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EXECUTIVE SUMMARY

Medical Entomology was commissioned in 2015 by Vixsun Pty Ltd and Intrapac
Projects Pty Ltd to revise and update a Mosquito Risk Assessment originally
commissioned for the land originally known as Precinct A — Cumbalum Structure
Plan but now referred to as Cumbalum Views Estate.

Actual and potential mosquito habitats were surveyed with adult and larval
mosquito populations sampled between 26 April and 29 April 2005.

In addition to the adult and larval mosquito population sampling, a review of the
mosquito sampling records of Ballina Shire Council (undertaken as part of the NSW
Mosquito Monitoring and Arbovirus Surveillance Program) up until 2005 were
reviewed to determine the likely future impacts of mosquito populations.

A further review of mosquito sampling records of Ballina Shire Council sites within
the NSW Mosquito Monitoring and Arbovirus Surveillance Program from
November 2010 until March 2016.

Results from the 2005 field studies identified a total of 23 mosquito species
collected as adults and 6 mosquito species as larvae were collected from habitats
within the study site. The most abundant mosquitoes were Aedes multiplex, Aedes
procax, Aedes vigilax, Culex annulirostris and Verrallina funerea.

The abundance of the major pest species, including Ae. vigilax, Ae. procax and
Ve. funerea, was considered moderate to high with over 1,500 mosquitoes
collected on a single trap night.

A review of data from the NSW Mosquito Monitoring and Arbovirus Surveillance
Program confirmed the results of field studies with Aedes multiplex, Aedes procax,
Aedes vigilax, Culex annulirostris and Verrallina funerea the key pest mosquitoes.
The other species (of almost 50 species known in the general area) occasionally
reported as abundant, and should be considered as potential pests, were Aedes
notoscriptus and Mansonia uniformis. Culex orbostiensis and Culex sitiens were
both occasionally abundant but these two species are generally not considered
serious nuisance-biting pests.

Given the relatively steep topography of much of the site, the most significant
mosquito habitats within the site were the inundated channels running across the
lowlands as well as flooded depressions in the pasture. These habitats have the
potential to occasionally produce substantial increases in mosquito populations but
the productivity of these habitats are highly dependent on seasonal rainfall.
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The most significant mosquito habitat in the local area was the freshwater and
brackish water habitats of the Ballina Nature Reserve. This extensive area of
coastal swamp forest (dominated by Melaleuca spp.) and wetland has the potential
to produce large populations of pest mosquitoes, in particular Ve. funerea and
Ae. vigilax.

The domestic pest mosquito, Ae. notoscriptus, was not abundant in collections on
site in 2005. However, this species is common in urban environments and, if
redevelopment is undertaken, some nuisance biting impacts may be experienced.
It is occasionally recorded in moderate to high abundances at monitoring sites
elsewhere in the Ballina region.

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 minimizing the risks of nuisance biting and disease
transmission in future residential developments are included in this report.
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INTRODUCTION

Mosquito risk assessments 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 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 and
Barmah Forest virus. 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.

A Mosquito Risk Assessment was carried out at the land then known as Precinct A -
Cumbalum Structure Plan 2006. This project is now referred to as Cumbalum Views
Estate. The investigation was designed to determine the relative abundance of actual
and potential pest mosquitoes and the likely impacts posed by mosquito population on
future residential and recreational developments.

Ballina Shire Council address local issues surrounding mosquito risk in their Ballina
Shire Development Control Plan 2012 Chapter 2 — General and Environmental
Considerations. This chapter of their DCP addresses the health issues associated with
mosquitoes by recommending and requiring various measures to reduce human
contact with mosquitoes with respect to existing and proposed residential
developments. The DCP also provides guidance on minimising exposure to
mosquitoes in presently developed areas and proposed developments including
housing subdivisions, tourist developments and the design of constructed wetlands.

This MRA was undertaken with consideration of the DCP and the expectations of local
authorities regarding the assessment of risks associated with local mosquito
populations.
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METHODS

The land within Cumbalum Views Estate is illustrated in Figure 1. The area is generally
flat with a small section of steeply sloped hillside at the south-western edge of the
property. The property is currently used as grazing land and is bordered in the east by
the Ballina Nature Reserve. The area has been predominantly used for grazing and
remnant vegetation is present in small clusters throughout the site although, in most
places, the under story vegetation has been cleared.

The Ballina Shire Council have been undertaking mosquito surveillance since 1996,
as part of the NSW Arbovirus Surveillance and Mosquito Monitoring Program, and
have gathered considerable information relating to the diversity of the local mosquito
fauna and the abundance of pest mosquitoes. While this monitoring program has
gather considerable data on the abundance of mosquitoes throughout the Ballina
Shire area, there is only limited information available on mosquitoes and mosquito
habitats on the western side of the Ballina Nature Reserve.

To better understand the diversity of mosquito fauna in this specific area, adult
mosquito sampling was undertaken using dry ice baited Encephalitis Vector
Surveillance (EVS) traps at up to four fixed trap sites on three consecutive nights
between 26 and 29 April 2005. 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. These locations were generally within
small clumps of trees or at the margin of remnant woodland areas.

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).

Aquatic habitats within the study site and those within 0.5-1.0 kms of the site were
identified through a review of aerial photographs, topographic maps and site visits.
Marsh areas, creeks and dams as well as low lying areas, potentially containing
pooling water resulting from rainfall, were sampled for the presence of mosquito larvae
between 26 and 29 April 2005. Larval populations 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 fish and vegetation composition present.

Rainfall data was obtained from the Bureau of Meteorology (Ballina Airport) from 1994
through until 2005 to provide a comparison between present conditions and long term
trends.
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Figure 1. Location of Cumbalum Views Estate (previously referred to as Precinct A —
Cumbalum Urban Release, Cumbalum Heights), Ballina Shire Council, NSW.
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BACKGROUND

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 (4t 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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Mosquito populations of the Ballina region

Ballina Shire Council has undertaken mosquito monitoring, as part of the NSW
Arbovirus Surveillance and Mosquito Monitoring Program since the October 1989. The
number of trap sites and duration of trapping has varied between “seasons” with traps
operated from Lennox Head in the north to Wardell in the south.

A total of 48 mosquito species have been identified from the greater Ballina region
(Table 1), 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 alternans, 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.

The most important pest mosquitoes in the Ballina region are:

» 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.

» 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.

» 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 of increasing concern as constructed freshwater wetlands are
increasingly incorporated into urban coastal developments.

» Coquillettidia linealis is a medium sized, dark mosquito and has the potential to
be an important pest close to extensive natural or constructed well vegetated
freshwater wetlands. The larval biology of this species differs markedly from most
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other mosquitoes in that the larvae have a modified siphon that attaches to the
roots and/or stems of aquatic vegetation.

» 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 brackish water habitats. This species is generally not
considered a major pest as it does not disperse far from larval habitats.

» Aedes procax is a small to medium sized brownish mosquito and 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 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 mosquito-borne 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.

» 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.

Over the sixteen sampling periods until 2005 reviewed for this MRA, the two sites most
consistently sampled were located at North Creek Road, Ballina and Greensleigh
Road, Lennox Head. In the periods from 2010 through until 2016, the two Ballina sites
reviewed were North Creek Road, Ballina and Pacific Pines, Lennox Head. There were
differences in the number of sampling nights per season and there may have been
slight changes to the position of the traps but for the purpose of comparison, the mean
abundance of mosquitoes per trap night per season for the two sites were calculated.

There were four known pest species consistently abundant at these two sites,
Cx. annulirostris, Ae. multiplex, Ae. vigilax and Ve. funerea but the mean abundance
of each species varied between seasons at both the North Creek Road, Ballina,
(Figure 3) and Greenfield Road, Lennox Head, (Figure 4) sites. The variation in mean
abundance of each species within the season will primarily be influenced by rainfall
and will vary between locations due to the proximity of suitable larval habitats.

At the North Creek Road, Ballina, site, the most abundant species collected is
Ve. funerea with populations fluctuating from mean abundances per season from less
than 30 mosquitoes per trap night (mptn) to over 160 mptn. However, within individual
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seasons, single trap night collections have exceeded 500 mosquitoes per trap (mpt)
and up to 2,338 mpt (14 March 2004). At the Greenfield Road trap site, the mean
seasonal abundance of Ve. funerea is more variable with the great abundances
recorded in 200-2001 and 2001-2002 when weekly collections regularly exceeded
100mpt up to a maximum of 1,007 (18 March 2001). The results of population
monitoring at both sites indicate that this species is of greatest concern, due to regular
population increases, and there may be serious pest impacts when populations are
greatest.

A review of data over the period 2010 through 2016 revealed differences in the
seasonal abundance of key species but there was no distinct shifts in the relative
importance of mosquito species representing key pests. The review confirms that the
key pest mosquitoes are most likely to be Ae. vigilax, Ae. procax, Ae. multiplex, Cx.
annulirostris and Ve. funerea. On occasion, Ae. notoscriptus can be reported at
moderate abundance also.

In reviewing the more recent data, it was found that Cx. orbostiensis and Cx. sitiens
were both occasionally abundant. However, these two mosquitoes are generally not
considered important nuisance-biting pests and are not considered or critical
importance in the local area.
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Table 1. Commonly collected mosquito species recorded at the Ballina trap sites
in the NSW Arbovirus Surveillance and Mosquito Monitoring Program, 1989/90

through until 2004/05.

Mosquito species

Aedeomyia catastricta Knab
Anopheles atratipes Skuse
Anopheles bancroftii Giles
Anopheles annulipes Walker
Coquillettidia linealis (Skuse)
Coquillettidia variegata (Dobrotworsky)
Coquillettidia xanthogaster (Edwards)
Culex annulirostris Skuse

Culex australicus Dobrotworsky & Drummond
Culex bitaeniorhychus Giles

Culex edwardsi Barraud

Culex globocoxitus Dobrotworsky
Culex molestus Forskal

Culex quinquefasciatus Say

Culex sitiens Wiedemann

Culex squamosus (Taylor)

Culex orbostiensis Dobrotworsky
Culex halifaxii Theobald

Culex postspiraculosus Lee

Culiseta inconspicua (Lee)

Culiseta antipodea (Dobrotworsky)
Mansonia uniformis (Theobald)
Mimomyia elegans (Taylor)

Aedes lineatopennis (Ludlow)

Aedes alboannulatus (Macquart)
Aedes gahnicola Marks

Aedes kochi (Donitz)

Aedes notoscriptus (Skuse)

Aedes rupestris Dobrotworsky
Aedes australis (Erichson)

Aedes alternans (Westwood)
Aedes aculeatus (Theobald)
Aedes burpengaryensis (Theobald)
Aedes flavifrons (Skuse)

Aedes notoscriptus (Skuse)

Aedes procax (Skuse)

Aedes vigilax (Skuse)

Aedes vittiger (Skuse)

Aedes multiplex (Theobald)

Aedes biocellatus (Taylor)*

Aedes sp. No. 51 of Marks

Aedes sp. nr. normanensis (Taylor)
Tripteroides atripes (Skuse)
Tripteroides marksae Dobrotworsky
Uranotaenia lateralis Ludlow
Uranotaenia nivipes (Theobald)
Uranotaenia pygmaea Theobald
Verrallina funerea (Theobald)

Verrallina sp. No. 52 of Marks
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Figure 2. Location of the two adult trap sites used as reference sites in this study,
Ballina Shire, NSW.
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Figure 3. Mean trap night abundance of four common pest mosquito species
collected at North Creek Road trap site, Ballina, from 1994-1995 through until
2004-2005. (NSW Arbovirus Surveillance and Mosquito Monitoring Program).

The species with the most notable difference in abundance between trap sites was
Ae. multiplex. The mean abundance of this species, generally, remained below
20mptn at the North Creek Road site but was consistently greater than 50mptn at the
Greenfield Road site where individual trap night collections often exceeded 200mpt.
This species is likely to cause nuisance biting impacts in the vicinity of the Lennox
Head site, with populations greater in this area, compared with the North Creek/Ballina
area, due to the greater area of suitable larval habitat (i.e. brackish water Melaleuca
swamps) for this species, the most significant of which is located within the Ballina
Nature Reserve.
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Figure 4. Mean trap night abundance of four common pest mosquito species
collected at Greenfield Road trap site, Lennox Head, from 1994-1995 through
until 2004-2005. (NSW Arbovirus Surveillance and Mosquito Monitoring
Program).

The abundance of Cx. annulirostris and Ae. vigilax are relatively similar between the
North Creek Road and the Greenfield Road sites. However, while the individual
collections of Cx. annulirostris generally stayed low throughout each season, there
were often substantial increases in the populations of Ae. vigilax with some individual
collections exceeding 200mpt at both sites. While Cx. annulirostris is a known
nuisance biting pest in areas close to large freshwater wetlands, on the coast,
generally, this species is not often a serious pest and the mosquito monitoring in the
Ballina region indicates that this is the case here. Aedes vigilax is considered the most
important pest in coastal areas of NSW and South-East Queensland and, while the
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species is overshadowed in abundance by Ae. multiplex and Ve. funerea, this species
is still likely to have significant impacts within the Ballina region when populations are
high.

Rainfall and tides are the most likely driving forces behind population increases of the
major mosquitoes. However, there are no consistently strong trends between the
mean abundance of mosquitoes and rainfall over the 11 years to 2005. The variation
from long term average monthly rainfall recorded at Ballina airport (Figure 5) shows
that, generally, there have been an equal number of years with below average rainfall
during the peak periods of mosquito activity (i.e. January — April). When compared
with the mean abundance of the major four pest mosquitoes at Ballina (Figure 3) and
Lennox Head (Figure 4), there are no strong correlations with rainfall with higher
abundances of some species occurring with both high and low rainfall years.

While there may not be strong correlations between monthly rainfall and overall mean
abundance of mosquitoes, there are likely to be short term population increases
resulting from rainfall or tidal inundation. The magnitude of these increases is difficult
to predict and is influenced by a wide range of interacting climatic and environmental
factors.
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Figure 5. Variation in the total monthly rainfall from 1994 through until 2005 from
the longer term average at Ballina airport.
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Interestingly, the high mean abundances of Ae. vigilax and Ve. funerea occurred
during seasons with below average rainfall, demonstrating the likely influence tidal
inundation of wetlands plays on the abundance of these species. During periods of
low rainfall, habitats are more likely to dry out completely between tidal inundations,
reducing the likelihood that predator populations (e.g. fish and macroinvertebrates)
can become established. Additionally, during periods of heavy rainfall, as well as
predator populations becoming established, larvae may be more likely flushed from
habitats and adult mosquitoes may not have access to preferred egg-laying sites at
the base of vegetation.

A detailed analysis of the rainfall and tidal factors influencing the short term population
increases of the major pest species is beyond the scope of this MRA. However, it is
important to note that it should be expected that, on occasion, populations of some
species may increase unpredictably high following unusual rainfall or tidal events.

There were also other species collected at the two trap sites that were abundant for
short periods, including Cq. linealis, Cq. varegata and Ae. procax, that may have
caused nuisance biting impacts when populations dramatically increase. The
abundance of these species was greatest at the Greenfield Road site where the
proximity of suitable larval habitat contributes to increased populations.

There were a number of other species recorded from the area that may, very
occasionally cause localized nuisance biting impacts or contribute to the overall public
health risks.

While not associated with any of the natural wetlands in the Ballina region, the pest
species Aedes notoscriptus was one of the most abundant species collected at both
the North Creek Road and Greenfield Road trap sites. This species is closely
associated with water holding containers (e.g. cans, bottle, buckets, blocked roof
guttering) and can cause serious nuisance biting impacts around urban environments.

Adult mosquito sampling was undertaken in the vicinity of the land parcel during only
one season, 1996-1997. The trap was located on a ridge beside Sandy Flat Road,
from 1 December 1996 through until 2 March 1997. There were 14 species collected
and the most abundant species collected were Ae. multiplex, Ae. notoscriptus,
Ae. procax and Ae. vigilax (Table 2). The abundance of most species was low with
fewer than 100 individuals of each species collected per trap night. The most abundant
were Ae. multiplex and Ae. vigilax that had maximum trap night abundances greater
than 50mpt (Table 2).
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Table 2. Mean abundance of mosquito species collected by Ballina Shire Council
at Sandy Flat Road, December 1996 — March 1997, as part of the NSW Mosquito
Monitoring and Arbovirus Surveillance Program.

Mosquito species

Mean abundance
(Mosquitoes per trap

Range

(Mosquitoes per trap)

night)
Anopheles annulipes 0.1 0-1
Coquillettidia linealis 0.8 0-3
Coquillettidia variegata 0.6 0-1
Culex annulirostris 1.6 0-4
Culex edwardsi 0.2 0-1
Culex orbostiensis 1.8 0-10
Culex sitiens 1.3 0-8
Aedes multiplex 20.4 0-59
Aedes notoscriptus 7.0 0-36
Aedes procax 8.3 0-25
Aedes vigilax 9.3 0-63
Tripteroides marksae 0.1 0-1
Verrallina funerea 0.5 0-3
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Mosquito impacts
Nuisance biting

It is extremely difficult to quantify the impact of nuisance biting in a specific area due
to the spatial and temporal fluctuation in mosquito abundance resulting from 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 adult
mosquitoes, especially known biting pests such as Aedes vigilax, exceed 100 per trap
in residential areas, nuisance biting impacts are experienced with considerable
impacts often reported when collections exceed 500 per trap.

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 standard of living as well as the economic impacts on residential,
recreational and tourist developments.

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 Sindbis virus (SINV) and Edge Hill virus (EHV)
but these two viruses rarely cause disease in Australia.

There are, on average, approximately 4,000 and 600 human cases of RR and BF,
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.

Both viruses can be spread by mosquitoes present on the far north coast of NSW
including the most commonly collected species, Aedes vigilax and Culex annulirostris.
The transmission cycles of these viruses require the presence of suitable reservoir
hosts such as native macropods (ie, kangaroos and wallabies), and there is a greater
risk of disease transmission in rural and semi-rural areas compared with major urban
centres.

As urban development continues to expand on the far north coast of NSW, there has
been an increase in residential developments closer to natural wetlands combined
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with the construction of wetlands for stormwater treatment, water storage, wildlife
refuge and aesthetic beautification. As these developments increase the contact
between humans and mosquitoes, the public health risks are increased. There has
been an average between 100 and 250 notifications per season of RRV and BFV
disease in the Northern Rivers Public Health Service over the last nine years (Figure
6).

A total of 18 pools of mosquitoes have returned positive results for virus isolation since
1989 in the Ballina region. Arboviruses were most commonly isolated from Culex
sitiens and Ve. funerea with RRV the most commonly isolated virus (Table 3). Many
of the mosquito species recorded from the Ballina have had arboviruses isolated from
them elsewhere in the state, especially, Anopheles annulipes, Cq. linealis,
Cx. annulirostris, Ae. notoscriptus and Ae. vigilax accounting for approximately 90%
of Arbovirus isolations in NSW between 1989 and 2005 (NSW Arbovirus Surveillance
and Mosquito Monitoring Program).

In recent years, there have been occasional detections of RRV in mosquitoes collected
around Ballina with 0-2 detections per season since 2010. There were also detections
of EHV and SINV during that period also.

The most noteworthy season for mosquito-borne disease in the far north coast of NSW
was 2015 when one of the largest outbreaks of Ross River virus disease was reported.
Approximately 7,800 cases of disease were notified from NSW and QLD. There are
many contributing factors to this outbreak, unusually warm spring weather in 2014
followed by above average rainfall throughout the 2014-2015 summer provided
opportunities for a diverse and abundant range of mosquitoes that were active and
driving transmission of RRV. The result highlights that there are health risks
associated with mosquitoes in the greater Ballina region and while health risks may
not be consistent from year to year, there will be occasions when outbreaks of
mosquito-borne disease occur.
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Table 3. Arbovirus isolates from mosquitoes collected in the Ballina region in the
NSW Arbovirus Surveillance and Mosquito Monitoring Program, 1989-2005.

Arbovirus isolated Mosquito species Number Season

Ross River virus Cq. variegata 1 2004-2005
221 Cq. xanthogaster 1 1998-1999
?7? Ae. multiplex 1 1998-1999
?? Cx. sitiens 1 1998-1999
Edge Hill virus Ae. procax 1 1994-1995
Sindbis virus Cx. sitiens 1 1993-1994
?7? Cx. sitiens 1 1992-1993
?? Cx. sitiens 1 1992-1993
?7? Cx. annulirostris 1 1992-1993
?7? Cx. sitiens 1 1992-1993
Ross River virus Ve. funerea 2 1991-1992
Ross River virus Ae. vigilax 1 1991-1992
?? Cx. sitiens 1 1991-1992
Ross River virus Ve. funerea 1 1991-1992
?? Pooled sample? 1 1991-1992
?7? Cx. orbostiensis 1 1989-1990
?7? Pooled sample?® 1 1989-1990

Virus was present in the sample of mosquitoes but was not identified as one of the major Alphaviruses or Flaviviruses
2Pooled sample containing Ae. alternans, Ae. multiplex, Cx. australicus, Cx. orbostiensis, Ve. funerea.
3Pooled sample containing Ae. multiplex, Cq. xanthogaster.
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Figure 6. Total annual human notifications of Ross River virus and Barmah
Forest virus reported by the Northern Rivers Public Health Service. Total
notifications from 1996-1997 through until 1999-2000 are the combined RRV and
BFV notifications. **The 2004-2005 period included totals up until December
2004.
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RESULTS AND DISCUSSION
Habitat and larval mosquito populations

All potential mosquito habitats as identified from aerial photographs, topographic maps
and site inspections were surveyed for the presence of mosquito larvae. There was
approximately 140mm of rainfall during the first half of April that resulted in many low-
lying areas containing ephemeral pools and marsh habitats contained extensive pools
and inundation.

The northern area of land within Cumbalum Views Estate contains extensive low-lying
areas with considerable potential for permanent and/or ephemeral habitats to form
following rainfall. A series of shallow and relatively narrow channels had been
constructed across the site to assist the draining of water from the area and, in
combination with land clearance, prepare the area for cattle grazing. At the southern
end of this land parcel is dominated by very steep topography with very few
opportunities for extensive permanent or ephemeral habitats to form following rainfall.

There were a number of potential mosquito habitats identified within the study site
(Figure 7 and Figure 8) and 6 mosquito species were collected as larvae during the
investigation (Table 4). Larvae were not considered abundant with larval densities very
low. However, it is difficult to determine the productivity of the habitats present with
such a short sampling period. The results of larval surveys indicate that while some
mosquitoes may be produced from habitats onsite, these populations are relatively
small and may only constitute a minimal nuisance biting impact.

The most abundant species were Cx. annulirostris and Cx. sitiens and both species
were common in the flooded pastureland in ephemeral pools and the grass lined
drainage channels at the northeast of the land parcel. These two species have the
potential to cause pest impacts but the magnitude of those impacts will be dependent
on the size of population increases. These two species are generally more abundant
during the late Summer and early Autumn and the production of large populations
requires habitats to be inundated for extend periods. The majority of larvae were
collected from flooded grassland and the grass lined channels (Figure 8) as well as
more permanent channels vegetated with emergent aquatic vegetation including
reeds and rushes (Figure 9). Some of these habitats, however, may dry out during
periods of low rainfall and may not consistently produce mosquitoes during or between
seasons.

Larvae were collected from flooded grassland/sedgeland surrounding the low-lying
Melaleuca woodlands at the eastern edge of the site (Figure 10). 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 in some areas and absence of
significant populations of mosquito predators (e.g. fish or macroinvertebrates).
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It is difficult to determine the overall productivity of these habitats but the results of
larval surveys indicate that mosquitoes produced from habitats onsite may cause
occasional pest impacts, particularly following rainfall when conditions are most
favourable for the production of Cx. annulirostris.

No mosquito larvae were collected from the small to medium sized dams across the
southern end of the land parcel (Figure 11) and, although some mosquitoes may be
produced during the summer months, these habitats are unlikely to produce significant
quantities of mosquitoes as they are relatively deep, have abundant fish populations
and minimal emergent aquatic vegetation.

Some of the habitats extends out into the Ballina Nature reserve that represents an
important mosquito habitat. This habitat is also likely to provide suitable habitat for
pest species such as Ae. multiplex and Ae. procax as well as other Culex, Aedes and
Verrallina species commonly found in ephemeral, rainwater filled grassy depressions.
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Table 4. Major habitat types surveyed for mosquito larvae in the for land within
Cumbalum Views Estate (previously referred to as Precinct A — Cumbalum Structure

Plan 2006), April 2005.

Species Date Salinity Habitat

Culex annulirostris 27.04.05 | <1ppK Flooded pasture /
drainage channel

Culex annulirostris 28.04.05| <1ppK | Flooded pasture ephemeral pool

Culex sitiens 28.04.05 | <1ppK | Flooded pasture ephemeral pool

Culex halifaxii 27.04.05 | <1ppK Roadside drain (Dufficies Ln)

Aedes procax 28.04.05| 3ppK Roadside drain (Dufficies Ln)

Aedes alternans 28.04.05 | <1ppK Flogded pasture /
drainage channel

. . Flooded pasture /

Culex quinquefasciatus | 28.04.05 | <1ppK drainage channel

Culex sitiens 28.04.05 | <1ppK Flooded grassy pools

Culex sitiens 28.04.05| 2ppK Flooded pasture /
drainage channel

Culex annulirostris 29.04.05 | <1ppk | Flooded pasture at edge of rush/
Melaleuca swamp

Culex australicus 29.04.05 | <1ppk | Flooded pasture at edge of rush/
Melaleuca swamp

No larvae 27.04.05 | <1ppK Small farm dam

No larvae 27.04.05 | <1ppK Small farm dam

No larvae 29.04.05 | <1ppK Medium/large farm dam

No larvae 29.04.05 | <1ppK Creekline

No larvae 29.04.05 | <1ppK Small farm dam
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Figure 7. Actual and potential larval mosquito habitats and adult mosquito trap sites at the northern end of the land
within Cumbalum Views Estate (previously Precinct A — Cumbalum Structure Plan 2006), April 2005.
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Figure 8. Actual and potential larval mosquito habitats and adult mosquito trap sites at the southern end of land
within Cumbalum Views Estate (previously Precinct A — Cumbalum Structure Plan 2006), April 2005.
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Figure 9. An example of flooded, grass lined pools that contained abundant
Cx. annulirostris and Cx. sitiens larvae.

Figure 10. A small farm dam. This habitat did not contain mosquito larvae but
during the summer months, it would not be unexpected that mosquitoes,
particularly Culex spp., may be produced.
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Despite the presence of mosquito habitats onsite, there are more productive mosquito
habitats within the nearby Ballina Nature Reserve. This reserve occupies 665 ha and
contains tidal and rainfall influenced wetlands that contain extensive mangrove,
saltmarsh and swamp sclerophyll forest (dominated by either Melaleuca
quinquenervia or Casuarina glauca). North Creek borders the eastern edge of the
reserve with Deadmans Creek and Roberts Creek located towards the southern end
of the reserve. These wetlands significantly influence the overall production of
mosquitoes in the area and may contribute to a serious pest problem in surrounding
areas, including Cumbalum Ridge.

Adult mosquito populations

Although the peak period of mosquito activity on the North Coast of NSW is generally
between November and April, the relative lateness of this sampling yielded abundant
and diverse adult mosquito fauna with trap collections comparable to peak periods of
activity.

A total of 23 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 5). These species were also the most
commonly collected at the two reference sites (Table 6). The abundance of many
species was very low with less than 10 individuals of 16 species collected over the
three night trapping period.

The most abundant species collected in the study area was Ae. procax with over 1,500
individuals collected overall with nightly trap collections ranging from 31 to 539
mosquitoes per trap. While this species is considered a known pest, much greater pest
impacts are usually associated with the other abundant species, in particular
Cx. annulirostris, Ae. multiplex, Ae. vigilax and Ve. funerea. However, with the
exception of 191 individuals of Ve. funerea collected in one trap, nightly collections of
Ae. vigilax and Ve. funerea were generally below 50 mosquitoes per trap night.
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Table 5. Total number of each mosquito species collected at the four trap sites over
the three consecutive nights within Cumbalum Views Estate (previously referred to as
Precinct A — Cumbalum Structure Plan 2006), Ballina Shire, April 2005.

26 April 2005 27 April 2005 28 April 2005 N

Mosquito species B g
A B C D A B C|<|A|B|C|D*

An. annulipes 0 1 0 1 0 1 0 0 0 0 0 0 3
An. atratipes 0 0 0 1 0 0 0 0 0 0 0 0 1
Cq. linealis 5 9 6 12 2 1 3 0 0 1 3 0 42
Cq. xanthogaster 3 0 4 0 6 0 4 0 1 1 4 0 23
Cx. annulirostris 89 40 130 39 38 38 48 0 19 | 13| 48 0 502
Cx. australicus 0 0 0 0 0 0 0 0 0 1 0 0 1
Cx. edwardsi 6 0 1 0 2 0 1 0 0 0 1 0 11
Cx. halifaxii 0 0 0 0 0 0 0 0 1 0 0 0 1
Cx. orbostiensis 21 3 1 4 6 0 0 0 2 1 0 0 38
Cx. postspiraculosus 0 0 0 0 0 0 0 0 1 0 0 0 1
Cx. quinquefasciatus 1 0 0 0 0 0 0 0 0 0 0 0 1
Cx. sitiens 83 9 25 10 12 14 24 0 16 (11| 24 0 228
Ma. uniformis 0 0 4 0 0 0 0 0 0 0 0 0 4
Ae. aculeatus 0 1 0 0 0 0 0 0 0 0 0 0 1
Ae. alternans 20 2 3 8 10 10 4 0 5 1 4 0 67
Ae. gahnicola 0 0 0 0 1 0 0 0 0 0 0 0 1
Ae. multiplex 193 115 44 70 191 11 23 0 [ 145 | 24| 23 0 839
Ae. notoscriptus 18 1 1 12 5 0 2 0 2 2 2 0 45
Ae. procax 539 305 72 224 | 174 31 60 0 69 [ 31| 60 0 1565
Ae. quasirubithorax 2 0 0 0 0 0 0 0 0 0 0 0 2
Ae. vigilax 21 26 43 30 9 20 21 0 6 2 | 2 0 199
Ve. funerea 18 42 57 191 3 8 8 0 8 2 8 0 345
Ve. sp. Marks No. 52 4 3 18 9 1 0 1 0 1 0 1 0 38
Weekly Totals 1023 | 557 | 409 | 611 | 460 | 134 | 199 [ O | 276 | 90 | 199 0 3958

* Trap was not set.
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Table 6. Total number of each mosquito species collected at the four trap sites over
the three consecutive nights within Cumbalum Views Estate (previously referred to as
Precinct A — Cumbalum Structure Plan 2006), Ballina Shire Council, April 2005.

26 April 2005 27 April 2005 28 April 2005

Mosquito species |<__t'

AlB|C|D|A|B|C"|ID|A"B|C|D]|PC
An. annulipes s.. 0 1 0 1 0 0 0 1 0 1 2 0 6
An. atratipes 0 0 0 1 0 0 0 0 0 0 0 0 1
Cq. linealis 6 24 0 12 1 2 0 1 0 2 6 3 57
Cq. xanthogaster 6 19 0 0 4 0 0 0 4 2 4 39
Cq. xanthogaster (M) | 0 2 0 0 0 0 0 0 0 0 0 0 2
Cx. annulirostris 87 | 111 0 39 6 40 0 38 0 15 | 47 | 48 | 431
Cx. australicus 0 1 0 0 0 0 0 0 0 0 1 0 2
Cx. edwardsi 1 1 0 0 0 0 0 0 0 2 3 1 8
Cx. orbostiensis 4 3 0 4 2 0 0 0 0 0 1 14
Cx. quinquefasciatus | 0 0 0 0 0 0 0 0 1 0 0 1
Cx. sitiens 21 | 74 0 10 9 16 0 14 0 7 9 24 | 184
Cx. sp. Marks No. 32 | 1 0 0 0 0 0 0 0 0 0 0 0 1
Ma. uniformis 0 1 0 0 0 0 0 0 0 0 0 0 1
Ae. aculeatus 0 0 0 0 0 2 0 0 0 0 0 2
Ae. alternans 42 | 83 0 8 3 32 0 10 0 21 1 4 | 204
Ae. burpengaryensis 1 0 0 0 0 0 0 0 0 0 0 1
Ae. multiplex 205 | 41 0 70 8 24 0 11 0 22 | 78 | 23 | 482
Ae. notoscriptus 28 8 0 12 0 4 0 0 0 4 5 2 63
Ae. procax 760 | 755 | 0 | 224 | 82 (118 | O 31 0 [ 170 | 402 | 60 [2602
Ae. procax (M) 0 0 0 0 0 0 0 0 0 0 2 0 2
Ae. vigilax 184 (348 | O 30 | 12 | 26 0 20 0 55 | 38 | 21 | 734
Ae. vittiger 2 0 0 0 0 0 0 0 0 1 0 3
Ve. funerea 1191174 | O 191 3 10 0 8 0 29 8 | 545
Ve. sp. Marks No. 52 | 80 30 0 9 0 15 0 0 0 0 3 1 138
Total Mosquitoes 1547|1676 O | 611 (126 | 293 | O |[134| O | 307 | 630 | 199 |5523

* Trap was not set.
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Population increases of Ae. vigilax will be closely linked to tidal inundation of the
estuarine wetlands connected to North Creek and as this species can disperse widely
from larval habitats, pest impacts may extend beyond 5kms from larval habitats. The
abundance of this species will increase approximately 7-10 days following inundation
of wetlands by high tides or rainfall and may persist for up to three weeks with the
greatest population increases between the months of November and May. However,
this species is only likely to cause major impacts on the site when there are unusually
large population increases following extensive tidal or rainfall inundation of the
estuarine wetlands.

Population increases of Ve. funerea are also related to tidal inundation but also major
rainfall events that flood brackish water habitats. This species does not disperse as
extensively as Ae. vigilax but can pose substantial nuisance biting impacts close to
habitats. It has been proposed that vegetation free buffer zones of more than 100m
may reduce the dispersal of this species but where vegetation (e.g. forests,
woodlands, dense shrubs) is present, harbourage sites provide opportunities for
refuge and also ‘bridges’ or ‘stepping stones for further dispersal.

The relatively large populations of Ae. procax and Ae. multiplex are a concern and are
the species most like to cause pest impacts on the site as larval habitats are located
nearby. However, it is difficult to predict the abundance of these species during the
entire “season”. The only extended survey carried out along side Sandy Flat Rd
collected relatively small numbers of both species (Table 2) and it is difficult to interpret
the results of this investigation as indicative of a regular and ongoing pest problem or
an unusual increase in abundance resulting from the rainfall of early April.

The flooded channels and grass lined depressions provided habitat for
Cx. annulirostris, Cx. orbostiensis and Cx. sitiens. Adults 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 impact but it
is important to note the presence of freshwater mosquitoes, Cx. annulirostris and
Cq. linealis, in particular as this species may quickly colonise constructed wetlands if
they are to be incorporated into future developments.

There is an increasing trend towards to incorporation of constructed wetlands, for the
purposes of wastewater treatment, water storage, wildlife refuge and public amenity,
into new urban developments. If such wetlands are to be constructed, an appropriate
professional should undertake a review of wetland design, as well as water
management and vegetation management strategies.
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Table 7. Total number of each mosquito species collected at the two reference
trap sites over the three consecutive nights at Ballina and Lennox Head, Ballina
Shire Council, April 2005.

Mosquito species Lﬁgggx Ballina
An. annulipes s.|. 3 6
An. atratipes 1 0
Cq. linealis 7 1
Cq. variegata 2 0
Cx. annulirostris 3 33
Cx. australicus 0 2
Cx. orbostiensis 6 4
Cx. sitiens 39 1,210
Ae. aculeatus 1 3
Ae. alternans 0 164
Ae. burpengaryensis 1 15
Ae. gahnicola 6 0
Ae. kochi 4 0
Ae. multiplex 144 291
Ae. notoscriptus 17 40
Ae. procax 439 105
Ae. vigilax 90 386
Ae. vittiger 0 42
Ve. funerea 30 1,144
Ve. sp. Marks No. 52 1 6
Total mosquitoes 794 3,452
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Aedes notoscriptus, a ‘container-breeder’ mosquito that exploits water filled containers
such as blocked roof gutters, discarded tyres, potplant saucers, tins and bottles, is
usually common in urban areas. This species was not common across the Zone A site
but if the area was redeveloped, some nuisance impacts from this species may occur.

When the abundance of mosquitoes within the land parcel is compared with those of
the two reference sites, the abundance of the major pests, Ve. funerea and Ae. vigilax
was generally lower per trap night within the site. With the exception of Ve. funerea
that was more abundant in this location than at the Lennox Head reference site.

The mosquitoes with the greatest difference in abundance between the study site and
reference locations were Ae. procax and Ae. multiplex. The mean abundance of
Ae. procax exceeded 150 mosquitoes per trap, almost three times as high as Ballina
but almost the same as collections at Lennox Head. The mean abundance of
Ae. multiplex collected in the study site was comparable to that recorded at the Ballina
site and greater than that recorded at the Lennox Head site. The results from these
two sites indicate that Ae. multiplex is abundant in most seasons and is likely to pose
pest impacts within the site on an annual basis with the actual magnitude of population
increases dependent on rainfall.
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MOSQUITO MANAGEMENT AND FUTURE DEVELOPMENTS

With consideration given to the results of long term mosquito surveillance in the Ballina
Shire area and within the study area, it can be concluded that there are a number of
mosquito species present that may pose ongoing and, occasionally significant, pest
impacts to any future residential and/or recreation developments. There is no evidence
that these risks, however, are significantly greater than those in other areas of the
Ballina Shire LGA surrounding the Ballina Nature Reserve and through the appropriate
design of future developments, and education of residents and visitors, the risks of
nuisance biting impacts and mosquito borne disease can be reduced.

There is a range of different species present in the area that may cause potential pest
impacts with each species associated with one of a diverse range of larval habitats
(Table 7). Each of these species may cause pest impacts in the local area to some
extent, either a regular impact during the season or occasional impacts dependent on
seasonal patterns of rainfall.

The only strategy available to completely remove the risk of mosquito impacts is to
undertake a large scale mosquito control program (including aerial and ground based
application of larvicides combined with habitat modification) in the surrounding
wetlands, particularly the Ballina Nature Reserve. Such a treatment program is,
however, unfeasible for the local area given the extensive wetland areas that would
require treatment and the financial and technical commitments that would be required.
Unlike some areas along the NSW coast where significant mosquito habitats are
restricted to estuarine wetlands, particularly saltmarsh, that can be targeted by a
control program (e.g. Sydney Olympic Park, Homebush Bay), the wetlands that
provide mosquito habitat in the Ballina region and the environmental conditions that
trigger population increases are wide ranging and extremely difficult to manage and
achieve a significant reduction in pest mosquito populations.

As with all urban developments located close to natural wetlands, it should be
expected that mosquitoes will be active during the warmer months and that they are
an integral part of many coastal wetland ecosystems. Mosquitoes are an important
component of the wetland ecosystem with mosquito larvae providing food for birds,
fish and macroinvertebrates and adult mosquitoes providing food for birds, bats, frogs,
reptiles and spiders. While there is strong evidence that larvicides, when applied
correctly and at recommended rates, have minimal impact on non-target organisms,
there is little information available as to the impact of large scale mosquito treatment
programs and the resulting removal of mosquitoes, over the long term, from local
ecosystems. Given the regional significance of the Ballina Nature Reserve, it is
unlikely that a large-scale mosquito abatement program would be approved by the
local authorities, unless there was a significant public health emergency.
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Table 7. Larval habitat, pest status and period of peak activity of the most
common mosquitoes in the Cumbalum Views Estate area of Ballina Shire

Council.
Mosquito Species Larval Habitat Pest status Activity
Well vegetated, permanent | Potential biting pest but
Cq. linealis freshwater wetlands (inc. not currently considered| Nov - Mar
constructed wetlands) a significant risk
Well vegetated permanent and Po’FentlaI biting pest _and
. . will pose greatest risk
Cx. annulirostris temporary freshwater wetlands . ; Jan - Mar
. during periods of above
(inc. constructed wetlands) .
average rainfall
Polluted freshwater wetlands
(inc. constructed wetlands) and Potential pest followin
Cx. quinquefasciatus’ urban habitats (inc. drains, P 9 Sep - May
. . redevelopment
septic tanks, sullage pits,
garden ponds)
Semi-permanent pools in Unlikelv to pose a maior
Cx. sitiens estuarine wetlands (inc. y 10 pos I Feb - Apr
pest risk
saltmarsh and mangroves)
Temporary estuarine & Potential biting pest
Ae. alternans ; close to breeding Nov - Apr
brackish :
habitat
Domestic containers (inc. tins, Potential pest followin
Ae. notoscriptus buckets, blocked gutters, tyres, P 9 Sep - May
redevelopment
pot plant saucers)
Occasional biting pest
. Temporary brackish & close to breeding )
Ae. multiplex freshwater habitat when Nov - Apr
populations large
. Occasional biting pest
Ae. procax Temporary brackish to close to larval habitat | Dec - Apr
freshwater bushland pools :
when populations large
Temporary estuarine (esp. | Serious biting pest and
Ae. viilax saltmarsh) but also, potential vector many Nov — Apr
- Vg occasionally, other brackish kilometers from larval P
and freshwater habitats habitat
Ve. funerea Temporary brackish & Major biting pest and Dec - Apr

freshwater

vector
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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 minimization of pest impacts during periods of peak activity. This assessment has
consider the most recent plans for the site provided in Figure 11 and Figure 12 that
highlight onsite vegetation and stormwater infrastructure and offset areas adjacent to
the development.

Mosquito management within the land within Cumbalum Views Estate, and the design
of future developments should consider the following issues to minimise the impact of
pest mosquitoes:

1. Larval mosquito habitats

There are relatively extensive actual and potential mosquito habitats within the study
site. These habitats are channels and depressions across the low-lying pastureland
where rainfall is retained, providing habitat for a number of species, most importantly,
Culex spp. However, if this property is to be redeveloped, a substantial amount of land
will be modified to some degree and it is likely that the suitability of these habitats for
mosquito production will be greatly reduced, if not eliminated entirely.

Mosquito impacts experienced in this area are more likely to result from populations
of Ve. funerea, Ae. multiplex and Ae. procax produced from the habitats of the Ballina
Nature Reserve. Within this reserve are diverse and extensive habitats that represent
the most significant mosquito habitat in the local area. In addition, Ae. vigilax are likely
to disperse into the area from estuarine wetlands along North Creek.

If the area is to be redeveloped, it is important that sedimentation pits, litter traps and
GPTs, and other structures constructed as part of the urban stormwater system, that
may retain water accessible to mosquitoes, be designed in such as way that they do
not provide specific habitat for Cx. quinquefasciatus and Culex molestus. These
habitats should be monitored and accumulation of sediment and organic material
should be removed to allow free draining or evaporative drying.

The development of the area includes the construction of freshwater wetlands and
their design features and management strategies that will ensure mosquito production
in minimised. There are bioretention and sediment basins proposed along with swales
and other stormwater infrastructure that may lead to ponding water (Figure 11). These
all hold potential for providing habitat for mosquitoes but the production of mosquitoes
from these habitats must be placed in context with the abundance of mosquitoes
emerging from the adjacent coastal swamp forest habitats.
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Figure 11: Design layout of Cumbalum Views Estate, Ballina, including proposed
offset areas and onsite urban stormwater infrastructure (provided by Vixsun Pty Ltd
and Intrapac Projects Pty Ltd)
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Figure 12: Vegetation to be retained onsite and in proposed offset areas associated
with Cumbalum Views Estate, Ballina (provided by Vixsun Pty Ltd and Intrapac
Projects Pty Ltd)
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2. Vegetation management and buffer zones

As the maijority of this site had been cleared for grazing, there were very few areas of
dense terrestrial vegetation, such as dense shrubs, woodland or thick forested areas
that may act as harbourage sites for mosquitoes. However, there was a moderately
large area of dense woodland to the immediate north-west of the site.

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.

The use of buffer zones, vegetated or non-vegetated areas between larval habitats
and/or harborage sites and residential/recreational areas 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.

There is anecdotal evidence that vegetation free buffer zones of 100m can minimise
the dispersal of mosquitoes associated with flooded Casuarina and Melaleuca forests
such as Ve. funerea. However, when Ae. vigilax is present and making a contribution
of overall pest impacts buffer zones are not considered a practical strategy to reduce
pest impacts.

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.

Interestingly, there is something of a buffer zone between the land parcel and the
Ballina Nature Reserve with approximately 150-200m of sparsely vegetated (with
shrubs) pastureland. While it is difficult to determine if collections of Ae. multiplex and
Ae. procax may be influenced by onsite production, species such as Ae. vigilax and
Ve. funerea were not collected as larvae on site and are expected to have dispersed
from larval habitats of adult harbourage sites within the Ballina Nature Reserve. The
abundance of these species within Cumbalum Views Estate was considered relatively
low, possibly indicating some influence of this “buffer”.

It is also important that new plantings of vegetation do not form corridors into new
residential areas or existing residential areas where mosquito populations are
relatively low. Within the current site, this will be difficult as major larval habitats and
harbourage sites are located very close to the site and the steepness of the
topography does not allow sufficient area for effective zones of sparse vegetation. In
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this situation, it is important to minimise the density of vegetation immediately
surrounding buildings as much as possible.

The most desirable design of buffer zones is to minimise refuge for mosquitoes and
maximise exposure to wind disturbance. With this in mind, buffer zones can be
incorporated into the design of residential developments by including walkways, cycle
paths and the construction of roadways around the boundary of development (i.e.
roadways form buffers between vegetation and residential allotments). While there is
no information available on local pest mosquitoes in the Ballina region, studies from
Far North Queensland have suggested that roads may inhibit the movement of
mosquitoes more so than grassed, or lightly vegetated, buffers of similar width.

The proposed design of the site, as provided in Figure 12, demonstrates that for much
of the area, the residential allotments are not directly adjacent to existing vegetation
and coastal swamp forest habitats with roadways providing a narrow buffer. While this
strategy won’t completely mitigate any mosquito impacts, it may assist in reducing pest
impacts.

3. Adult mosquito control: Adulticides & barrier treatments

The routine application of adulticides is not a viable management strategy and should
only be considered during disease epidemics. Although there are products available
that may be useful 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, may be considered offensive (visually and smell depending
on product used) and may have substantial non-target impacts.

A recently proposed mosquito mitigation strategy is the use of barriers treated with a
residual insecticide, bifenthrin (trade name BISTAR), to increase the mortality rate of
adult mosquitoes. 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. However, there are warnings on the
label that the product is toxic to bees, fish & aquatic organisms and the use of this
product adjacent to a nature reserve may not be considered appropriate. There are no
published reports available on the impact to non-biting insects but as this product is a
contact poison, it is likely that many of these non-target insects may be Kkilled if
exposed to the product.
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4. 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 Ballina Nature Reserve, it is unlikely that domestic
mosquito traps will be capable of significantly reducing localised mosquito populations
or minimizing the nuisance biting impacts.

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.

5. Residential development

Where possible, the highest density of residential dwellings should be located as far
as possible from the nearest productive mosquito habitat, in the case of this site, it is
the Ballina Nature Reserve. In most cases this is difficult and other factors often
determine the design of new or redevelopment residential areas.

While some mosquito activity should be expected in outdoor areas, the entry of
mosquitoes into buildings can often have significantly greater nuisance impacts. Fly
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.

Page 40



493

Mosquito Risk Assessment: Cumbalum Views Estate, Ballina. April 2016

Modern rainwater tanks generally do not represent high risk mosquito habitat as they
are generally screened and fitted to the guttering and downpipes of dwellings. It is
uncertain, however, if these tanks may provide opportunities for mosquito production
in the future. Tanks and especially screens should be maintained to stop any mosquito
production.

Ideally, water holding structures (e.g. rainwater or stormwater) should be designed
and maintained so that mosquito populations are minimised but, if required, there are
two mosquito control agents that may be suitable for use in these types of habitats.

6. Personal protection and education

As with all urban developments located close to wetlands, it should be expected that
some mosquitoes will be active during the summer months. Residents and visitors
should be encouraged to undertake personal protection measures to reduce the
impact of nuisance biting and the risk of arbovirus disease transmission.

Avoidance of woodland areas during the peak periods of mosquito activity (ie. dusk
and dawn) and the use of personal insect repellents (formulations containing DEET or
Picaridin or mosquito coils containing insecticide) are also highly recommended to
minimise mosquito impacts. There are many products available that contain plant
extracts and essential oils as their active ingredient. These products have been shown
to offer protection for only a short period of time and when undertaking activity around
this area, particularly during the warmer months, repellents containing “natural”
products are unlikely to offer sufficient protection.
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RECOMMENDATIONS

Redevelopment of the land within Cumbalum Views Estate (previously refered to
as Precinct A — Cumbalum Structure Plan 2006) for residential areas should be
undertaken with the understanding that there will be some nuisance biting
impacts during the period November to April each year associated with mosquito
populations produced from nearby habitats. The magnitude of impacts will vary
from year to year with pest impacts greatest following high tides and large
quantities of rainfall.

There is no evidence to suggest that this area of the Cumbalum Views Estate is
exposed to significantly greater nuisance biting or public health risks associated
with local mosquito populations than any other area surrounding the Ballina
Nature Reserve or local estuarine wetlands.

The use of buffer zones may not substantially reduce mosquito impacts given
the proximity of the land parcel to extensive mosquito habitats in the Ballina
Nature Reserve. However, it may be beneficial to locate open or sparsely
vegetated areas (e.g. parkland or sporting fields) at the eastern end of the site
(as proposed) to minimise dispersal of mosquitoes into residential developments.
Where possible, vegetation should be kept at a low density in the immediate
vicinity of residential dwellings with the higher density of dwelling located towards
the western end of the land parcel.

All residential dwellings and community buildings within future developments
should be fully screened with flyscreen to prevent entry to buildings by pest
mosquitoes.

Existing water bodies (e.g. small to medium sized farm dams) should not be
significantly altered during the construction/redevelopment process to such an
extent that they become more suitable mosquito habitats. Physical modification,
planting extensive aquatic vegetation and/or removing fish may all contribute to
an increase in the suitability of the habitat for mosquitoes.

If constructed wetlands (or bioretention basins or swales) are proposed for the
site, appropriate design, water management and vegetation management advice
should be sort from a professional entomologist to ensure that they do not
represent a suitable mosquito habitat and contribute to the overall pest
populations.

New and existing residents, as well as visitors, should be educated on the
importance of personal protection strategies to minimize exposure to nuisance
biting and potential public health risks associated with local mosquito
populations.
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