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3 BACKGROUND

Mosquitoes are not only nuisance biting pests but also have the potential to spread disease-causing
pathogens such as Ross River virus and Barmah Forest virus. However, mosquitoes are also an
important component of the wetland ecosystem, providing food for some birds, bats, amphibians,
fish and macroinvertebrates. The management and control of mosqguitoes is a major concern for
local authorities but strategies should be employed that minimise adverse impact on the
environment.

The Lower Hunter and Mid-North coast of NSW is predicted to undergo significant population
growth over the next 15 years. The rapidly increasing residential population, combined with ever
increasing tourism in the region, will raise pressures for expanding urbanisation and is likely to
increase the contact between people and mosquitoes. The habitats from which mosquitoes are
produced represent local, state, national and internationally important wetland habitats for a range
of floraand fauna

There are many different types of mosquito, each closely associated with particular habitats and
representing a range of nuisance and public health risks. Mosquitoes are, however, an integral part
of the environment and, regardless of the control strategies implemented, mosquitoes will always be
active locally during the warmer months.

In 2002, a mosquito management plan, ‘Hunter Estuary Integrated Mosquito Management Plan’,
was compiled but never officially adopted by local authorities. While that document provided useful
information on local mosguito species and mosquito control options, this current management plan
supersedes that document and provides the basis for mosquito management in the Lower Hunter
and Mid North Coast Region of NSW.

In considering the various organisational policy positions within the consortium, environmental
values and a range of statuary provisions relevant to estuarine mosquito habitats, the consortium
considers that education, supported by sound information and data, will be the favoured
management approach.

4 SCOPE OF MANAGEMENT STRATEGY

Coordinated by the Premier’s Department, Hunter, this mosguito management strategy has been
developed to assist the local authorities, including Newcastle City Council, Port Stephens Council,
Lake Macquarie Council, Great Lakes Council and Maitland Council, as well as local agencies
including the Hunter-Central Rivers Catchment Authority, Department of Primary Industries (NSW
Fisheries), Hunter New England Health and Department of Environment and Conservation
(National Parks and Wildlife), better understand and communicate the issues surrounding
mosquitoes and their management to a range of stakeholders, including politicians, the wider
community, the media, planners, educators, government authorities and natural resource managers.

The area covered by this management strategy covers over 5,500 sg. km and includes the Great
Lakes, Port Stephens, Maitland, Newcastle and Lake Macquarie local government areas (Figure 1).
While it is not possible to provide detailed, site specific management strategies for all actual and
potential mosquito habitats within the region, this strategy has been designed to provide important
and relevant information on the biology, ecology and pest status of mosquitoes known in the region
and an overview of the most important issues influencing mosguito management in general.
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Figure 1. The Lower Hunter and Mid-North Coast region of NSW covered by this document

including the Local Government Areas of Lake Macquarie, Newcastle, Maitland, Port Stephens and
Great Lakes.
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5 MOSQUITO BIOLOGY

Mosquitoes are small blood sucking insects that belong to the family of flies called Culicidae
(Order Diptera) and within Australia there are more than 300 different species. Each of these
species is closely associated with particular habitats, and the nuisance and public health risks vary
markedly between species, but overall they have similar biological requirements.

Mosquitoes have a relatively short but complex life cycle consisting of eggs, four aquatic larval
stages (instars), an agquatic pupal stage and a terrestrial adult stage (Figure 2). Mosquitoes are
dependent on water, with the immature stages being totally aquatic, and without access to free-
standing water of some kind the larvae cannot complete their development to the adult phase.
Larvae cannot develop out of water or in damp mud, soil or vegetation. However, adult mosguitoes
do take refuge in dense vegetation in bushland or in long grass, and the abundance of mosquitoes
encountered in these refuge habitats often leads to the misconception that these dry areas are
producing the mosguitoes.

i i
F S "
i g 2nd instar larvae
iy

Ath instar larvae il

3rd instar larvae

Figure 2. Thetypical lifecycle of a mosquito including eggs, four larval instars, pupae and adult.
A gravid adult female mosquito will typically lay eggs either on the water surface (usually in the
form of a floating raft) or on a frequently inundated substrate (usualy singularly or in small
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groups). These ‘oviposition sites may include soil or vegetation at the edge of a wetland, soil or
leaf litter where temporary pools form after rainfall, or the inside of water holding containers (eg.
tins, tyres etc).

While some mosguito eggs (usually those laid by Aedes or Verrallina species) can be desiccation
resistant, 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 aguatic
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 aguatic invertebrates. The final larval stage (4™ instar) develops into a pupa (commonly called a
tumbler) from which the adult mosquito emerges approximately 2 days later. The length of larval
development is dependent on water temperature (and thus is usually shorter during the warmer
months of the year) and the availability of food, but generally is about one to two weeks from the
hatching of eggs 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 mosquitoes 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. Many mosqguitoes do not
travel far from breeding habitats. However, there are some species that can fly up to and beyond
five kilometres, and a few species will disperse up to 50 kilometres downwind from the larval
habitats.

Within their lifetime, both adult male and female mosquitoes will feed on nectars and other plant
sugars, to provide an energy resource, but it is only the female that will seek a blood meal. The
blood meal is required to provide protein for egg development. While many mosguitoes are
generalist feeders, some specialise in feeding on humans, mammals, birds or amphibians. The * host
seeking’ behaviour of female mosquitoes is driven by a combination of different stimuli including
carbon dioxide, body odours, and body heat/humidity. Upon locating a suitable host, the female will
probe the skin for a blood capillary then inject a small amount of saliva containing chemicals that
prevent the blood from clotting. This is often the pathway for potential pathogens such as viruses to
enter a host. After engorging on the host's blood the female will find a resting place to digest her
meal and develop eggs before flying off to deposit them in a suitable habitat. On average, most
mosquitoes will lay up to 3 batches of eggs in their lifetime.
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6 MOSQUITO POPULATIONSOF THE LOWER HUNTER & MID-
NORTH COAST REGION OF NSW

6.1 Scientific namesand common names

There has been some debate over recent taxonomic revisions of mosquito species in the genus
Aedes. The sub-genus had been elevated to genus status for many species (for example, Aedes
vigilax is now called Ochlerotatus vigilax). For this reason, literature references may refer to either
name and care should be taken when reviewing publications. For the purpose of this document, the
genus name Aedes was retained.

Common names have been assigned to the more important species of pest or public health concern
or of notable appearance. However, the same species may be known by a number of different
common names in different places; therefore, to avoid confusion, all mosquito species will be
referred to by their scientific names in this document.

6.2 Mosquito species

Mosquito monitoring has been undertaken in the Lower Hunter and Mid North Coast (including
traps sites in the Newcastle, Port Stephens and Great Lakes local government areas) as part of the
NSW Arbovirus Surveillance and Mosquito Monitoring Program (Appendix 1). In addition, The
Hunter-Central Rivers Catchment Management Authority has undertaken mosquito monitoring in
the wetlands of Kooragang Island, Hexham Swamp and Tomago (Appendix 2). These two
monitoring programs have provided extensive information on the diversity of the mosquito fauna
and abundance of major pest species.

There are over 30 mosquito species recorded from the greater Lower Hunter and Mid-North Coast
region (Table 1) with the most commonly recorded mosquitoes being Aedes vigilax, Aedes
multiplex, Aedes procax, Aedes notoscriptus, Coquillettidia linealis, Culex quinguefasciatus and
Culex annulirostris. A list of these common species and those that pose significant nuisance biting
and/or public health risks, with their seasonal activity and breeding habitat is presented in Table 2.

Generally, the most important species can be grouped into one of four categories based on their
preferred larval habitat type. These four habitat based classifications are: Estuarine, Freshwater,
Floodwater, and Urban. There are some species that may be found in two or more of these
categories but generally there will be one habitat type in which they are most commonly found.

The relative abundance of these four mosquito groups varies across the region (Figure 3). This
variation is due to a number of factors, but most important is the availability of larval habitat. In
some locations, the estuarine mosquitoes are the most significant pest species, but in areas where
freshwater habitats or urban environments become more dominant, the relative importance of each
mosquito group will change. This spatial diversity in the mosquito fauna across the region requires
aflexible strategy for mosquito management.
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Table 1. The mosquito species recorded from the Lower Hunter and Mid North Coast as part of the
NSW Arbovirus Surveillance and Mosquito Monitoring Program 1989-2005.

Species Taree Forster  |Port Stephens| Newcastle!

Aedeonmyia venustipes (Skuse) +

Anopheles annulipes Walker

Anopheles atratipes Skuse

+ [+ [+
+ [+

Anopheles stigmaticus Skuse

Anopheles amictus

Coquillettidia linealis (Skuse)

+

Coquillettidia variegata (Dobrotworsky)

Coquillettidia xanthogaster (Edwards)

Culex annulirostris Skuse

Culex australicus Dobrotworsky & Drummond

|+ [+ [+ [+ ]+
+ [+ [+ [+

Culex bitaeniorhychus Giles

o ) o o o) ) ) ) o )

Culex cylindricus Theobald

o o o R R R R B

Culex edwards Barraud

+

Culex halifaxii Theobald

+

Culex molestus Forskal

+
+
+

+
+

Culex orbostiensis Dobrotworsky

+
+

Culex postspiraculosus Lee

Culex pseudomel anoconia Theobald

Culex guinguefasciatus Say

+

Culex dtiens Weldemann

Culex squamosus (Taylor)

Culex sp. N0.32 of Marks

+ [+ [+ [+ [+

Culiseta antipodea (Dobrotworsky)

Culiseta inconspicua (Leg)

Mansonia uniformis (Theobald)

Mimomyia elegans (Taylor)

Aedes alternans (Westwood)

+ [+ [+ [+

Aedes aculeatus (Theobald)

Aedes alboannulatus (Macguart)

[+ [+ [+ [+ [+ ]+

Aedes audralis (Erichson)

Aedes bancroftianus Edwards

Aedes burpengaryensis (Theobald)

Aedes camptor hynchus (Thomson)

R o o ol o o) I I I I B R R I ) I B R Y

Aedes flavifrons (Skuse)

+

Aedes gahnicola Marks

+

Aedes imperfectus Dobrotworsky

Aedes kochi (Donitz)

Aedes mallochi Taylor

+

Aedes multiplex (Theobald)

+
+

+ [+ [+ [+
4 [+ [+ [+ [+ [+ [+ [+
+

+
+

Aedes notoscriptus (Skuse)

Aedes palmarum Edwards

+
+

Aedes procax (Skuse)

Aedes rubrithorax Belkin

+

Aedes theobaldi (Taylor)

+

Aedes vigilax (Skuse) +

+ [+ [+ [+ ]+

Aedes vittiger (Skuse) +

Aedes sp. Marks No. 51

+ [+ [+ [+

+
+
+

Toxor hynchites speciosus (Skuse)®

+

Tripteroides atripes (Skuse) +

Uranotaenia pygmaea Theobald

Uranotaenia nivipes (Theobald)

Verrallina funerea (Theobald) + +

+ [+ [+ [+

Verrallina sp. Marks No. 52' + + +

Total number species 37 40 47 23

T Includes species collected in NSW Arbovirus Surveillance and Mosquito Monitoring Program and Hunter-Central Rivers Catchment Management
Authority Mosquito Monitoring Program. % This speciesis not collected in traditional adult mosquito traps but isknown to exist in the local area.
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Table 2. Larval habitat, pest status, distribution and period of peak activity of the most common
mosquitoes known to occur in the Lower Hunter and Mid North Coast region of NSW.

Mosquito Species Larval Habitat Pest status Distribution Activity
An. annulipes Pa’mapoert::fccgizrqnsvoartaerry fresh Rarely amajor pest S[.\IAS\AI\/ITQ{;V[,)A\'/I'IES Nov - Apr
Ca. linealis Permanent freshwater BS:Q%PrTghﬂboﬁo S[.\IAS\AI\/ITQ{;V?A\'/I'IES Nov - Mar
Cx. annulirogris Permar;isth%\lgte;nporary Major b\i/g(r;lt%rpeﬂ and NSS\A{V,’ S.IFDWXIC Jan - Mar
Cx. australicus Permar;isth%v;te;nporary Does not bite humans Sl\,i\svlil/TQ\ll_vDA \.f.fs Sep - Feb
Cx. halifaxii frﬁeglnvlﬁg]%rilfﬁrﬁ)tzﬂgs Not a known pest NSW, QLD, NT Dec - Apr
Cx. molestus Polluted freshwater ing’gggggﬂ%ﬁrs NSW, VIC, TAS | Nov - Apr
Cx. quinquefasciatus Polluted freshwater ingﬂgg atr):S T)%t%?;)rs NS\SX (NDITI_DW\'/AI < Sep - May
Cx. sitiens Semi-perm. estuarine BS:Q%PrTghﬂboﬁo NSW’V?/IAD’ NT, Feb - Apr
pedtarars | OO/ Sares | Blingpetdzeio | NGO, | v
Ae. multiplex Temp?:gv?;ta;kim & ngggdf’gh‘iboﬁo NSW, VIC, QLD | Nov - Apr
Ae. notoscriptus Domestic containers Major b\ilggt%rpest and [\Q..IAS\AI/\I'I('DI;/\[/)AV'II'SS Sep - May
Ae. procax Temporary \ths:r to brackish Potmtialvtigr;? pest and NSW, VIC, QLD Dec- Apr
Ae. vigilax Temporary estuarine Major b\i/ggt%rp)eﬂ and NS\SX (N?EI_DW\Q < Nov - Apr
Ve. funerea Temp?:gv?;ta;kis" & Major b\i/ggt%f’a ad | NSW, QLD NT | Dec- Apr
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B | loodwater mosquitoes

Freshwater mosquitoes
[ 1 Urban mosquitoes

[ Estuarine mosquitoes

Newcastle Hexham / Kooragang Island

Figure 3. Proportion of four mosquito categories, Floodwater Mosquitoes, Estuarine Mosguitoes,
Freshwater Mosguitoes and Urban Mosguitoes, at four locations within the Lower Hunter and Mid-
North Coast region of NSW.
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6.2.1 Estuarine mosquitoes

The estuarine wetlands provide larval habitats for only a small number of mosquito species.
However, amongst these species are significant nuisance biting pests and potential vectors of
arboviruses.

8 Aedes vigilax is a dark, medium sized mosquito with pale bands on the legs (Figure 4). 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 such as flooded
sedgelands and forests (eg. Casuarina spp. and Melaleuca spp.). Eggs are laid at the base of
vegetation and/or on damp soil and can 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, and the adults can disperse great distances (> 10 km) from breeding habitats.
The species is a severe nuisance hiting pest and major vector of arboviruses.

§ Aedes alternans is a very large, sandy coloured mosquito commonly known as The Hexham
Grey or Scotch Grey (Figure 5). The larvae of this mosquito are predatory on other mosquito
larvae and aguatic invertebrates. Although this species causes significant nuisance biting close
to breeding habitats, it is not considered an important arbovirus vector. Population increases
of this species are linked to the same tidal and rainfall inundations that trigger increases in
Ae. vigilax populations, consequently, the abundance of Ae alternans is usually
overshadowed by Ae. vigilax beyond some particular localities.

§ Culex sitiensis adark, medium sized mosquito, usually abundant during the late summer and
early autumn. The larvae of this species are commonly found, often in large numbers, in
permanently inundated saline to brackish habitats, including saltmarsh and mangrove habitats.
This species does not disperse far from breeding habitats and is not considered a significant
pest or vector.

Figure 4. The Satmarsh Mosquito, Aedes
vigilax. This speciesis closely associated with
estuarine wetlands with population increases
triggered by inundation of saltmarsh and
mangrove habitats by high tides and rainfall.
This species is the major nuisance biting pest
and vector of arboviruses along the NSW coast.
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Figure 5. The Hexham Grey (or Scotch Grey)
Mosquito, Aedes alternans. Thisis one of the
largest and most conspicuous mosquitoes in the
region due to the distinctive sandy/orange
coloured body. The larvae of this species prey
on larvae of other mosquito species and the
adults can be major biting pests.

6.2.2 Freshwater Mosquitoes

There are a large number of mosquitoes that are associated with freshwater wetlands in the Lower
Hunter and Mid North Coast. However, many of these species are found in low numbers or do not
bite humans and are not considered significant pests. In coastal areas of NSW, the importance of
freshwater mosquitoes is often overshadowed by the abundance of estuarine mosquitoes. However,
within the region, there are mosquitoes associated with freshwater habitats that should be
considered to be potentially significant pests.

§ Culex annulirogtris is a medium sized, light to dark coloured mosquito with a banded
proboscis (Figure 6). This species is the major nuisance biting and vector species throughout
inland areas of NSW, particularly in the major river basins and irrigation areas. Larvae are
commonly collected from a range of freshwater habitats from flooded grasslands to
permanent, well-vegetated wetlands. While the importance of this species is generally
overshadowed by estuarine mosquitoes in coastal areas, this mosquito is becoming of greater
concern as constructed freshwater wetlands are increasingly incorporated into urban
developments along the NSW coast.

§ Coquillettidia linealis is a medium sized, dark mosguito with golden scales on the thorax
(Figure 7). This species is common along the NSW coast and, while it is generally not a
serious pest, there is the potential for this species to be an occasionally significant nuisance
biter although little is known of its role in arbovirus transmission. The larval biology of this
species differs markedly from most other mosqguitoes in the region. The larvae have a
modified siphon that, instead of connecting to the water/air interface to breathe, attaches to
the roots and/or stems of aquatic vegetation to obtain air. The larval developmental period is
temperature dependent and may be as long as many months. In the Hunter region of NSW, it
is thought that the species has two major peaks of abundance, one in early spring and another
in mid-Summer.

8 Culex australicus is a medium sized, light to dark coloured mosguito and may be abundant in
the Hunter region during spring and autumn. However, while the abundance of this species
may occasionally be high, there is no risk of nuisance biting or arbovirus transmission as this
mosquito generally does not bite humans and prefers biting birds and smaller mammals.
However, asthis species is associated with the same types of habitats as Cx. annulirostris, the
abundance of this species during the Spring and early Summer may assist the identification of
potential ‘ hot spots’ for Cx. annulirostris production.
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Figure 6. The Freshwater Mosguito, Culex Figure7. Coquillettidialinealisisa potential
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and public health risk. development period of many months and
attaches to the roots of aquatic vegetation.

6.2.3 Floodwater Mosguitoes

This group of mosquitoes can often be significant pests but population increases are highly
dependent on both the quantity and temporal distribution of rainfall. The major habitats for these
species are usually ground pools in bushland areas or low-lying woodland or sedgeland habitats.

8 Anopheles annulipes is a medium sized mosquito with a spindly appearance and speckled
grey colouration (Figure 8). 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 populations are high and is not considered an
important vector of human disease. Although this species has been shown to be a vector of
malaria, there is no concern regarding the transmission of malaria in the Lower hunter and
Mid North Coast.

8 Aedes multiplex is a small dark mosguito with a golden band across the thorax (Figure 9). The
larvae of this species are usually associated with ephemeral ground pools, both freshwater and
brackish water habitats, particularly in Casuarina and Melaleuca forests. This species is
generally not considered a major pest as it does not disperse far from larval habitats.
However, as urban development encroaches on the larval habitats, the relative importance of
this species is thought to be increasing. There is little information available on the role this
mosquito may play in arbovirus transmission.

8 Aedes procax is a small to medium sized brownish mosquito with banded legs. The larvae of
this species are found in freshwater and (mildly) brackish ground pools in bushland or heath
land habitats. Like Ae. multiplex, this species is generally not considered a major nuisance
biting or public health risk, but in the Hunter region it is occasionally found in high numbers,
arboviruses have been isolated from specimens collected in the region and it may be an
important pest in areas close to larval habitats.
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Verrallina funerea is a 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.

Figure 8. Anopheles annulipes belongs to
the same group of mosquitoes that
transmit Malaria in other parts of the
world. Although this species can be a
nuisance-biting pest, there is no serious
public health risks associated with this
speciesin the region.

Figure 9. Aedes multiplex has a distinct
appearance with a golden band across the
thorax. This species is usually associated
with ephemeral ground pools.
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6.2.4 Urban mosguitoes

Urban mosguitoes have the potential to cause severe nuisance biting and public health impacts due
to the proximity of their larval habitats to human habitation. The larval habitats of these species are
typically man-made and range from small water holding containers such as pot plant bases, tins,
cans and bird baths, to large water and septic tanks, as well as stormwater structures such as gross
pollutant traps, drains and sullage pits.

An understanding of these mosquitoes is crucial for the management of nuisance biting impacts as
some of these species may be responsible for serious biting within residential areas close to natural
or constructed wetlands but will not be directly associated with the wetlands. It is important for the
dissemination of information regarding mosquito management that the impacts from urban
mosquitoes are disassociated from the mosquito populations produced from wetland areas.

The most important mosquitoes in the Lower Hunter and Mid North Coast region that can be
classified as urban mosquitoes include:

8 Aedes notoscriptus is a small to medium sized mosquito with conspicuous dark with pale
banded legs and a silver to golden ‘lyre’ shaped pattern on the thorax (Figure 10). This
mosquito is often a severe nuisance pest, usually biting in the early afternoon and at dusk, and
is one of the most common pest species in urban areas. The species has been implicated in the
transmission of some arboviruses as well as dog heartworm. The larvae are usually associated
with small water holding containers around dwellings such as tins, pots, ornamental ponds,
roof guttering and tyres, as well as water holding plants (eg. bromeliads) and tree holes.

§ Culex quinquefasciatus is a medium sized pale brownish mosquito and another very common
pest species in urban areas, usually biting indoors at night, but it is generally not considered to
be involved with transmission of pathogens. The larvae of this mosguito are usually
associated with, but not limited to, habitats with a high organic content such as drains, sullage
pits, septic tanks and other water holding and water storage areas. This mosquito may also be
associated with constructed freshwater wetlands, including the water management structures
(such as gross pollutant traps and drains) and the wetland itself.

§ Culex molestus is another medium sized pale mosquito commonly found in polluted habitats
within urban areas. The mosquito can be a significant nuisance biting pest indoors a night,
and can be active all year round, particularly close to larval habitats such as sullage pits,
septic tanks and highly organic ground pools.

§ Toxorhynchites speciosus is not a commonly encountered mosquito in urban areas. The adult
mosquito is large, has a bent proboscis and does not bite humans, feeding entirely on plant
juices. The larvae of this species are predatory, feeding on other common urban species such
as Ae. notoscriptus and Cx. quinquefasciatus in water holding containers (eg, tyres, watering
cans, buckets etc).
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Figure 10. The domestic ‘container
breeding’ mosquito, Aedes notoscriptus, is
common throughout the urban environments
of the region. This species is associated with
a range of natural and artificial water
holding containers.

6.2.5 Important pest mosquitoes from outside the region

While not known to occur in the region, there are two exotic mosguitoes, Aedes aegypti and Aedes
albopictus that should be made known to local authorities. These mosquitoes are most likely to
occur infor around the shipping port or arport, and surveillance programs by the Australian
Quarantine Inspection Service (AQIS) are designed to detect incursions of such exotic mosquitoes.
If unusual mosquito larvae are found in water holding containers (in particular tyres) within the
local area, particularly close to Newcastle Port, specimens should be sent to AQI S for identification.

8 Aedes aegypti is a day-biting mosquito and, as well as a nuisance biting pest, is a vector of
Dengue viruses in north Queensland. A Dengue Fever Management Plan for North
Queensland was developed to manage the public health risks through disease surveillance,
mosquito surveillance and control, and community education. Originating from Africa, there
are historical records of this species from various parts of Australia (including NSW) but the
species is now mostly restricted to Queensland in areas north of Townsville, with occasional
interceptions at international ports in various states. The larvae may be found almost
exclusively in man-made, water-holding containers such as tins, bottles, tyres, water-barrels,
rainwater tanks and wells, and can even be found breeding in smaller containers such as vases
inside houses and other buildings.

8 Aedes albopictus, the Asian Tiger Mosquito, is a significant pest species and a secondary
vector of dengue viruses. It has a natural range throughout eastern and southeastern Asia, but
over recent decades has become established in the Pacific, North and South America, Africa
and parts of Europe. Although originally a forest species, Ae. albopictus has become closely
associated with human environment and, as well as natural containers such as tree holes, plant
axils & bamboo stumps, the species exploits a wide range of water holding containers
associated with human habitation. Concern for the introduction of Ae. albopictus to mainland
Australia has increased following the recent discovery of newly established populations of the
species on Torres Strait islands, with the mosquito presumably having been introduced from
Papua New Guinea.

These two species, Ae. aegypti and Ae. albopictus, are not currently known to exist in New South
Wales but the importation and establishment of these speciesis possible, and it is important that the
appropriate steps are taken by the authorities to intercept any incursions of these species into the
local region.
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6.2.5.1 Therole of the Australian Quarantine and I nspection Service. (AQIS)

AQIS performs vector monitoring and control within and around international airports and seaports
as recommended under World Hesalth Organization’s (WHO) International Health Regulations (IHR).

Vector monitoring and control activities are undertaken within a protective zone of at least 400m (this
zone surrounding the Port of Newcastle is shown in Appendix 3) around airports or seaports, so that
all quarantine risk posed by vessels and aircraft is minimised. AQIS monitors the areas within these
zones for target mosguito species using ground surveillance and trapping activities. AQIS also
ingpect all foreign vessels for presence of exotic mosquitoes and potential breeding sites on arrival at
their first port of call in Australia

Mosquito species targeted by AQIS fall into two categories — import and export species. |mport
species are those that, if introduced to Australia, could prove damaging as vectors of human disease.
These include Aedes albopictus and Ae. aegypti. Export species are those that, if exported overseas,
have the potential to vector diseases not present previously in a particular country. Major export
species in the Lower Hunter region are Aedes vigilax, Anopheles annulipes and Culex annulirostris.

6.2.5.2 Therole of the Ports Mosquito Management Group.

This group was formed to assess and implement control strategies in relation to the Quarantine Act
1908 for Proclaimed Port and Airport environments in Newcastle.

The group is working towards a co-ordinated approach to monitoring, reporting, information flow
and control strategies in the form of a partnership that clearly demonstrates the agreed roles of each
of the partners and other stakeholders, and ensures that all necessary measures and actions are in
place to protect the community.

The group consists of representatives from Newcastle Port Corporation, Newcastle City Council, Port
Stephens Shire Council, the NSW Premiers Department, Hunter New England Health, Newcastle
Airport, RAAF Williamtown, the Regional Land Management Corporation and the Australian
Quarantine and I nspection Service.

6.3 Climate change and mosquitoes

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 (For more information
on these two mosquito-borne diseases see Section 8.2). 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.

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) of the Lower Hunter and Mid North
Coast region. Assessing the impact of climate change is a complex process (with much debate
surrounding the potential magnitude of temperature, rainfall and sea level change, if any) but the
pest and public health impacts of mosguitoes in the future may be determined as much by
urbanisation and wetland management strategies as any change to the climate of the region.
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6.4 Insectscommonly confused with mosquitoes

During the summer months there may occasionally be large populations of flying insects in the
region that can be commonly mistaken for mosquitoes.

There are likely to be a number of non-biting flying insects produced from the wetlands including
other species of Diptera (e.g. Chironomids and Crane Flies) that may be attracted to lights in and
around dwellings and can often be confused for mosguitoes. While these insects may cause a mild
nuisance when populations are high, there are no serious pest or public health impacts to be
expected.
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7 THE ECOLOGICAL ‘PLACE’ OF MOSQUITOES
7.1 Aremosquitoesjust pests?

Mosquitoes are small but incredibly complex organisms that have evolved to exploit even the tiniest
of environmental niches. Mosquitoes have adapted their larval and adult morphology, ecology,
physiology, and life cycles to suit a diverse range of environments. While some mosquitoes have
adapted to the hypersaline conditions of saltmarsh habitats, others exploit small quantities of water
inside tree holes or the leaf axils of tropical plants. The larval development of some mosguitoes can
be completed in less than a week to take advantage of small ephemeral ground pools, while other
species have a prolonged larval development lasting many months in more permanent habitats.

Mosquitoes have developed highly sophisticated sensory organs that can detect subtle differencesin
the chemical and physical cues of potential hosts, and some prefer blood meals from a single animal
group while others mosquitoes are more generalist host seekers.

While mosquitoes are well known as potential biting pests and vectors of disease, only relatively
few mosqguitoes pose a serious risk to humans. There are many species of mosquito that rarely come
in contact with humans, due to their relatively low abundance or limited dispersal from larval
habitats. Many mosquitoes do not seek out a blood meal from humans at all, preferring to take
blood from other mammals, birds or frogs.

7.2 Mosguitoes and aquatic ecosystems

There is very little published information available on the role of mosguitoes in freshwater and
estuarine wetland ecosystems. However, like many other aquatic invertebrates, mosquito larvae
provide food for predators while assisting nutrient recycling. Mosquito larvae feed on detritus and
other organic material in the water and are a food source for aguatic organisms including fish and
some macroinvertebrates. It is unlikely that any vertebrate or invertebrate predator relies solely on
mosquito larvae but, particularly when larvae are present in large numbers, they can represent a
commonly consumed prey item. The larvae of some mosquito species (e.g. Ae. alternans and
Cx. halifaxii) have specialised mouth parts and are predatory on other mosquito larvae and various
aquatic macroinvertebrates.

As well as providing prey for aquatic predators, mosquito larvae may be an important source of
food for wading birds. Many species of wading bird have been observed undertaking feeding
behaviour within known mosquito habitats and, although there are often alternative prey available
(e.g. bottom dwelling chironomid or chaoborid larvae) and there is no evidence to suggest that these
birds selectively feed on mosquito larvae alone as a primary food source, it is likely mosquitoes are
commonly consumed.

7.3 Mosguitoesand terrestrial ecosystems

Adult mosquitoes provide food for arange of terrestrial invertebrates, birds, mammals, amphibians
and reptiles as well as playing a role in the pollination of some plants (particularly the male
mosquitoes that feed exclusively on plant juices). Quantifying the role of mosguitoes in food chains
is difficult but given that they have a short life span and dramatic fluctuations in abundance, they
may simply represent ‘snack food for many animals rather than a regular food source. However,
while there is no evidence that any animal specifically relies on mosquitoes alone, the large
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abundance of mosquitoes on occasion may provide important nutritional boosts to juveniles or
migratory birds prior to departure from wetland habitats at the end of summer.

Studies in the Lower Hunter and Mid North Coast region have shown that a number of bat species
exhibit foraging behaviour above saltmarsh habitats and, given the local abundance of mosquitoes,
it is likely that they form a major component of the bat’s diet during these periods. It is difficult,
however, to determine the relative importance of mosquitoes to each animal group and the
preferences these insectivorous predators have for mosquitoes or other insects. Studies with frogs
and spiders have indicated that for these groups, larger animals tend to favour the consumption of
smaller quantities of larger prey (e.g. moths) rather than large quantities of small prey (e.g.
mosquitoes), but further studies are required to identify and quantify these and other relationships.

7.4 Ecological effectsof mosquito control programs

There is strong evidence (from both laboratory and field trials) indicating that the currently used
mosquito control agents in Australia have very few non-target impacts when used according to
application recommendations (see Section 11). However, there are few published studies that have
investigated the indirect impact to the wider environment of an ongoing significant reduction in
adult mosquito populations resulting from a broad scale mosquito control program. Without long-
term studies, or quantitative studies identifying the relative importance of mosquitoes as specific
components of the ecosystem (e.g. as a food source, pollinator or nutrient recycler), it is difficult to
accurately assess the indirect environmental impacts of mosquito control programs.
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8 NUISANCE BITING AND PUBLIC HEALTH RISKSOF MOSQUITOES

Notwithstanding the severe nuisance biting impacts of mosquitoes, there are several important
human diseases transmitted throughout Australia by mosquitoes, including Dengue fever, Murray
Valley encephalitis, Ross River virus disease and Barmah Forest virus disease. Malaria is a serious
health concern in many parts of the world, but in Australia in recent decades it has been rarely
transmitted and only in the far north of Queensland. These nuisance and public health risks can
have wide ranging impacts on the community, and vary with location as the mix of mosquito
species and presence of mosquito borne pathogens varies. An understanding of the vectors and
arboviruses in the local area is crucial for an assessment of these risks and the selection of
appropriate management strategies.

8.1 Nuisance biting

There are strong indicators that nuisance biting alone can have negative impacts on the standard of
living in the community as well as having economic impacts on residential, recreational and tourist
developments. It is extremely difficult to quantify the impact of nuisance biting as the tolerance
level of individuals varies substantially and is often dependent on the extant mosquito populations
and previous experiences.

The greatest difficulties lie in determining what constitutes a nuisance biting problem. While a
small population of domestic species such as Ae. notoscriptus may cause substantial problems in
some areas, the impact of these populations would be significantly overshadowed by large
Ae. vigilax populations in areas close to estuarine wetlands.

There are many mosquito species known to bite humans in the Lower Hunter and Mid North Coast
but the most significant pest is Ae. vigilax, with Cq. linealis, Cx. annulirostris, Ae. alternans,
Ae. multiplex and Ve. funerea all likely to cause moderate impacts on occasion or in specific areas
closeto larval habitats.

The nuisance impacts of Ae. vigilax are considered significant as this species is a day and night
biting mosquito and capable of substantial increases in population size. The adults can disperse
great distances from larval habitats and, although the relative abundance of this mosquito will
decrease with distance, some pest impacts can be experienced over at least Skms from estuarine
wetlands.

The most effective measure of potential nuisance biting impacts is routine adult mosquito sampling
that enables a comparative measure of mosquito abundance during and between mosguito ‘ seasons .

8.2 Public health risks

Nuisance biting impacts from mosquitoes can have serious impacts on the community. However, a
more serious risk is that to personal and public health through the transmission of disease-causing
pathogens by mosquitoes.

The mechanisms involved in the transmission of vector-borne disease can be complex and vary with
both the mosquito species and pathogen. When a mosquito bites a bird or mammal infected with an
arbovirus it takes in a small amount of blood, which may contain virus. If the mosquito species is
susceptible to infection with the virus, the virus will move through the body of the mosquito from
the gut wall to the salivary glands. If the salivary glands become infected, the mosguito can pass on
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the virus when it injects saliva during blood feeding. This process of virus infection is called the
incubation period and can take between 3 and 12 days to complete, depending on virus type,
mosquito species and temperature. The mosquito will not be able to transmit the virus until the
salivary glands are infected. The biological processes involved in producing an infective mosquito
are very specific and that is why only arboviruses are transmitted by mosquitoes and not other
viruses such as influenza, measles, hepatitis and HIV that are degraded by the digestive process of
the mosquito.

The NSW Arbovirus Surveillance and Mosquito Monitoring Program has isolated arboviruses such
as Ross River virus and Barmah Forest virus from mosquitoes collected in the Lower Hunter and
Mid North Coast Region (Table 3).

8.2.1 RossRiver virus and Barmah Forest virus

Ross River virus (RRV) and Barmah Forest virus (BFV) are the most common disease-causing
pathogens spread by mosquitoes in Australia. There are, on average, approximately 4,000 and 600
human cases of RRV and BFV, respectively, per year across Australia.

While the symptoms 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, with samples being taken during
the acute and convalescent phases of the illness, and a fourfold rise in antibody levels will confirm
the clinical diagnosis. Under the NSW Public Health Act 1991, both viruses are classified as a
notifiable infectious disease.

The numbers of human notifications from the Hunter Area Health Service have fluctuated over the
last nine years with a combined (RRV + BFV) average of 75.5 notifications per year (Table 3). The
number of notifications is greatest in May and June (Figure 11). The notification rates of these two
arboviruses are generally lower in more urbanised areas of NSW, as habitats capable of producing
substantially large mosquito populations are low, as is the abundance of suitable animal hosts.

The transmission cycles for RRV and BFV generally require the presence of suitable reservoir
hosts. Mosquitoes take a bloodmeal from a host carrying the virus and the virus disseminates
throughout the mosquito’s body until the salivary glands are infected. The mosquito is then capable
of infecting a person when saliva is injected while blood feeding. As it takes between 5-10 days for
a mosquito to become infective, adult mosquitoes must live long enough following initial infection
to pose a health risk. Serological studies and laboratory investigations have indicated that native
mammals (in particular native macropods such as kangaroos and wallabies) are natural hosts for
RRV, but little is known about the hosts of BFV and they may include birds as well as mammals.
However, RRV transmission from human to mosguito to human (thus occurring without the
involvement of an animal) appears to occur in some circumstances, particularly during periods of
intense virus activity. Some cases of ‘urban transmission’ have been reported in Brisbane and Perth
when virus has been introduced with humans returning from rural areas to urban areas that have had
high mosguito populations.

RRV and BFV have been isolated from thirteen mosquito species in NSW from 1989/90 until
2004/2005, with the majority of isolates coming from Cx. annulirostris in the inland and Ae. vigilax
on the coast (Table 4). In tota, these two mosquitoes accounted for 77.92% of all arbovirus
isolations in NSW. RRV was the most commonly isolated arbovirus from mosquitoes collected in
the Central Coast/Lower Hunter/Mid-North Coast region (Table 5). The majority of isolates came
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from Ae. vigilax, Ae. procax and Cg. linealis with monitoring sites in Port Stephens, particularly
Heatherbrae, Karuah and Salt Ash, frequently providing evidence of virus activity.

Table 3. The annual (July-June) number of human notifications of Ross River virus and Barmah
Forest virus disease in the Hunter, Mid North Coast and Central Coast Area Health Services.

Hunter Mid North Coast
Y ear
Ross River Barmah Forest Ross River Barmah Forest

1996-1997 288" na 172 na
1997-1998 55 na 69 na
1998-1999 149 na 145 na
1999-2000 117 na 194 na
2000-2001 140 14 92 179
2001-2002 19 89 42 155
2002-2003 29 32 94 153
2003-2004 69 23 116 163
2004-2005 19 14 34 62

1 Prior to 2000, the natifiable disease database does not differentiate between RR and BF infection.
2 Total notifications to January 2005
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Figure 11. Average monthly human notifications of Ross River virus and Barmah Forest virus from
the Central Coast, Hunter and Mid North Coast Area Health Services, 1996-2004.
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Table 4. Total number of virus isolates from each mosquito species collected at NSW Arbovirus
Surveillance and Mosguito Monitoring Program, 1989/90 through until 2004/05.

MOSQUITO RR | BF | SIN| GG |TRU| EH |KOK |KUN| STR | FLAVI? | Virus?| TOTAL | % NSW
An. amictus 0 0 0 0 0 0 0 0 0 0 5 5 0.6
An. annulipes 9 0 4 0 3 0 0 0 1 0 57 74 9.1
Cq. linealis 6 1 1 0 0 0 0 0 0 0 2 10 12
Cg. xanthogaster 0 0 0 0 0 0 0 0 0 0 1 0.1
Cg. variegata 1 0 0 0 0 0 0 0 0 0 0 1 0.1
Cx. annulirostris 76 2 [201] 1 0 6 7 11 0 2 127 433 53.1
Cx. audtralicus 0 0 0 0 0 0 0 0 0 0 10 10 1.2
Cx. molestus 1 0 0 0 0 0 0 0 0 0 1 2 0.3
Cx. orbostiensis 0 0 0 0 0 0 0 0 0 0 2 2 0.3
Cx. quinquefasciatus 0 0 0 0 0 0 0 0 0 0 3 3 04
Cx. sitiens 0 0 2 0 0 0 0 0 0 0 7 9 11
Ae. aculeatus 0 0 0 0 0 0 0 0 0 0 1 1 0.1
Ae. camptorhyncus 2 1 0 0 0 0 0 0 0 0 0 3 04
Ae. eidsvoldensis 2 0 1 0 0 0 0 0 0 0 1 4 0.5
Ae. funereus 2 0 0 0 0 0 0 0 0 0 2 4 0.5
Ae. multiplex 1 0 0 0 0 0 0 0 0 0 1 2 0.3
Ae. nr. normanensis 0 0 0 0 0 0 0 0 0 0 1 1 0.1
Ae. notoscriptus 5 1 0 0 0 1 0 0 5 0 1 13 16
Ae. procax 6 2 0 0 0 1 0 0 3 0 2 14 17
Ae. theobaldi 1 0 0 0 0 0 0 0 0 0 0 1 0.1
Ae. vigilax 43 1109 | O 2 0 27 0 0 9 0 13 203 24.9
Mansonia uniformis 0 0 0 0 0 1 0 0 0 0 0 1 0.1
Mixed pools 4 0 3 1 0 0 0 0 0 0 10 18 22
TOTAL 159 | 116 | 212 | 4 3 36 7 11 | 18 2 247 815 100.0

RR=Ross River virus, BF=Barmah Forest virus, SIN=Sinbis virus, GG=Gan Gan virus, TRU=Trubanaman virus,
KOK=Kokobera virus, EH=Edge Hill virus, KUN=Kunjin virus, STR=Stratford virus, FLAVI?=unknown Flavivirus
isolate, Virus?= Virus was present in the sample of mosqguitoes but was not identified as one of the major Alphaviruses

or Flaviviruses
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Table 5. Arbovirus isolates from mosquitoes collected in the Lower Hunter and Mid North Coast in

the NSW Arbovirus Surveillance and Mosquito Monitoring Program, 1989-2005.

Season Location Arbovirus isolated Mosquito species Number
2004-2005 Port Stephens Heatherbrae Ross River virus Ae. procax 3
2004-2005 Port Stephens Heatherbrae Ross River virus Ae. vigilax 1
2004-2005 Port Stephens Karuah Ross River virus Cx. molestus 1
2004-2005 Port Stephens Karuah Ross River virus Ae. multiplex 1
2004-2005 Port Stephens Karuah Ross River virus Ae. vigilax 4
2004-2005 Port Stephens Salt Ash Ross River virus Ae. vigilax 1
2003-2004 No virusisolates
2002-2003 No virusisolates
2001-2002 No virusisolates
2000-2001 No virusisolates
1999-2000 No virusisolates
1998-1999 Forster: Tuncurry Ross River virus Ca. linealis 1
1998-1999 Forster: Tuncurry e Cx. australicus 1
1998-1999 Port Stephens: Gan Gan 7 Ae. vigilax 1
1998-1999 Port Stephens: Heatherbrae Ross River virus Ca. linealis 1
1998-1999 Port Stephens. Heatherbrae Ross River virus Cx. annulirostris 1
1998-1999 Port Stephens. Heatherbrae 7 Cx. ditiens 1
1998-1999 Port Stephens: Karuah Ross River virus Ae. vigilax 2
1998-1999 Port Stephens: Salt Ash 7 Ae. procax 1
1997-1998 Port Stephens: Heatherbrae Edge Hill virus Ae. vigilax 1
1997-1998 Port Stephens: Salt Ash Edge Hill virus Ae. vigilax 1
1996-1997 Port Stephens: Salt Ash Ross River virus Ae. procax 1
1995-1996 Port Stephens: Karuah Ross River virus Ae. vigilax 1
1995-1996 Port Stephens: Karuah Edge Hill virus Ae. vigilax 1
1995-1996 Port Stephens: Karuah Stratford virus Ae. vigilax 1
1994-1995 Forster: Tuncurry 7 Ae. vigilax 2
1994-1995 Forster: Tuncurry Barmah Forest Ca. linealis 1
1994-1995 Forster: Tuncurry e Ae. aculeatus 1
1994-1995 Forster: Tuncurry 7 Cx. orbogtiensis 1
1994-1995 Forster: Tuncurry e Ve. funerea 1
1993-1994 Port Stephens: Salt Ash Ross River virus Ae. vigilax 2
1992-1993 No virusisolates
1991-1992 Port Stephens: Salt Ash Ross River virus Ae. vigilax 3
1991-1992 Port Stephens: Salt Ash Gan Gan virus Ae. vigilax 2
1991-1992 Port Stephens: Salt Ash ” Ae. vigilax 2
1991-1992 Port Stephens: Salt Ash Ross River virus Ca. linealis 1
1991-1992 Port Stephens: Salt Ash ” Cq. linealis 1
1991-1992 Port Stephens: Salt Ash 7 Ae. procax 1
1990-1991 No virusisolates
1989-1990 Port Stephens: Salt Ash Ross River virus Ca. linealis 1
1988-1989 Port Stephens: Salt Ash Ross River virus Pooled sampl €’ 1

Virus was present in the sample of mosquitoes but was not identified as one of the major Alphaviruses or Flaviviruses

2Pooled sample containing Ae. procax, Ae.vigilax, Cx. australicus, Cx. annulirostris &, Ve. funerea.
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8.2.2 Murray Valley encephalitis and Kunjin virus

The term ‘ Australian Encephalitis' has been used to describe human illness caused by infection by
Murray Valley encephalitis virus (MVEV) or Kunjin virus (KUNV), but the term is now considered
inappropriate because the seriousness of symptoms following infection by each virus is quite
different and the infections are now considered as separate entities.

Cases of MVEV infection vary from mild to severe to fatal, with symptoms almost invariably
including a sudden onset of fever, anorexia and headache, while vomiting, nausea, diarrhoea and
dizziness may also be experienced along with lethargy and irritability. Drowsiness, confusion,
convulsions and neck stiffness can be experienced a few days after the onset of initial symptoms.
The disease can be fatal and many who survive the encephalitic syndrome have some residual
mental or functional disability. For KUNV, there are fewer human cases reported, the disease is
milder and there are no known fatalities resulting from the infection.

Both MVEV and KUNV viruses have a natural endemic cycle in northern Australia, which involves
water birds as the vertebrate host and the freshwater mosquito Culex annulirostris as the major
vector. Epidemic activity of the viruses in the southeast of Australiais rare and has been associated
with excessive rainfall and flooding, which increases bird and mosquito populations, but it is ill
uncertain whether the viruses are introduced occasionally to the southeast from the north or whether
either or both are endemic in inland areas at undetectable levels and only become evident with
periods of intense bird and mosqguito breeding.

With respect to the local region, no activity of MVEV or KUNV east of the Great Dividing Range
in NSW and thus the risks from these viruses are considered to be relatively low.

8.2.3 Dengue

Dengue is currently considered one of the most important viral diseases transmitted by mosquitoes
to humans in a world context. In Australia, most locally acquired cases of dengue occur in North
Queensland, particularly around Townsville and Cairns, where the vector mosguito, Aedes aegypiti
is abundant in the urban environments.

In Australia, epidemics of dengue occurred in the late 19th century and early 20th century. Australia
was considered to be free of local dengue following 1955 (when there had been a large outbreak in
Townsville), but in 1981 a major outbreak with an estimated 3,000 infections occurred in northern
Queensland, presumably initiated by an infected traveller.

The normal cycle of dengue infection is considered to be a mosquito feeding on an infected and
viraemic human and then, after an incubation period of 8-10 days, the mosguito remains infective
for life and can infect other humans each time it feeds. The clinical symptoms range from mild
fever to a severe and potentially life threatening haemorrhagic disease. The so-called ‘classical’
Dengue Fever form usually affects older children and adults with fever, violent headache, and
severe pains in the muscles and joints following an incubation period of 5-8 days, and lasts about 4-
7 days, recovery is generally complete although convalescence may be long.

The only known vector of dengue to occur in Australia, Ae. aegypti, does not occur currently in
NSW and thus there is no risk of dengue transmission in the Lower Hunter and Mid-North Coast
region.
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8.2.4 Other arboviruses

There is a number of other arboviruses present in the Lower Hunter and Mid North Coast that may
pose minor health risks.

Sindbis virus (SINV) is an Alphavirus that occurs in all mainland states of Australia. However,
disease from Sindbis is virtually unknown in Australia. Birds are considered the main host and the
virus has been isolated from many mosguito species.

Edge Hill virus (EHV), Kokobera virus (KOKV) and Stratford virus (STRV) are all Flaviruses that
may cause symptoms including myalgia, arthralgia and muscle fatigue, although there have been
few documented symptomatic patients. These viruses have been isolated from a number of
mosquito species, and EHV and STRV have been isolated from Ae. vigilax collected in the Port
Stephens area (Table 5).

Gan Gan virus (GGV) and Trubanaman virus (TRUV) are both Bunyaviruses that can cause a mild
illness with symptoms of fever, malaise, myalgia, polyarthralgia/polyarthritis and rash. The viruses
have been found in a number of mosquito species but documented human disease is rare. As the
name suggests, GGV was first identified (1970) from the Lower Hunter region, and two isolates of
GGV were made from Ae. vigilax in the Port Stephens area during the 1991-1992 monitoring
season (Table 5), but for the past decade the testing procedure has not allowed for the detection of
bunyaviruses.

8.25 Malaria

This disease in humans results from infection with a protozoan blood parasite (one of four species
of the genus Plasmodium: Plasmodium falciparum, P. vivax, P. malariae, and P. ovale) transmitted
by a species of the mosquito genus Anopheles. The clinical symptoms of malaria include periodic
fever, varying degrees of anaemia and splenic enlargement, and a range of syndromes resulting
from the physiological and pathological involvement of certain organs including the brain, liver and
the kidneys. Infection with P. falciparum and P. vivax is the most common, and P. falciparum
infection can be fatal in the absence of treatment.

In Australia, malaria was endemic historically, but local activity had been eliminated by the mid-
1960s and malaria was declared eradicated from the country in 1981. Casesthat are reported now in
Australia typically are acquired overseas (and called ‘imported’ cases) or rarely by local
transmission from imported cases (and called ‘introduced’ cases). Little is known of local vectors
because few outbreaks were studied, but laboratory investigations have revealed that a number of
local Anopheles species are susceptible to infection and can play a role in transmission.
Anophelesfarauti is a major vector of malaria in Papua New Guinea and it is presumed to be the
species of greatest concern in the north of Australia, but this mosquito does not occur in NSW. In
southern Australia, An. annulipes, a species common in the Lower Hunter and Mid North Coast, has
apparently been the vector where occasional cases of malaria have been contracted. However, there
should be no concern that malaria currently poses a health risk in NSW.
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9 MOSQUITO HABITATS

9.1 Estuarinewetlands

The estuarine wetlands can be divided into two main categories;, the mangrove forests and
saltmarsh. The term “saltmarsh” may be used to describe a number of different vegetation
communities, with over 200 flowering plants known to occur in NSW saltmarshes. However, while
mosquitoes may use saline and brackish water pools amongst any type of vegetation, the most
important larval habitats are those primarily vegetated with Sarcocornia quinqueflora, Sporobolus
virginicus and Triglochin striatum (Figure 12).

The most productive habitats for Ae. vigilax are vegetated pools and depressions inundated by the
highest tides (Spring tides) of the month. Habitats at higher elevation only inundated by the highest
of Spring tides, or rainfall, can also represent productive habitats on occasion. Saltmarsh
mosquitoes can tolerate awide range of salinity, including hyper saline conditions (>40ppK).

Pools and depressions need to stay inundated for 7-10 days to allow larvae to complete their
development, but then dry completely to expose the preferred oviposition sites at the base of
vegetation. If habitats remain inundated, Ae. vigilax mosguitoes cannot access these oviposition
sites and predator populations are more likely to become established, reducing the suitability of the
site for mosquito production; however, in the absence of sufficient predators, Cx. sitiens can exploit
persistently inundated sites.

Figure 12. An example of a suitable
mosquito habitat in an estuarine
environment. Saltmarsh pools such as
these provide ideal conditions for a
range of mosquitoes including Aedes
vigilax and Aedes alternans.

Mangrove habitats, generally, do not represent important mosquito habitats. Typically existing in
the intertidal zone, these habitats are frequently flushed by tides and are usually characterised by
abundant fish populations. However, in situations where tidal flows to mangrove areas are
restricted, or mangroves have colonised channels or pools within saltmarsh areas, mosqguito
production can be high.

Large estuarine lakes and lagoons are generally not significant mosquito habitats due to their depth
and abundance of predatory fish. The most likely mosquito habitats associated with these water
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