibians. A number of native
fish have been identified that may be appropriate for mosquito control in Australia, in
particular Pseudomugil signifer (Pacific Blue-eye). However, the frequently polluted
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water of urban wetlands and proliferation of G. holbrooki limits the likely success of
native fish for mosquito control.
Adulticides & barrier treatments
Although there are insecticides registered with the APVMA for use against adult
mosquitoes (e.g. Maldison, Chlorpyrifos and Permethrin), these products are not
effective for the control of mosquitoes over a large area, can be expensive and may
have substantial non-target impacts. As a result, the use of adulticides is not
recommended as a long-term, routine strategy to reduce mosquito impacts.
A recently proposed mosquito mitigation strategy is the use of barriers treated with a
residual insecticide, bifenthrin. Bifenthrin is a contact poison with high insect toxicity
but low mammalian toxicity and provides a residual layer of pesticide that kills
landing and/or resting mosquitoes. It is currently registered for the control of
mosquitoes and biting flies around dwellings as a control agent for treating mosquito
resting places (internal & external areas of domestic, commercial, public and
industrial buildings). Initial field trials have shown positive results with a reduction in
mosquito abundance observed where the product has been applied.
In recently years, insect “misting” devices have become popular. These systems
typically involve the installation of a network of automated insecticide emitting
devices connected to central reservoir of control agent. The efficacy of these
systems has not been demonstrated for residential areas close to estuarine wetlands
in NSW. However, as with other non-specific insecticide use, it should be expected
that there will be non-target impacts.
Domestic mosquito traps and other devices
A number of commercial trapping units are available that utilise attractants (e.g. light,
heat, carbon dioxide, odour) to draw in and catch or kill adult mosquitoes. There are
many different types of units available and, while many will collect mosquitoes, there
is no quantitative evidence that they can significantly reduce nuisance biting impacts
in areas close to productive breeding habitats. Units that use light alone to attract
mosquitoes (e.g. Blue light electrocutors) have been shown to have little impact on
nuisance biting rates and often kill many more harmless insects than mosquitoes.
The units that use carbon dioxide as the main attractant may offer some limited
protection but a network of multiple traps would probably need to be employed to
protect the residential and/or recreational areas from exposure to mosquitoes and
there is no information available in Australia regarding the design of effective
trapping networks. Given the proximity of productive mosquito habitats, it is unlikely
that domestic mosquito traps will be capable of significantly reducing localised
mosquito populations or minimizing the nuisance biting impacts.
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There is a range of ‘sonic repeller’ units commercially available ranging from small
battery operated key chain devices to large units that plug directly into power points.
The general principal is that female mosquitoes are repelled by sound of the male
mosquito wing beats as they avoid multiple matings. However, there is no scientific
basis to these claims and scientific trials have repeatedly shown that these units are
not effective.
There are a number of electronic units available (for both indoor and outdoor use)
that release insecticides from slow release mats or liquids. These units can be very
effective as the pyrethroids (e.g. allethrin) kill mosquitoes rather than simply repelling
them. Alternative products, particularly ‘coils’ and ‘sticks’, containing natural products
such as tea tree oil or citronella will only repel mosquitoes and are not as effective.
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