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In November 2007, Walker Corporation briefed University of South Australia to
undertake the necessary assessment. The main tasks in that brief were as
follows.

o Determine the size of the mosquito population on the site, and any risks to
human health associated with this population, by desktop study and field work.

e Evaluate potential public health risk associated with mosquitoes and mosquito
borne diseases, considering potential changes associated with global and local
climatic change.

e Identify monitoring and control measures to be implemented.

e Describe how proposed mosquito control measures will impact on indigenous
fish and fauna in the locality that rely on mosquitoes for food. In particular, the
potential impacts on recreational fishing and local ecology should be considered.

This assessment addresses the EIS Guidelines and the tasks listed above.
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2. NATURE AND SCALE OF MOSQUITO
COMMUNITIES

2.1 INTRODUCTION

Mosquitoes usually occur as communities; namely groups of populations of
different species. Each species may vary in the nature of the ecological niche
it occupies, resulting in variable habitat and climate requirements. For this
reason, each mosquito species in a given location will vary in terms of when it
is abundant and the extent of nuisance and disease risk it poses to humans.

Furthermore, because the environmental conditions (including weather) will
vary from year to year, so will the size of mosquito populations. So, the
'mosquito population' at a particular site is actually a diverse community of
species that is spatially and temporally dynamic.

Only by studying mosquito communities over several years at a location can
we hope to fully understand it. Thankfully, much is known about nearby
mosquito communities in the region of the site, along the coast north of
Adelaide, meaning that with a small amount of data collection a great deal
about mosquitoes in Buckland Park and its environs can be surmised.

Two types of risks to human well-being are posed by mosquitoes: nuisance
biting and disease. Although disease is always considered serious, the
problem of nuisance biting cannot be discounted, as it may impact on lifestyle
and community morale.

The nature of mosquito risks to human well-being is dependent upon the
composition of the mosquito community; i.e. what species of mosquitoes are
present and in what numbers.

Within urban areas there are two major sources of mosquitoes capable of
causing a nuisance and transmitting disease.

Urbanised species, which could breed within the site.
Rangeland species, such as:
e Coastal mosquitoes, which may move into the site from the west;

e Peri-urban mosquitoes which may move into the site from adjacent
areas (horticulture, compost production, horse agistment etc.).

e Mosquitoes which move into the site under the influence of regional
phenomena, for example long distance transport (trucks and trains).

The direction of these potential incursions by rangeland species is shown at
Figure 7 below.

2.1.2 Urbanised communities
Urbanised species can breed in habitats unwittingly provided by humans.
Such habitats include drains, artificial containers, and roof gutters that
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become filled with water. There are particular mosquito species that are
adapted to these habitats.

Aedes notoscriptus is a native species distributed throughout Australia. It
breeds well in natural water-filled tree holes and phytotelmata, and has made
a successful shift into urban environments as a result of the ability to exploit
artificial containers for breeding.

It is the major rainwater tank-breeding species in Adelaide, and colonises
blocked gutters, self-watering pots and other containers.

It is likely that with a residential development at Buckland Park, there will be
an increase in Ae. notoscriptus numbers.

However, we estimate that the nuisance and disease risk posed by Ae.
notoscriptus would not be any greater at Buckland Park than for any other
residential area in Adelaide.

Culex quinquefasciatus and Culex molestus are cosmopolitan species that
breed in a variety of artificial containers, drains, tanks and groundpools. They
prefer eutrophic water, so are well suited to nutrient-rich conditions such as
septic tanks and run-off from well-fertilized areas.

As with Ae. notoscriptus, the disease and nuisance risk posed by these
species in a Buckland Park development should be no greater than for any
other residential area in Adelaide.

Culex globocoxitus and Tripteroides atripes may increase in abundance
as a result of the proposal.

2.1.3 Rangeland communities

Rangeland species can breed in naturally occurring habitat, that may be fresh,
brackish or saline. These habitats include water-filled tree holes and ground
pools. Ground pools may be filled by rainfall, groundwater or tidal action.

Mosquitoes breeding in brackish and saline habitat in low lying marshy areas
can breed in enormous numbers and create nuisance and disease risks of
significant magnitude.

Although they do not originate in urban areas, rangeland species may breed
in nearby habitat and fly into them.

In Australia, non-urban mosquitoes are responsible for the majority of vector-
borne disease. At particular risk are communities at the fringes of urban
areas, as these tend to be closer to non-urban mosquito breeding grounds.

Furthermore, suitable habitats may be provided in suburban areas; for
instance by run-off from drains into grassy depressions.

In any proposed housing development near the coast, the risk of incursions
from coastal mosquitoes must be considered.
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The figure below shows the likely breeding places for these mosquitoes within
the site’s environs. It illustrates the role of tide height, temperature and fish
predation on the population dynamics of these coastal mosquitoes.

Figure 5: Profile of the niches of the two dominant coastal mosquitoes west of
Buckland Park

A Aedes cqmpfor]wmhus B. Aedes vigilax
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Samphire and mangrove forest are located to the immediate west of the site
(Fig. 6). Given the proximity of the site and proposal to extensive samphire
swamp, it is considered likely that coastal mosquitoes may pose a risk to
humans.
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Figure 6: Mapping of vegetation types in the Buckland Park environs.
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Southern Australia is home to two important coastal species. The northern
salt marsh mosquito (Aedes vigilax) and southern salt marsh mosquito (Aedes
camptorhynchus). They are both competent vectors of arboviruses and can
episodically occur in very high numbers.

Both species are known to be responsible for Ross River virus transmission
throughout Australia (Ballard & Marshall 1986; Mackenzie et al. 1998).

However, the role of these species as disease vectors in South Australia (SA)
is unclear.

Both types are well recognised as pest species in areas north of Adelaide
(Williams et al. 2001), and are known to be capable of dispersing several
kilometres from breeding grounds (Lee et al. 1984).

They are therefore a potential concern for the Buckland Park proposal.

Aedes camptorhynchus, is a large, vicious biter that breeds in brackish
ground pools in both coastal and inland areas.

In SA it is most adundant in spring and early summer and is common in low-
lying areas with some ground salinity. Aedes camptorhynchus breeds
particularly well amongst inundated samphire, which can be found to the west
of the site (Fig. 6). Abundance of this species is determined particularly by
rainfall and cooler temperatures.

BUCKLAND PARK MOSQUITO ASSESSMENT
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Aedes camptorhynchus is known to fly several kilometres from breeding sites
(Lee et al. 1984, M. Lindsay WA Dept Health, pers. comm. 2007) and thus
may make incursions into the proposal’s future residential areas causing
nuisance and disease impacts.

Aedes vigilax, is a medium-sized vicious biter that breeds in brackish, saline
and hypersaline groundpools. It breeds in inundated samphire and in pools
amongst mangrove forest (see Figure 6).

In SA it is most abundant in mid-late Summer and Autumn. Abundance of this
species is determined particularly by tidal action and higher temperatures.
This species is known to fly up to 50 kilometres from breeding sites (Lee et al.
1984) and thus may make incursions into the proposal’s future residential
areas causing nuisance and disease impacts.

The abundance of Ae. vigilax is unlikely to be greatly affected by the proposal.
However, poor drainage and movement of stormwater into adjacent
undeveloped areas may create breeding habitat for Ae. camptorhynchus,
particularly after rainfall in spring and early summer.

Both Ae. camptorhynchus and Ae. vigilax will make seasonal incursion into
the site from coastal areas to the west, as illustrated in Figure 7, creating a
risk of nuisance and disease in spring and early summer.

Any recommendations for management should focus on these species and
these times of the year.

2.3 STUDY METHOD

Our initial aim was to characterise the composition of the mosquito community
at Buckland Park, through analysis of previous data and literature and new
field investigations. With this information we then aimed to analyse the
community for its potential risks posed to human health and well-being in the
event that a population of many thousands of people become resident there.

We used two modes of investigation.
2.3.1 Analysis of historical records for northern Adelaide mosquitoes

In-house records of the Mosquito and Plant Research Laboratory at University
of South Australia (UniSA) were analysed. These records comprise mosquito
collection data from coastal areas north of Adelaide from 1997 onwards. A
large number of records were from suburban areas in the City of Salisbury,
particularly Globe Derby Park (approx. 10km south of the site), which is
adjacent to several freshwater wetlands, samphire swamp and mangrove
forest. The conditions at Globe Derby Park are extremely similar to those in
Buckland Park in terms of nearby vegetation.

Records of ad hoc collections from the St Kilda region and Buckland Park
estate were also examined. Mosquito collection records from Torrens Island
and nearby samphire swamp areas were obtained from the SA Department of
Health and analysed. Previous publications concerning mosquitoes in
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Adelaide (Williams et al. 1999, 2001; Williams and Proctor 2002) were
consulted to determine species that could plausibly occur at Buckland Park.

2.4.1 Mosquito survey of Buckland Park and environs

Collections of mosquitoes were made at the proposal’s site and nearby
environs during Jan-Feb 2008. Carbon dioxide baited light traps (EVS type,
Rohe and Fall 1979) were used.

These devices collect adult female mosquitoes that are searching for
bloodmeal hosts, meaning that this form of sampling gives a good
representation of the species likely to be posing the greatest nuisance or
disease risk.

> Mosquito Incursions
" Unusual Mosquito Incursions

Mosquito Trapping Locations

Figure 7: Mosquito Trapping Locations and Anticipated Direction of Incursions.
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24 RESULTS
2.4.1 The mosquito community

We found mosquitoes at Buckland Park from within the urban and rangeland
communities.

2.4.2 Urban mosquitoes

Urban mosquitoes were present in only small numbers during our survey. This
was expected due to the lack of current development at the site.

2.4.3 Rangeland mosquitoes

Rangeland mosquitoes were abundant during our survey, especially Ae.
camptorhynchus and Ae. vigilax. The latter was most abundant, at a level far
exceeding the generally accepted ‘nuisance threshold’ of 100 per trap per
night (165 per trap were collected during survey work in Jan-Feb 2008).

2.4.4 Predicted seasonality and abundance of major mosquito species

Systematic longitudinal studies of mosquito communities over several years at
nearby coastal areas were available.

Our analysis of historical data enabled us to construct seasonality curves of
major species which we have confirmed as occurring at Buckland Park. Of
particular interest are the rangeland Ae. camptorhynchus and Ae. vigilax.

Given the close proximity of these previous studies, we expect very similar or
identical seasonal patterns to apply at Buckland Park. The situation at Globe
Derby Park is extremely similar to that proposed Buckland Park in many
respects. It consists of a residential development built on low elevation land
immediately to the east of samphire swamp and mangrove forest. Such
proximity between residential development and mosquito habitat can be seen
at various points along the South Australian coastline. Townships such as
Whyalla, Pt Pirie, Pt Broughton and Cowell all suffer from periodic mosquito
nuisance due to the close proximity of coastal mosquito breeding habitat.

Urban Species: Informative seasonality data was available for Cx.
globocoxitus and Cx. quinquefasciatus. Abundance of Cx. quinquefasciatus, a
prolific urban species, peaked in late summer (Fig. 8). By contrast, Cx.
globocoxitus was more common from late spring until the start of autumn.

In general, the abundance of both species at Globe Derby Park did not
exceed 20 mosquitoes per trap per night, a level well below typical 'nuisance
biting' thresholds (approx. 100 per trap per night).

There is no cause to suspect a greatly different seasonal pattern for Culex
species at the site.

BUCKLAND PARK MOSQUITO ASSESSMENT
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Figure 8: Seasonality of Culex globocoxitus and Culex quinquefasciatus for the
period 2000-2007 at coastal Adelaide sites approx. 10km south of Buckland
Park. Mean trap collection +/- SEM is presented
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Rangeland coastal Aedes mosquitoes: both Ae. camptorhynchus and Ae.
vigilax demonstrated strong seasonality (Fig. 9). The abundance of both
species was consistently above threshold nuisance levels of 100 per trap per
night, with Ae. camptorhynchus a major pest from September to December,
and Ae. vigilax a pest after the new year.

We would expect similar seasonal patterns and nuisance biting problems at
Buckland Park.

Figure 9  Seasonality of Aedes camptorhynchus and Aedes vigilax for the period
2000-2007 at coastal Adelaide sites approx. 10km south of Buckland Park.
Mean trap collection +/- SEM is presented. The nuisance threshold of 100
per trap per night is also shown.
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2.5 CONCLUSION

The most abundant members of the mosquito community at Buckland Park
are rangeland coastal mosquitoes that breed in samphire and mangrove
swamps to the west. At comparable sites nearby, such mosquitoes are
present at nuisance levels (i.e. > 100 per trap per night) for much of the period
from September to April. In particular, we would expect Ae. camptorhynchus
to be a nuisance from Sep-Dec, and Ae. vigilax from Feb-Mar. While some
variation to this timing would be expected, our analysis reveals a reasonable
amount of predictability to such nuisance. With the development of human
habitation and infrastructure, it is likely that some increased abundance of
urban breeding mosquitoes in the area will occur.

(Table 1 below summarises the mosquito community composition and the
risks posed by each member species).
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Table 1:

Asterisk denotes collection during 2008 survey.

SPECIES

Aedes australis

Aedes
camptorhynchus

Aedes
notoscriptus*

Aedes vigilax*

Anopheles
annulipes*

Culex
annulirostris*

Culex australicus

Culex
globocoxitus*

Culex molestus*

Culex
quinquefasciatus*

Tripteroides
atripes

BUCKLAND PARK MOSQUITO ASSESSMENT

SEASONALITY

Summer months

Spring, early
summer

Summer, Autumn

Mid-late Summer
and autumn

Summer

Summer

Summer

Spring, summer,
autumn

Spring, summer,
autumn

Spring, summer,
autumn

Spring, Autumn

HABITAT

Coastal saline

Coastal brackish

Urban / sylvan

Coastal saline

Non-urban
groundpools

Non-urban
groundpools

Non-urban
groundpools

Urban and non-
urban goundpools
and drains

Urban drains,
tanks and sumps

Urban drains,
tanks and sumps

Urban/sylvan

LIKELY
NUISANCE

RATING

Low

High

High

High

Low

Medium

Low

Low

High

High

Low

Mosquito species that occur (or are likely to occur) at Buckland Park.

LIKELY
VECTOR
STATUS

Ross River
virus,
Barmah
Forest virus

Ross River
virus

Ross River
virus

Ross River
virus
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3. DISEASE RISK POSED BY MOSQUITOES

Following the characterisation of the local mosquito fauna and given
knowledge of the disease vector status of each species, we provide the
following risk assessment for potential mosquito-borne disease at Buckland
Park.

3.1 ROSS RIVER AND BARMAH FOREST VIRUSES

Ross River and Barmah Forest viruses are the most likely vector-borne
diseases to cause human infection at Buckland Park.

There are regular human notifications of locally acquired infections for both
viruses throughout metropolitan Adelaide. Notification data for Ross River
virus infection for the period Jan 1 — Dec 31 2007 in the nearby Salisbury local
government area revealed an infection rate of 7.2 per 100,000 population
(source, SA Department of Health, Communicable Disease Control Branch).

Likely local vectors of these viruses are the abundant rangeland coastal
mosquitoes, Ae. camptorhynchus and Ae. vigilax, making these species an
important focus for management in Buckland Park.

3.2 MURRAY VALLEY ENCEPHALITIS, WEST NILE AND KUNJIN
VIRUSES

The risk posed by the flaviviruses, Murray Valley Encephalitis virus, West Nile
virus / Kunjin virus, is predicted to be very low for Buckland Park.

While local mosquitoes may be competent vectors of these pathogens, there
is little recorded transmission of these viruses in SA. The reasons for the
absence of transmission in SA is not well understood. However, it is likely to
be related to the behaviour and ecology of the reservoir viral hosts (such as
waterfowl).

The last recorded human Murray Valley Encephalitis infection in SA was in
2000, in the far north west of the state (Conan Liu, Office of Health Protection,
Dept. of Health and Ageing, pers. comm. July 2008).

There is no reason to believe the risk of infection at Buckland Park posed by
these viruses is any different to that elsewhere in metropolitan Adelaide.

3.3 DENGUE AND CHIKUNGUNYA VIRUSES

There is little to no perceived risk of local Dengue or Chikungunya
transmission at Buckland Park, as there is a complete absence of known
competent mosquito vectors there (Aedes aegypti and Aedes albopictus).

3.4 MALARIA

Despite the presence of a potential malaria vector at Buckland Park,
Anopheles annulipes, the risk of local malaria transmission is extremely small.
The abundance of An. annulipes is extremely low.

The low frequency of malaria-positive people in SA supports the conclusion
that infection with malaria will present only a low risk to future Buckland Park
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residents. Virtually all malaria in Australia is brought in by travellers returning
from overseas (Liu et al. 2006).

3.5 CONCLUSION

It is likely that some transmission of Ross River virus will occur at Buckland
Park in the future. Ross River virus transmission regularly occurs in
metropolitan Adelaide. De-identified notification data for Ross River virus
infection for the period Jan 1 — Dec 31 2007 in the nearby Salisbury local
government area, revealed an infection rate of 7.2 per 100,000 population
(source, SA Department of Health, Communicable Disease Control Branch).
This was during a non-epidemic year, and may be considered a typical
baseline transmission level. If such a level of transmission was maintained, it
would be reasonable to expect 1 notified case per annum in a Buckland Park
population of 15,000 people, and approximately 2 cases per annum in 30,000
people. Predicting the exact amount of future transmission is not possible,
although it would be reasonable to state that some years no transmission
would occur, while in others there may be several cases.

BUCKLAND PARK MOSQUITO ASSESSMENT
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4. POTENTIAL IMPACT OF GLOBAL AND LOCAL
CLIMATIC CHANGE

4.1 INTRODUCTION

Mosquito abundance is determined largely by local climate and ecology.
Thus, any changes to local climate are likely to have some influence on
mosquito abundance, and therefore nuisance and disease risk. While it is
impossible to predict these changes with a high level of confidence, we can
make some broad predictions of likely mosquito fauna changes as a result of
a changed climate.

Changes in global and regional climates over the 21st century are predicted
due to the history of, and ongoing human-induced, greenhouse gas and
sulphate aerosol emissions (CSIRO 2001) altering atmospheric composition
(Mclnnes et al. 2003). An altered radiative balance caused by such emissions
has lead to increasing air temperatures, which in turn influences the global
hydrological cycle, causing changes in rainfall patterns (Preston & Jones
2006). There is evidence to suggest these altered rainfall patterns, combined
with low pressure systems and associated storm surges, can contribute to sea
level rise (Mclnnes et al. 2000). Predictions of climate changes for the
Adelaide region have been compiled with the use of various global and
regional climate models (McInnes et al. 2003; CSIRO 2001).

4.2 CLIMATE CHANGE PREDICTIONS FOR ADELAIDE REGION
4.2.1 Temperature Changes

On average, the Earth has warmed by 0.6 + 0.2°C since 1900 (CSIRO 2001;
Preston & Jones 2006). Between 1910 and 2001, Australia’s average
temperature rose by 0.08°C per decade. Australia’s minimum temperature
increased by 0.11°C, while the maximum temperature increased by 0.06°C
per decade. Between 1950 and 2003, SA’s maximum temperature has
increased more rapidly than national trends, at a rate of 0.17°C per decade,
while the minimum has increased at a rate of 0.18°C per decade. The
average temperature increase for SA has been 0.17°C per decade (Mclnnes
et al. 2003).

Predicted temperature increases for the Adelaide region, relative to 1990
averages are detailed in Appendix One.

4.2.2 Rainfall Changes

Between 1950 and 2001, Australia’s average annual rainfall generally
decreased, however, there is regional and climatic variability (drier and wetter
periods) (McInnes et al. 2003). Predicted rainfall decreases for the Adelaide
region relative to 1990 averages are detailed in Appendix One.

4.2.3 Predicted quantitative effects of temperature and rainfall changes

In the light of the predicted changes to Adelaide's rainfall and temperature in a
future climate, some variations to the composition and abundance of the local
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mosquito fauna are predicted. These can only be discussed only in general
terms, given the current understanding of local mosquito ecology.

There are, however, some more precise predictions that may be made with
respect to the locally abundant coastal mosquitoes, Ae. camptorhynchus and
Ae. vigilax.

Aedes vigilax: We have developed a logistic regression model that describes
the probability of Ae. vigilax population spikes in response to environmental
variables.

This model has been developed from seven years of historic mosquito
surveillance data in the northern Adelaide coastal region. The formulation
used STATA statistical software (Ver. 9.2) and locally available meteorological
data.

The resultant model identifies the key predictive drivers for Ae. vigilax in
northern Adelaide and enables the calculation of spike probabilities. In this
case we define a population spike as abundance over 100 female mosquitoes
per trap (Rohe & Fall 1979) per night. This figure is a good correlate with
abundance required to create noticeable nuisance biting in nearby human
residences. The methods used and the resultant algorithm describing Ae.
vigilax population spike probability is given in Appendix One.

To calculate predicted climate change impacts for the year 2030, 0.3°C was
added to the monthly average daily minima temperatures, and 1.2°C was
added to the average daily maxima.

The result is an increased probability of Ae. vigilax population spikes
throughout summer, autumn and late spring (Fig. 10). The models predict an
approximately 15% increased risk of Ae. vigilax nuisance problems in
February and March, and approximate 5% probability increases in January
and April. There is no suggestion of a longer Ae. vigilax season.

Thus, we expect residents at Buckland Park to have a greater probability of
experiencing Ae. vigilax mosquito biting in Summer and Autumn in 2030
compared with today. We have insufficient information to determine whether
this poses an increased risk of arboviral disease, as impacts of climate
change on other aspects of the virus transmission cycle could not be
modelled.

NOTE: These predictions assume no significant change in Ae. vigilax
physiology and ecology between now and 2030.
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Figure 10:  Probability of Aedes vigilax population spikes occurring in each month in
northern Adelaide. Curves for current climatic conditions and those under
a climate change scenario for 2030 are shown.
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Aedes camptorhynchus: As for Ae. vigilax, a logistic regression model was
developed that describes the probability of Ae. camptorhynchus population
spikes in response to changed environmental variables. This model has been
developed for the northern Adelaide coastal region, based on seven years of
historic mosquito surveillance data, using STATA statistical software and
locally available meteorological data. The methods used and the resultant
algorithm describing Ae. camptorhynchus population spike probability is given
in Appendix One.

To calculate predicted climate change impacts for the year 2030, 0.3°C was
added to the monthly average daily minima temperatures, and 1.2°C was
added to the average daily maxima. We used the maximum predicted annual
rainfall decrease, -9%, to generate predicted monthly rainfall. The result is a
decreased probability of Ae. camptorhynchus population spikes throughout
Winter, Spring and early Summer (Fig. 11). The models predict an
approximately 12% decreased risk of Ae. camptorhynchus nuisance problems
in October, and an approximate 5% probability decrease in December.

Thus, we expect residents at Buckland Park to have a reduced probability of
experiencing Ae. camptorhynchus nuisance mosquito biting in Winter, Spring
and early Summer in 2030 compared with today. We have insufficient
information to determine whether this poses a decreased risk of arboviral
disease, as impacts of climate change on other aspects of the virus
transmission cycle have not been modelled.

NOTE: These predictions assume no significant change in Ae.
camptorhynchus physiology and ecology between now and 2030.

BUCKLAND PARK MOSQUITO ASSESSMENT 23



Figure 11: Probability of Aedes camptorhynchus population spikes occurring in each
month in northern Adelaide. Curves for current climatic conditions and
those under a climate change scenario for 2030 are shown.
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General comments about predicted climate change and local mosquito
fauna (excluding Ae. camptorhynchus and Ae. vigilax)

Without detailed ecological modelling, it is impossible to make quantitative
predictions about how mosquito fauna may change in response to an altered
climate. However, given the overall prediction of slightly higher temperatures
and lower rainfall in Adelaide, we can make some informed speculation about
the potential impacts.

Higher temperatures will shorten generation time and potentially allow greater
numbers of urbanised mosquitoes, especially Ae. notoscriptus, to emerge and
pose a nuisance and/or disease threat. By contrast, Cx. molestus and Cx.
guinguefasciatus may increase in response to greater water-storing, or
decrease in response to reduced rainfall run-off into drains and sumps.
Mosquitoes breeding in habitats unwittingly provided by humans may increase
or decrease in response to altered climate. Species breeding in rainwater
tanks may increase as these devices are increasingly utilised by water-storing
residents.

Rangeland species may be expected to decrease as rainfall decreases.
Species affected would include Cx. annulirostris, Cx. australicus and An.
annulipes.
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4.3 CONCLUSION

Modelling of the ecological drivers of the two main pest mosquito species at
Buckland Park, Ae. camptorhynchus and Ae. vigilax has permitted the
potential impact of climate change on their seasonal abundance to be
assessed.

Increases in Ae. vigilax pest effects are predicted to occur by 2030 in late
Summer. By contrast, Ae. camptorhynchus pest effects are likely to be
reduced by 2030. Effects of altered climate on other species cannot be
quantified at this stage.

Nonetheless, it is likely that some will decrease and possibly disappear
entirely, while others will continue to flourish.
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5. POTENTIAL MONITORING AND CONTROL
MEASURES

5.1 INTRODUCTION

Mosquito control measures need to be applied within the framework of a
strategic plan. All too often, the trigger for mosquito control measures is a
series of complaints from residents. By this time, there is very little which can
be done to ameliorate the problem and, in fact, these measures are frequently
only effective in addressing the public’s perception of the impacts.

We propose the establishment (and intelligent modification) of an Integrated
Vector Management Strategy (IVMS) for Buckland Park. The main reason for
taking a wider approach is because mosquito problems are more easily
solved by pre-emptive action. Such action must be taken in the light of useful
data gathered from monitoring programs.

An IVMS for Buckland Park would be based on the following guiding
principles:

. Control measures are preferably pre-emptive and not reactive;

. The strategy is dynamic and is constantly modified in the light of new
insights;

. The vision taken is contextual for both local and regional issues;

. Sufficient resources are provided to conduct effective mosquito
surveillance and control;

. Mosquito management is conducted by individuals with vision and
imagination who keep up to date with current mosquito trends and
intelligence.

Our previous discussion has established that urbanised mosquitoes may be a
problem in Buckland Park, though no greater than in any other urban area in
Adelaide.

Coastal rangeland mosquitoes, particularly Ae. vigilax and Ae.
camptorhynchus, pose a risk of nuisance and disease for future residents. As
previously stated, this nuisance is most likely to occur in the period Sep-Dec
(Ae. camptorhynchus) and Feb-Mar (Ae. vigilax).

Different management methods apply to the two different types of
communities.

In South Australia there are various stakeholders involved in the management
of mosquitoes (Environmental Health Service 2007). These include:

e The community

e Land owners

e Local Government
e State government

e Commonwealth government
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e Others such as research institutions, tourism interests.

Each stakeholder has its own responsibilities and concerns. An IVMS
approach ensures that each works together to achieve the most effective
results.

The South Australian Integrated Mosquito Management Strategy 2007 is
being applied to the management of mosquitoes throughout South Australia.

It is considered that application of its principles to a future urban area at
Buckland Park will assist in effectively managing mosquitoes at the site.

5.2 MONITORING

In order to provide appropriate data for the IVMS, particular monitoring is
required. This should take four forms.

5.2.1 Mosquito Population and Disease Intelligence

Mosquito management should be undertaken in the light of data from a variety
of sources. While the gathering of data specific to the site of interest from
larval and adult mosquito collection is vital, it is also important for mosquito
managers to monitor and assemble information from the following sources:

. Arboviral disease notifications from the South Australian Health
authorities.

. Literature about new mosquito introductions.

. Literature about emerging arboviral diseases.

. A network of environmental health personnel and academics working in

government and universities within South Australia.
5.2.2 Environmental Parameters

Arrangements should be made to gather daily temperature, rainfall and tide
height data for the coastline immediately west of Buckland Park for the
mosquito active period (Sep-Apr). These data are particularly important for
the prediction of problem outbreaks of coastal mosquitoes (Aedes vigilax in
summer and Aedes camptorhynchus in winter) in light of patterns observed in
very similar environs close to the site. The collection and analysis of such
data would not necessarily be the work of one person, but would be part of an
integrated management strategy involving several people.

5.2.3 Weekly Larval Dipping

'Sentinel' larval locations should be semi-quantitatively dipped on a weekly
basis in the mosquito season, September to May. This should involve taking
ten random dips from the water using the appropriate method and recording
the average number per dip. We recommend that sentinel locations be
selected in the following areas: along the coast west of Buckland Park; within
drains and ephemeral ponds in the site; in depressions and ephemeral water
bodies associated with Thompsons Creek; and in areas adjacent to
horticultural, horse agistment and composting activities.
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5.2.4 Weekly Adult Trapping

Carbon Dioxide-baited adult mosquito traps should be deployed on a weekly
basis at locations shown below during the period Sep-Apr.

Figure 12: Proposed Adult Monitoring Locations

Proposed atiult monitoring sites

Trap 1 At a secure location west of the site in order to monitor the
eastward movement of problem coastal mosquitoes.

Traps 2 & 3 Two traps within the site in order to monitor both urban
(endogenous) and rangeland (exogenous) mosquito species.

Trap 4 In association with Thompson Creek in order to monitor
mosquito activity associated with ephemeral waters of that
drainage.

Trap 5 A trap which may be moved to any location on the periphery of

the site in order to gauge the extent of mosquito incursions from:
greenhouses; composting activities and horse agistment.

Over and above the patterns which will be revealed by the adult mosquito
trapping above, there will be regular data available that will indicate any
unusual mosquito incursions which may signal possible disease risk. Such
unusual incursions may include exotic species or and/important disease
vectors hitherto unknown in the region.
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5.2.5 Translating Monitoring into Action

The framework below operates on an 'If, Then' principle. The 'lf ‘component is
supplied from the various monitoring activities outlined above and the 'Then'
component denotes the recommended action (control measure or otherwise).

Table 2:

Framework for Monitoring Activities

MONITORING AND [IF THEN ACTION
SURVEILLANCE

Environmental Parameters

Environmental Parameters

Environmental Parameters

Environmental Parameters

Arboviral Disease
Notifications

Arboviral Disease
Notifications

Trap 1. Monitoring

Traps 2 & 3 Monitoring

Traps 2 & 3 Monitoring

Cool weather, High Tidal
Range

Hot weather, Low Tidal
Range

Sustained and heavy
winter rainfall

Sustained and heavy
summer rainfall

Several cases reported in
the area (radius 10 km)

Arboviral epidemic
reported in the area
(radius 10 km)

Numbers of coastal
mosquitoes exceed 50 per
trap

Numbers of common pest
urban species are high

Numbers of coastal
species are high
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Inspect perched coastal
pools for Aedes
camptorhynchus breeding

Inspect mangrove coastal
pools for Aedes vigilax
breeding

Inspect perched coastal
pools for Aedes
camptorhynchus breeding

Inspect urban area for
ephemeral pools

Inspect all larval habitat in
the suburb and surrounds
for breeding.

Activate Emergency Plan
and coopt additional
personnel

Check coastal larval habitat
for breeding

Search for urban larval
habitat

Check coastal larval habitat
for breeding

Low larval numbers (< 1 per
dip) will not require
treatment. Otherwise treat
pools with S-Methoprene.

Low larval numbers (< 1 per
dip) will not require
treatment. Otherwise treat
pools with containing many
small instars with S-
Methoprene. If there are
many large larval instars
apply knockdown with B.
thuringienisis formulations.

Low larval numbers (< 1 per
dip) will not require
treatment. Otherwise treat
pools with containing many
small instars with S-
Methoprene. If there are
many large larval instars
apply knockdown with B.
thuringienisis formulations.

Treat pools prophylactically
with S-Methoprene. If there
are many large larval
instars apply knockdown
with B. thuringienisis
formulations.

Take pre-emptive action to
reduce larval populations by
knockdown spraying and
installing S-Methoprene
briquettes

e Broadscale larvicidal
treatments;

*  Adult Mosquito
Knockdown;

e Public Education;
* Media Releases

Low larval numbers (< 1 per
dip) will not require
treatment. Otherwise treat
pools with containing many
small instars with S-
Methoprene. If there are
many large larval instars
apply knockdown with B.
thuringienisis formulations.

Undertake spot control in
urban habitats (rainwater
tanks; drains, puddles etc.);
News release for local radio
or newspaper; Public
education

Low larval numbers (< 1 per
dip) will not require
treatment. Otherwise treat
pools with containing many
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small instars with S-
Methoprene. If there are
many large larval instars
apply knockdown with B.
thuringienisis formulations.

Traps 2 & 3 Monitoring Numbers of unusual Consult with health Check all larval habitats for
disease vector species are authorities for concerted unusual larval species and
high action. Decide on whether apply control measures;

the Emergency Plan should Consult with neighbouring
be activated. suburbs for similar

outbreaks; Issue warnings
through media; Public

Education.
Traps 4. Monitoring Numbers of open drainage Survey open spaces Low larval numbers (< 1 per
species are high associated with surface dip) will not require
drainage related to treatment. Otherwise treat
Thompson's Creek pools with containing many

small instars with S-
Methoprene. If there are
many large larval instars
apply knockdown with B.
thuringienisis formulations.

Traps 5. Monitoring Numbers of species Survey adjacent facilities Arrange for the

(Moved according to associated with peripheral (with owner permission) for implementation of

industries are high mosquito breeding sites appropriate control
measures and supply
necessary information for
the reduction of mosquito
breeding sites.

indicated need)

All Larval Dipping Overall patterns of larval Document different Take appropriate control
abundance indicate future patterns; take advice measures
problems

All adult trapping Overall patterns of adult Document different Take appropriate control
abundance indicate future patterns; take advice measures
problems

5.3 MANAGEMENT

A variety of mosquito control measures is available. Each situation involves
the application of the appropriate control measure. For example, in an
extreme medical emergency where there is a mosquito-borne disease
epidemic, it would be appropriate to contemplate using broad acre aerial
spraying. On the other hand, for minor local nuisance mosquitoes, limited
larvaciding may be appropriate.

A major principle of mosquito control usually rules all actions: source
reduction (reducing larval populations) should be the primary aim.

Given the potential environmental and economic costs of broadacre
insecticide application for mosquito control, it is prudent to consider alternative
mosquito control options. One such option is the use of natural and/or artificial
barriers treated with insecticide to kill and/or impede mosquito incursions into
the site.

5.3.1 Larval Control Measures

Larval Knockdown:

The use of Bacillus thuringiensis var. israeliensis toxins in different
formulations (under different trade names) is currently the preferred method of
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mosquito larval knockdown. The formulation is either sprayed as a liquid or
broadcast as pellets into water bodies where it will kill most larvae within days
as they ingest the toxin. The scale of the application operation can range
from single puddles from a back-pack to boom-sprayers or application from
fixed-wing aircratft.

Control of mosquitoes by application of larvicide may involve extensive
treatment of sensitive coastal intertidal environments, something which may
not be acceptable on ecological grounds. Based on the risk of nuisance and
disease evident at the time (as determined by monitoring), the decision to
spray extensively would be the subject of negotiation with coastal protection
authorities.

Larval Development Stasis:

The Insect Growth Regulator (IGR), S-Methoprene can be used, formulated
as pellets or briquettes, to prevent the pupation of mosquito larvae. If applied
when larvae are young, they will continue to grow and develop until they
reach last larval stage where they will fail to pupate and emerge as problem
adults. Similar possibilities to the knockdown methods described above for
the application of IGR's are available.

5.3.2 Adult Control Measures
Adult Knockdown:

In extreme situations it is possible to spray areas with short half-life pyrethroid
insecticides in order to kill adult mosquitoes. This is the equivalent of a large
scale 'fly spray' operation and is seldom justified.

An Insecticidal Treated Barrier:

In recent times, particularly in situations where larval control is almost
impossible, persistent, 90 days, formulations of the contact insecticide
bifenthin has been applied to vegetation or mesh barriers erected between the
larval habitat (coastal salt marshes) and the adjacent human populations.
These have proved to be surprisingly effective, however, there remain
concerns about their impacts on non-target insect species.

The use of an intercept barrier may be useful, given Buckland Park is at risk
of incursions by coastal mosquitoes Ae. camptorhynchus and Ae. vigilax from
breeding grounds to the west.

Application of insecticide (malathion) to barrier vegetation has been
demonstrated to provide control of coastal mosquitoes in the United States
(Anderson et al. 1991). A similar application of a pyrethroid insecticide
(bifenthrin) to a natural vegetation barrier between residential areas in
Buckland Park and the coastal mosquito breeding grounds to the west could
be used.

Insecticide-treated barriers may consist of vegetation, or artificial structures
such as fencing. Both could be used within the proposal. The proposed
residential areas will include extensive fencing around houses, and parks
where vegetated barriers could be grown.
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A vegetated barrier should consist of dense, fine-leaved, woody foliage.
Shrubs and trees with foliage from near ground level to at least 2 metres high,
densely planted, would work best. Such foliage would provide a natural
resting place for migrating mosquitoes, which would then be killed upon
contact with residual insecticide previously applied.

The barrier should be planted to intercept migrating coastal mosquitoes from
areas to the west.

Figure 13:  Potential locations for a barrier

,‘.-: \‘n‘- ’v -—

POTENTIAL LOCATIONS
FOR AN INSECTICIDAL
TREATED BARRIER

The potential off target impact on other species is not known at this time, as
this approach has not been tried in Australia before.

However, the locations in which the barrier could be considered are staged for
construction in some 14 to 20 years.

It is considered that this approach to mosquito control will be further
developed when the detailed design of those residential areas most likely to
be impacted on by mosquito incursions from the coast occurs.

Research will need to consider these issues.

* Impact on non-target species.
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» Optimal configuration for physical deployment (mesh screens, vegetation
barriers special plantings).

» Comparison of ecological impact with coastal insecticide application.

* Impact on nuisance and disease-vector mosquitoes.

* Costs relative to with broadcast insecticidal applications, particularly as
implementation and maintenance will be the responsibility of home owners
and Playford City Council.

5.3.3 Individuals and land owners
New residents should be required to provide mosquito screens to windows.

New residents should be educated about keeping their gutters clear and
garden free of potential receptacles for water which may provide mosquito
breeding places.

These requirements will be included in the Design Guidelines which will be
provided to future residents.

5.4 CONCLUSION

Monitoring of mosquito communities will be essential, as such work will inform
as to the current level of nuisance and disease risk, allowing decisions
concerning the extent of mosquito control operations to be made. Future
planning for resource allocation for any future mosquito management
strategies should involve local government health officers. Discussion with
personnel in the SA Department of Health (who provide partial funding for
local government mosquito management programs) is also advised.
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6. POTENTIAL IMPACTS ON LOCAL ECOSYSTEMS
INDIGENOUS FISH, FAUNA AND RECREATIONAL
FISHING

6.1 INTRODUCTION

Insecticides are pesticide compounds specifically applied to control insects
and are easily absorbed through the cuticle of an insect (Davis et al. 2007).

Mosquito larvicides are insecticides that target juvenile mosquitoes (Agency
for Toxic Substances and Disease Registry 2005) and prevent the larvae from
emerging (Environmental Health Service 2006). The most common larvicide
used in SA is (s)-methoprene (Products: Altosid®, PROLINK® and
NOMOZ®), which is a synthetic analogue of the insect juvenile hormone
which regulates growth (Environmental Health Service 2006), the use of
which stunts larval development (Agency for Toxic Substances and Disease
Registry 2005). Bacillus thuringiensis israelensis (Bti) (Products: VectoBac®
and Bti®) contain a bacterially produced toxin, which upon consumption, is
toxic to larvae of several insects (Glare & O’Callaghan 1998).

This microbial larvicide is used in SA, as is the organophosphate temephos
(Product: Abate®), which interferes with nerve signal transmission
(Environmental Health Service 2006). Bacillus sphaericus (Bs) (Product:
VectoLex®) is a bacterial toxin effectively used as a larvicide and has a
similar action to Bti (Environmental Health Service 2006). Mosquito
adulticides are often broad spectrum insecticides, toxic to many insects (Davis
et al. 2007) and their use in SA is therefore limited. Bifenthrin (Product:
Bistar®) is an adulticide used in SA (Environmental Health Service 2006).

6.2 OFF-TARGET IMPACTS
6.2.1 Mosquito Larvicides

(S)-methoprene is an effective larvicide, delivered as either liquid, pellets,
brickets, or bound to sand (Environmental Health Service 2006). However,
many off-target impacts on biomass and species diversity of invertebrates
have been reported, including termites, protozoa, aguatic macro
invertebrates, and disruptions of normal foraging patterns and wax production
in bees (Glare & O’Callaghan 1999). (S)-methoprene is moderately and
slightly toxic to warm water and coldwater freshwater fish respectively, and is
slightly toxic to birds (Extoxnet 1996; Agency for Toxic Substances and
Disease Registry 2005). Reductions in the survival and metamorphosis of
mud crabs (Glare & O’Callaghan 1999) and shrimps, has been reported, due
to the use of this larvicide (McKenney & Matthews 1990).

(S)- methoprene takes effect generally at the fourth larval instar, preventing
disruption of the food chain, unlike Bacillus thurngiensis israelensis which
removes mosquito larvae from access to prey by taking effect as early as the
first instar, leading to decreased predatory-insect biomass (Environmental
Health Service 2006).

Bti toxicity also affects off-target invertebrate populations such as
chironomids, blackflies (Glare & O’Callaghan 1998; Dickman 2000) and
nematodes (Meadows et al. 1990) but has not been found to be toxic to birds
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(Glare & O’Callaghan 1998). Temephos is an effective mosquito larvicide,
often applied as a spray however, it has been found to be highly toxic to bird
species (Extoxnet 1996) and similar to (s)-methoprene, is also toxic to fish,
crustaceans, bees and freshwater macro invertebrates (Environmental Health
Service 2006).

Although Bacillus sphaericus acts similarly to Bti, it has not been found to
have any off-target impacts on any invertebrates or vertebrates (Pham et al.
1998). However, this microbial larvicide has only been found effective against
two mosquito genera (Culex spp. And Anopheles spp.) (Environmental Health
Service 2006; Pham et al. 1998).

6.2.2 Mosquito Adulticides

Bifenthrin is used as a mosquito adulticide in barrier treatments and the toxic
application can be applied to off-target organisms such as fish, crustaceans
and aquatic macro invertebrates (Extoxnet 1995), bees and is moderately
toxic to several bird species (Briggs 1992). Bifenthrin can also be moderately
toxic to mammals when ingested (Extoxnet 1995). Although temephos, used
as an adulticide is considered one of the least toxic organophosphate
insecticides, it can be toxic to mammals (Agency for Toxic Substances and
Disease Registry 2005).

6.2.3 Vegetative Barriers
The off-target environmental impacts have not been established.

It is possible that the sum environmental impact will be positive, as a
successful barrier would reduce the need to apply broadacre larvicides to
sensitive water bodies. However, the barrier would almost certainly expose
off-target invertebrates and vertebrates.

6.3 POTENTIAL IMPACTS ON THE LOCAL ECOLOGY

There are currently no larvicides or adulticides registered for use in SA that
target all desired mosquito species without having off-target impacts. Such
off-target impacts can alter species diversity, biomass and abundance, and
alter important food chains and ecosystems.

It is likely that mosquito control measures in the Buckland Park area will
increase as a result of the proposal. The most likely control measures to be
employed are broadacre larval site treatments with either Bti or s-methoprene,
and application of residual pyrethroid adulticides (e.g. bifenthrin) to artificial
and vegetation barriers.

The off-target impacts of Bti and s-methoprene are well understood. If applied
at unnecessarily high doses in areas where mosquito breeding is not high,
there is a potential for adverse effects on local aquatic life, particularly
invertebrates and animals further up the food chain (e.g. fish).

This said, a well designed and implemented mosquito control program
conducted by trained vector control officers will largely circumvent any
significant effects on local fisheries.

The off-target impacts of residual adulticide treatment of barriers remains
unquantified and we strongly recommend the support of research programs to
guantify any such effects.
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6.4 CONCLUSION

Any chemical or biological agent used for mosquito control will have some off-
target impacts. However, a well-designed and managed mosquito control
program will minimise these impacts.
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7. OVERALL CONCLUSION

The Mosquito and Plant Research Group has studied the nature of the current
mosquito community present in and around the proposed Buckland Park
development site. Longer term studies of very similar nearby environs have
been analysed in order to make inferences about the future impact and
control of mosquito communities in the region.

Like most mosquito communities, the one at Buckland Park is seasonally
variable, yet predictable in that the peak periods for mosquito nuisance and
disease transmission risk (Sep — Dec; Feb - Mar) are identifiable. Mosquitoes
in Buckland Park will be locally produced on-site and will also emigrate from
breeding grounds immediately to the west. These latter coastal mosquitoes
pose a nuisance risk.

As known vectors of Ross River virus, these coastal mosquitoes (Ae.
camptorhynchus and Ae. vigilax) also pose a real disease transmission risk.
However, the extent of future transmission of mosquito borne diseases at the
site cannot be predicted with accuracy. Nonetheless, if current baseline
transmission levels in the region are maintained (approx. 7 Ross River virus
cases per 100,000 population per annum), then some small number of
notifications may be expected in Buckland Park residents each year.

Based on recently derived models describing the interaction between coastal
mosquitoes and climate and conservative regional warming estimates, we
predict that some mosquitoes in the area are likely to become less abundant
by 2030 (Ae. camptorhynchus), whereas some will become more abundant
(Ae. vigilax). Thus, the net effect of climate warming and reduced rainfall on
local mosquito populations is likely to be neutral.

The best way to minimise the nuisance and disease risk posed by mosquitoes
to people is to implement a well designed mosquito surveillance and control
program. Such a program, if run properly, will provide information permitting
targeted control of problem mosquito species, thereby minimising ecological
impacts of extensive, non-targeted mosquito spraying. The application of
modern mosquito control products (e.g. s-methoprene) coupled with
insecticide-treated foliage barriers will also act to reduce such adverse
ecological impacts of mosquito control.
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APPENDIX 1
PREDICTED CHANGES TO CLIMATE IN NORTHERN
ADELAIDE

1.1 PREDICTED TEMPERATURE CHANGES

Predicted temperature changes (Table 1.3), are most severe for Summer and
Spring. Summer temperatures were 15.2 — 29.1°C between 1977 - 1997 (ABS 1999)
and predictions see a temperature increase of 0.3 — 1.2°C by 2030, and 0.8 — 3.7°C
by 2070 (Mclnnes et al. 2003). Spring temperatures were 11.4 — 26.8°C between
1977 — 1997 (ABS 1999) and are predicted to increase by 0.3 — 1.3°C by 2030, and
by 0.9 — 3.9°C by 2070 (Mclnnes et al. 2003). The annual average temperatures for
the Adelaide region between 1977 - 1997 were 12.1 — 22.0°C and are predicted to
increase by 0.3 — 1.2°C by 2030, and by 0.8 — 3.7°C by 2070, compared to the
national averages of 0.4 — 2.0°C by 2030 and 1.0 — 6.0°C by 2070 (MclInnes et al.
2003).

Table 1 Predicted temperature changes for the Adelaide region.

Season 1977-1997 (min- 2030 Predicted 2070 Predicted
max°C) Increase (°C) Increase (°C)

Summer 15.2-29.1 0.3-1.2 0.8-3.7
Spring 11.4 - 26.8 0.3-1.3 0.9-39
Annual 12.1-22.0 03-1.2 0.8-3.7
Average

1.2 PREDICTED RAINFALL CHANGES

Predicted rainfall changes (Table 1.4), are most severe for Summer and Spring.
Mean Summer rainfall between 1979 — 1997 was 22 — 26 mm (ABS 1999) and this is
predicted to decrease by -11 (drier periods) to +5% (wetter periods) by 2030, and -35
to +15% by 2070 (Mclnnes et al. 2003). Mean spring rainfall between 1979 and 1997
was 28 — 51 mm (ABS 1999) and is predicted to decrease by -17 to -2% by 2030,
and by -55 to -4% by 2070 (Mclnnes et al. 2003). The annual average rainfall for the
Adelaide region is predicted to decrease by -9 to -1% by 2030, and by -30 to -2% by
2070, compared to the regional average for the south-west of Australia of -20 to +5%
by 2030 and -60 to +10% by 2070 (Mclnnes et al. 2003).
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Table 2 Predicted rainfall changes for the Adelaide region.

Season 1977-1997 |2030 Predicted Increase [ 2070 Predicted Increase
(mm) (%) (%)

Summer 22 -26 mm -11+5 -35+ 15
Spring 28 - 51 mm -17 -2 -55-4
Annual 585 mm 9-1 -30-2
Average

1.3 ALGORITHMS DESCRIBING THE PROBABILITY OF COASTAL
MOSQUITO ABUNDANCE SPIKES IN NORTHERN ADELAIDE

1.3.1 Methods

Multivariate data analysis was employed to determine which environmental factors
were significant determinants of Ae. camptorhynchus and Ae. vigilax abundance.
Given that absolute abundance of coastal mosquitoes is known to be difficult to
model accurately, we analysed the factors that were associated with spikes in
abundance as determined from EVS trap collections using multiple logistic
regression.

Before attempting this we wanted to reduce the number of factors used in the
analysis so we performed stepwise negative binomial multiple regression
(Intercooled Stata Ver 9.2 for Windows, StataCorp LP, College Station TX, USA) to
examine the relationship between crude daily mosquito counts and a range of
environmental variables. The choice of environmental variables was guided in part
by personal observations of the Globe Derby Park environs, and previous attempts
to model saltmarsh mosquito activity in other regions. Significant factors identified
were used in subsequent logistic regressions. Temperature and rainfall data were
obtained from the Australian Bureau of Meteorology for the nearest weather station
(Edinburgh Air Force Base). Data used for tide height analysis were obtained for
Outer Harbour from Flinders Ports.

Historic mean collections per trap per night of Ae. camptorhynchus and Ae. vigilax
were calculated for the period 17 Nov 2000 to 25 Apr 2007 (n = 97 observations).
The upper 95% confidence intervals for the two species were used as thresholds for
population spikes. These thresholds were then applied to determine the onset and
completion of mosquito abundance peaks through time. Abundance of each species
was then converted to binomial data, with values above the threshold coded as ‘1’,
and values below coded as ‘0’

Significant indicators determined from negative binomial regression were then used
to create logistic models describing peaks in Ae. camptorhynchus and Ae. vigilax
abundance. Binomial mosquito abundance data from the period 17 Nov 2000 to 26
Mar 2005 (n = 67 observations) were used. These data comprise the ‘training set’,
with the remainder (n = 30 observations) used for validation. Multiple logistic
regression (Intercooled Stata Ver 9.2) was used to create multinomial expressions
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that could be potentially used to determine the onset or cessation of peak mosquito
activity. These expressions take the form:

log (P/[1-P]) =a + b1lx1l + b2x2 + ... + bnxn

in which P is the probability of a peak in mosquito abundance. Parameters with P >
0.10 significance were not included in the models.

The population ‘spike’ thresholds (historical upper CI95s) for Ae. camptorhynchus
and Ae. vigilax were 122 per trap night and 70 per trap night respectively. After
transforming abundance data for each species into binomial form, logistic
regressions were then performed which revealed statistically significant (P < 0.10)
factors determining saltmarsh mosquito abundance.

Significant determinants of Ae. camptorhynchus abundance were recent
temperature, rainfall and current daylength. For Ae. vigilax these were recent
temperature, current temperature and daylength. The logistic models that
incorporate these variables explain 38% of variation in Ae. camptorhynchus
abundance and 52% of variation in Ae. vigilax abundance.

1.3.2 Resultant algorithms
Aedes vigilax:

log (P/[1-P]) = 0.269368 + Maximum daily temp (°C)*0.223475 + Mean daily temp
prev. 14 d*0.56446 + daylight hours*-1.57124

Aedes camptorhynchus:

log (P/[1-P]) = -20.153 + Mean daily temp prev. 14 d*-0.84815 + Mean daily temp
prev. 7 d*0.594951 + rainfall prev. 28 d*0.127609 + rainfall prev. 14 d*-0.085929 +
daylight hours*1.561743
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