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Abstract

Public demand for residential land near natural wetlands has risen in Australia without sufficient account being given to the health risks posed by 
mosquitoes. A study conducted over the 2015-2016 Summer assessed residents’ knowledge, attitudes and practices regarding the management of backyard 
mosquito breeding. Backyard inspections identified breeding habitats and quantified the mosquito fauna associated with residential dwellings. Residents 
living closer to natural mosquito breeding sites were more likely to regard mosquito management and abatement as a joint responsibility shared with their 
local government authority and seemed willing to take action within their own residential lot to reduce mosquito breeding potential. As distance from natural 
mosquito breeding sites increased, resident attitudes seemed to increasingly reflect a view of mosquito control as ‘someone else’s responsibility’; typically one 
for government to address. Consistent with this, residents living further from natural breeding sites appeared less likely to identify mosquito breeding potential 
in their own backyards or to take steps to reduce container breeding capacity. Rather than fear-related communication, public campaigns that emphasize 
better understanding of mosquito breeding and accurately communicate risks and responsibilities seem important if disease risks posed by mosquitoes are to 
be mitigated.

ABBREVIATIONS 
WA: Western Australia; Km: Kilometers; EVS CO2: Encephalitis 

Virus Surveillance Carbon Dioxide traps; RRV: Ross River Virus; 
BFV: Barmah Forest Virus; PMT: Protection Motivation Theory; 
KAP: Knowledge, Attitudes, Practices

INTRODUCTION
Perth, Western Australia’s (WA) capital and major population 

center situated on the Swan River has continued to expand with 
residential development extending to natural mosquito breeding 
wetlands. Since European settlement in 1829, approximately 
70% of Perth’s natural wetlands have been lost [1,2], however, 
with increased housing density in close proximity to wetland 
habitats, the population impacted by significant mosquito 
nuisance has grown and with it, an escalating need for intensive 
mosquito management. In addition, Perth residents have come 
to expect outdoor lifestyles free from mosquitoes that impact 
on their amenity. Where once, mosquito-related nuisance and 
disease risk might have been expected and accepted as part of 
living within the vicinity of wetlands, these beliefs appear to 
have become less tolerated, with Local Government Authorities 
coming under increasing pressure from constituents to improve 
local mosquito management.

Research has shown that residents living in close proximity 
to natural wetlands are at an increased risk of contracting 
mosquito-borne disease [3-5]. The main vectors of disease for 
the Perth metropolitan region include Aedes vigilax (Skuse) and 
Aedes camptorhynchus (Thomson) that both breed in the tidally 
driven salt marshes that line parts of the Swan River. Ross River 
virus (RRV) and Barmah Forest virus (BFV) occur throughout 
Western Australia, although human infection tends to be low in 
most years for the Perth metropolitan region. However, ever-
changing environmental factors (including temperature, rainfall, 
humidity and tides [6,7]), that drive mosquito populations leading 
to substantial year-on-year variability in mosquito nuisance and 
potential disease risk. Further, levels of mosquito-borne diseases 
are equally difficult to discern, as the threat posed to humans 
can vary significantly according to the presence of host animals 
that live within close proximity to humans and play a role in the 
amplification of these viruses [8]. Consequently, it may not be 
until residents have occupied new estates in close proximity to 
wetlands that the incidence of disease actually reaches a level 
of concern. Confounding these issues; rising environmental 
consciousness has led to conflicts about the appropriate means 
of managing environmental health risks [9,10].

While Local Governments and private residents are 
responsible for the management of nuisance mosquitoes, a joint 
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effort between State and Local Government is required for the 
management of disease outbreaks and the control of vector 
mosquito populations. Notwithstanding the mosquito-control 
efforts of government bodies on public land, the expansion of 
development near wetlands in the absence of legislation and 
land-use planning measures to control mosquito breeding is 
problematic. There is currently no State-level legislation for the 
control of disease vectors in Western Australia. In fact, the Town 
of Bassendean, the location of the present study, is one of few 
WA Local Government Areas with by-laws requiring owners or 
occupiers to keep their premises free of mosquito breeding [11]. 
Even so, backyards inspected within the Town of Bassendean 
demonstrated that 94% of residents were found to possess 
containers capable of breeding mosquitoes [12].

The Department of Health WA, in addition to providing 
assistance to local government in the form of physical and chemical 
control, have developed a cultural control and communication 
strategy to educate and warn residents and travelers across 
the state of mosquito-borne disease risks. The “Fight the Bite” 
campaign, includes warnings of disease occurrence or virus 
detections across the State as well as simple messages including 
cover up (by wearing long, loose, light colored clothing); repel 
(through the use of insect repellents); and clean up (to remove 
mosquito breeding habitat from around the home) [13]. These 
messages are aimed at improving the knowledge of residents 
in affected areas and to motivate them to take action to protect 
themselves from mosquito bites.

Protection Motivation Theory (PMT) [14,15] has been widely 
adopted as a framework for the intervention of health-related 
behavior change [16,17] with the use of fear to modify attitudes 
and behaviors. The theory suggests that the use of fear (as 
information about a threat to an individual’s wellbeing) triggers 
protection motivation, leading to the adoption of adaptive 
behavior for an overall reduction in the incidents of health-
related threats [18]. Such fear-based messages have been used in 
a number of health-related campaigns, including, but not limited 
to, cancers [19,20], cigarette smoking [21], alcohol consumption 
[22], unsafe sexual practices [23]as well as mosquito-borne 
diseases [24-26].

The current study aims to determine the impact of mosquito 
nuisance and breeding capacity on private land adjacent to natural 
wetlands. This included a survey of the Department of Health’s 
cultural communication strategy through a questionnaire to 
quantify residents’ knowledge, attitudes and practices (KAP) 
with regards to mosquito management. Furthermore, larval 
container breeding habitat was also surveyed within the resident 
backyards to allow for direct comparisons between KAP data 
with distance from natural salt marsh breeding sites along the 
Swan River. The study aimed to quantify our understanding of the 
contribution of container breeding mosquitoes from residential 
backyards against the attitudes and practices of those residents 
that dwell within the surveyed areas with respect to mosquito 
management on privately own land.

MATERIALS AND METHODS
The study was conducted in the Town of Bassendean, a 

metropolitan Local Government approximately 12 km East 

of Perth, WA (Figure 1), that contains two well-documented 
natural mosquito habitats, namely; Ashfield Flats, a 40 hectare 
tidally driven salt marsh mosquito habitat and Bindaring Park, 
a brackish waterway running through the suburbs fed by street 
runoff. The study area is bordered by the Swan River to the South 
and East, and delineated by major roads to the North and West. 
The Town of Bassendean comprises medium density housing 
with a population size of 16,101 residents or 14.89 people per 
hectare [27].

An aerial map of the study area was first subdivided into 25 
quadrants of 500 m2 (Figure 1). Within each quadrant backyard 
surveys for container inhabiting mosquitoes were undertaken 
and residents were interviewed about their KAP in regards 
to mosquito control. The number of backyards to be inspected 
within each quadrant was determined using the random number 
generator function in Microsoft Excel. The study was planned to 
be carried out between December 2015 and March 2016, the peak 
mosquito season as documented by the Town of Bassendean (M. 
Fatourospers comm.).

As a result of the random number process, the number 
of residential lots to be inspected ranged between three and 
12 households per quadrant, with a total of 150 residential 
properties targeted to ensure variation within and between 
quadrants could be assessed. Study criteria included that where 
practicable; one house per street was to be inspected, however, 
in instances where parkland or open space occupied part of a 
quadrant, more than one house per street was to be permitted. 
A minimum distance of 200 m was to be maintained between 
inspected residential lots. In all instances, data collection was 
to commence as close as possible to the central point of each 
quadrant. Permission was obtained from the respective residents 
prior to the initiation of inspections and where households were 
vacant at the time of inspection; adjacent households were 
sequentially approached until approval to carry out an inspection 
was obtained. Once data collection was completed at a residential 
lot, a parallel, abutting street was targeted for the next inspection 
until the quota of households for each quadrant was met.

Figure 1 Location of the study area within the Town of Bassendean, 
Perth, Western Australia. The study area was divided into 25, 500m2 
quadrants with the number of house inspections/surveys indicated 
by the number within each quadrant.



Central

Neville et al. (2018)
Email: Peter.Neville@health.wa.gov.au

Ann Public Health Res 5(3): 1080 (2018) 3/10

The study questionnaire was designed to gain an 
understanding of residents’ KAP in regards to mosquito 
biology, ecology and risk. Informed consent was gained from a 
responsible adult resident prior to initiating the questionnaire. 
The questionnaire was developed by the authors and refined 
through several stages of peer review in consultation with staff 
of the local authority in which the study was conducted and the 
Western Australian State Government Department of Health 
prior to piloting. The questionnaire was designed to be completed 
within 10-15 minutes, a time felt to be sufficient to obtain useful 
data, while not being so demanding that it adversely affected data 
quality or residents’ willingness to participate in the survey as 
determined through peer review. Nine questions were used to 
obtain information on the KAP of residents. These included both 
open and closed ended questions as well as some that allowed 
multiple-responses. In addition, basic demographic data were 
also recorded including respondent age, sex, home ownership 
status, and the number of residents in the household.

A further part of the study plan was that after obtaining 
consent, an investigator trained in mosquito breeding and larvae 
collection would conduct a systematic investigation of mosquito 
inhabiting sites within the property. All potential breeding sites 
were documented, recording the type (natural versus man-
made) and size of habitat, whether the habitat contained water 
and if so, whether larvae were present. The number and type of 
all container habitats were recorded and if larvae were present, 
a sub-sample of the fauna was collected with a turkey baster or 
mosquito dipper. 

Larval samples were placed into vials and labeled with the 
quadrant and a unique identifier created for each household 
(1-150). Mosquito larvae were transported to a laboratory in 
a refrigerated cooler box to protect the larvae from extremes 
of heat while inspections were being undertaken. Larvae were 
reared to adults in rearing jars and identified to species using 
stereo-microscopes and a taxonomic key [28].

To determine the adult mosquito fauna associated with 
households that were inspected, Encephalitis Virus Surveillance 
Carbon Dioxide (EVS CO2) traps were set in each quadrant. 
Complementing these, traps were also set at the natural 
breeding sites within Ashfield Flats and Bindaring Park. Each 
trap was baited with dry ice pellets to provide a carbon dioxide 
attractant and deployed around 4pm on the day of inspection, 
with collection the following morning. Adult mosquitoes were 
killed by placing the trap bag in a container of dry ice. Once dead 
mosquitoes were placed in labeled vials and transported to the 
laboratory for identification.

Data were analyzed using SPSS version 22. As the study’s 
ethics approval did not allow for residential address to be 
collected (due to privacy concerns) all data was averaged within 
each quadrant and data points placed within the center of each of 
the 25 quadrants for analysis.

Residents’ KAPs were averaged using Likert scales and 
correlated with adult mosquito density, larval mosquito density 
and the number of container inhabiting habitats within each 
quadrant using linear regression analysis.

The data set created for analysis included the GPS location of 

central points within each of the 25 quadrants in the study area. 
The border of the Town of Bassendean was extracted from the 
ESRI 2013 Local Government Association shapefile for Western 
Australia [29] and three 500 m buffers were created around the 
known natural mosquito breeding sites of Ashfield Flats and 
Bindaring Park using Quantum GIS version 2.18.2 [30] (Figure 
2). Buffer zones of 500m (Figure 2) were chosen based on the 
dispersal of Aedes notoscriptus (Skuse) (a container inhabiting 
species common in the area) with documented dispersal of up 
to 238 m [31]. The buffer zone was doubled to 500 m to take into 
account dispersal from residential lots on the edges of quadrants 
surveyed. Adult and larval mosquito densities were averaged 
within each buffer to provide an average density of mosquitoes 
per trap within each buffer for comparison with residents’ 
responses to KAP questions. 

RESULTS AND DISCUSSION
A total of 3,329 adult mosquitoes comprising 12 species were 

trapped and identified across the study area during the Summer 
of 2015-16 (Table 1). Species were grouped according to breeding 
habitat to compare with distance from natural mosquito habitats 
located within public open space at Ashfield Flats and Bindaring 
Park. Surprisingly, the container inhabiting species were most 
abundant within natural breeding open space before declining 
within the 0-0.5 and 0.5-1 km buffer zones. However, Aedes 
notoscriptus (Skuse) was found to increase in abundance across 
the study area farthest from the natural mosquito breeding sites.

Aedes notoscriptus traditionally breeds in natural containers 
(rock-pools and tree-holes [28]) and has adapted to occupy 
container habitats that mimic these traditional natural habitats 
associated with residential occupation. Its dispersal capacity 
is generally low with evidence suggesting a dispersal distance 
of approximately 200 m based on a mark-recapture study in 
Brisbane, Australia [31]. Nuisance and potential disease risk 

Figure 2 The study area incorporating three 500 m buffer zones 
from the natural mosquito breeding sites including Ashfield Flats and 
Bindaring Park (shaded dark grey).  Dots indicate centroids of each 
quadrant with numbers indicating quadrant inspection sequence.
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(known as a vector of Ross River virus [32]) was expected to be 
greater in residential areas than in salt marsh habitats.

Aedes alboannulatus (Macquart) generally breeds in rain 
fed rock or ground pools [28] and hence could be expected to 
be found in greater densities in close proximity to the natural 
mosquito habitats. This species has been found in inland salt 
affected areas of WA up to 15 gl-1 TDS [33]. Thus, the abundance 
of this species may be related to ground pools affected by tidal 
inundation along the Swan River, declining in abundance with 
distance from these low lying areas.

Culex quinquefasciatus (Say) breeds in fresh to polluted 
domestic water including container habitats [28]. Its abundance 
is often associated with street drainage infrastructure [34] and is 
more abundant in residential buffer zones. It disperses between 
0.2 and 1.27 kms depending on environmental conditions [35-
37]. While a major domestic nuisance mosquito in many urban 
areas in Australia, it has been characterized as a poor vector of 
human disease [38].

Fresh to brackish water species generally demonstrated 
a similar trend across all 500 m buffer zones, with average 
abundance fluctuating between 0 and 40 mosquitoes per trap 
(Table 1). Aedes clelandi (Taylor), Anopheles annulipes Walker 
and Culiseta atra Lee demonstrated highest abundance at the 
fresh and brackish wetland breeding sites before declining to 
average abundances of below 2.5 mosquitoes across all buffer 
zones. Culex australicus Dobrotworsky and Drummond showed 
a similar pattern decreasing in abundance from the fresh to 
brackish natural breeding sites across the 0-500 m and 500-1.0 
km buffers before increasing to an average of 11.5 mosquitoes 
in the 1.0 to 1.5 km buffer. Culex annulirostris Skuse showed a 
similar average abundance across all buffer zones between 13.6 
to 25 mosquitoes per buffer zone.

Mosquito species that would be found breeding in the 
natural mosquito breeding sites of Ashfield Flats and Bindaring 
Park, that are influenced by regular tides associated with salt 
marsh habitats along the edges of the Swan River were found 
to decline rapidly with increasing distance from these sites 
into the surrounding suburban environment (Table 1). The 

abundance of these species (particularly Aedes camptorhynchus 
(Thomson) (Southern Saltmarsh mosquito) and Aedes vigilax 
(Skuse) (Summer Saltmarsh mosquito)) showed a dramatic 
decline from the natural breeding sites. Culex globocoxitus 
(Dobrotworsky) was a possible exception, with a slight increase 
in density at the greatest buffer distance of 1-1.5 kms.Although 
dispersal ranges for these species are considerably larger than 
container inhabiting species, being between 10kms [39] up to 
100 kms [28] for Aedes vigilax and approximately 3 kms for Aedes 
camptorhynchus [4], there was a marked decrease in abundance 
in residential buffer zones. This rapid decline in abundance may 
reflect the environmental conditions at the time of the study, 
being influenced by neutral weather patterns and a reduction in 
the number and magnitude of tides that would have stimulated 
mosquito production.

Of the 12 mosquito species collected throughout the study, 
four are confirmed as disease vectors of Ross River virus 
including Ae. notoscriptus, Ae. camptorhynchus, Ae. vigilax and 
Cu. annulrostris [28], making up a total of 64% of all mosquitoes 
collected. Of these, Ae. notoscriptus, Ae. camptorhynchus and Ae. 
vigilax actively bite man during the day, with a peak in feeding 
activity around dusk [28]. Culex annulirostris also readily feeds 
on humans throughout the day, however, blood feeding is 
predominantly in the evening after dusk [28].

In total, 1,711 potential mosquito breeding container habitats 
were identified within 150 backyards examined in the study area, 
equating to an average of almost 11 potential container habitats 
per household inspected. Of these, 1060 were dry at the time of 
inspection, 586 were found to contain water without mosquito 
larvae, and 65 were holding water with mosquito larvae present. 
An overall House Index (HI) of 26% was found for backyards 
with active larvae/pupae present, while the Breteau Index (BI) 
showed 43.33 positive containers per 100 households [12].

The average number of containers found in backyards per 
household surveyed remained similar as distance increased 
from natural breeding sites (Figure 3); being 11.2, 12.0 and 10.4 
as distances increased from 0.5 kms to 1.5 kms respectively. 
Although the total number of container habitats and dry 

Table 1: The average abundance of adult mosquitoes collected from Encephalitis Virus Surveillance carbon dioxide traps at natural breeding sites 
and within three buffer zones (0-0.5 kms, 0.5-1.0 kms and 1.0-1.5 kms from the breeding sites). Trapped mosquito species were grouped based on 
their biology and preferred breeding habitats.

Average abundance of adults mosquitoes at increasing distance from natural breeding sites (Kms)

Habitat type Mosquito species 0 0.0-0.5 0.5-1.0 1.0-1.5

Container 
Breeders

Aedes alboannulatus 5.0 1.4 1.2 6.0
Aedes notoscriptus 92.0 33.7 33.5 71.5

Culex quinquefasciatus 30.0 15.5 6.3 5.0

Fresh to 
brackish water

species

Aedes clelandi 13.0 0.8 0.1 2.5
Anopheles annulipess.l. 11.5 1.5 0.5 2.5

Culex annulirostris 25.0 13.6 19.0 17.5
Culex australicus 35.5 2.2 4.1 11.5

Culiseta atra 9.0 0.4 1.4 0.0

Salt marsh 
species

Aedes camptorhynchus 63.5 1.9 2.4 3.0
Aedes vigilax 101.0 2.5 3.1 5.5

Coquillettidia sp. nr. linealis 74.5 1.2 0.5 2.5
Culex globocoxitus 49.0 7.5 5.0 13.5
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container habitats declined at the greatest distance from natural 
breeding sites, these locations were also found to have the 
greatest average number of containers holding water without 
mosquito larvae and average number of containers holding water 
with mosquito larvae. Thus, although the overall average number 
of containers declined with increasing distance from natural 
mosquito breeding sites, the number of containers holding 
water with and without mosquito larvae increased. These results 
suggest that as distance from natural mosquito breeding sites 
increases, backyard habitats for mosquito egg laying and larval 
development increased.

Adult mosquito abundance was understandably the highest 
at the known open-space breeding sites of Ashfield Flats and 
Bindaring Park (Figure 4) before substantially declining within 
the 500 m and 1 km buffer zones. However, adult mosquito 
abundance increased in those parts of the study area at greatest 
distance (1.5 kms) from open-space breeding sites. A significant 
positive relationship was found between the number of reared 
mosquitoes collected from backyard container habitats and the 
number of containers holding water without larvae (R2=0.997; 
d.f. = 2; p=0.001) and the number of containers holding water 
with mosquito larvae (R2=0.976; d.f. = 2; p=0.012). These results 
suggest that some households are more prone to providing 
mosquitoes with habitats suitable for deposition of mosquito 
eggs and the larval stages of mosquito development and are more 
likely to be located at greater distance from open-space breeding 
sites.

The total number of containers observed across the three 
buffer zones was relatively evenly distributed, although the 
number of open-vessel holding water without mosquito larvae 
increased as distance from natural mosquito habitat increased. 
Overall, the number of containers found to contain mosquito 
larvae in residential backyards was low. The dispersal ability of 
container inhabiting species is considered to be generally low 
and may be influenced by oviposition sites provided in adjoined 
backyards that were not inspected. Container inhabiting species 
such as Aedes notoscriptus have been found to be associated 
with a range of environmental and micro-climatic conditions 
including shade, temperature, light, water depth, turbidity and 

the presence of competitors. All these factors have been found 
to influence the oviposition of adult female mosquitoes [40-42]). 
Further, the physical attributes of the containers themselves 
have an influence on oviposition [43]. A detailed examination of 
the frequency of container habitat, mosquito density, oviposition 
and dispersal needs to be conducted in order to fully understand 
the implications of container habitat within suburban areas of 
Perth, Western Australia [12].

In general, mosquito knowledge was considered to be poor 
for residents within the Town of Bassendean. When asked which 
mosquitoes bite humans, between 55% and 70% of residents 
incorrectly stated that all mosquitoes bite humans (Figure 5). 
Overall knowledge that only the female mosquito bites humans 
was slightly greater within the 0-500m buffer zone compared to 
people at greater distances from natural mosquito development 
sites.

When asked where mosquitoes breed, residents within 
the 0-0.5 km and 0.5-1 km buffer zones provided more specific 
responses spanning a greater number of categories, suggesting 
they might be more aware of likely mosquito breeding habitats 
(Figure 6). This is in contrast to residents living further from 
natural mosquito development sites who stated mosquitoes were 
found breeding in the river or wetland habitats largely ignoring 
the possibility of container breeding habitats within their own 
backyards.

To assess residents’ attitudes, responses were generally 
measure  using Likert scales with response options ranging from 
one to five, reflecting attitudes spanning ‘not at all’ to ‘complete 
agreement’. Average responses to questions were calculated 
for each of the 0.5 km buffer zones and compared to average 
adult mosquito abundance collected from EVS CO2 traps or as 
larvae collected from backyard containers. No significant overall 
relationship was found between responses to the question “How 
much of a problem are mosquitoes in your area?” with average 
adult mosquito abundance (R2 = 0.187; d.f. = 2; p=0.568 (Figure 7). 
However, a significant positive relationship was found between 
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Figure 3 The average number of containers (dry containers; 
containers with water and no larvae present; containers with water 
and larvae present) per household with increasing distance (500 m 
buffer zones) from natural mosquito breeding sites along the Swan 
River.

Figure 4 Number of containers in backyards with increasing distance 
(500 m buffer zones) from natural mosquito breeding sites along 
the Swan River. (Note: black line indicates average number of adult 
mosquitoes collected from EVS CO2 traps, grey line represents the 
number of larvae collected from backyard containers and the bars 
indicate the number of dry containers, containers holding water with 
no larvae present and the number of containers holding water with 
mosquito larvae present).
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resident responses and the number of larvae collected from 
residents backyards (R2 =0.987; d.f. = 2; p=0.006); suggesting 
that the presence of backyard mosquito habitats contributes to 
resident assessments of nuisance risk posed by mosquitoes.

The most common response to the question “Not enough is 
done in my area to ensure mosquitoes are properly controlled?” 
was that this was “often” the case regardless of distance from 
natural mosquito breeding sites (Figure 8). A positive significant 
relationship was found between the percentage of residents 
indicating that not enough was done to control mosquitoes with 
the average number of larvae collected from container habitats 
within their residential lot (R2 = 0.971; d.f. = 2; p = 0.015). 
No other significant relationships were observed with larval 
container mosquito density.

With regard to resident’s attitudes as to who was responsible 
for mosquito management, responses were broadly similar 
among residents living both within 0.5 and 1.0 km of the natural 
mosquito breeding sites (Figure 9). However, in the study area 
that was at the greatest distance from the natural mosquito 

breeding sites, more residents believed mosquito control was 
predominantly the responsibility of their Local Government 
Authority or the State Department of Health rather than that 
of local householders. This relationship was also found to be 
positively correlated with average mosquito larval density 
found in backyard containers (R2 = 0.915; d.f. = 2; p = 0.043). 
Similarly, a positive significant relationship was observed 
with residents responding that “Largely” not enough is done 
to manage mosquitoes with larval mosquito density recorded 
from backyard containers (R2 = 0.968; d.f. = 2; p = 0.016). No 
other significant relationships were observed with residential 
responses and adult mosquito density. 

The Western Australian average age standardized rate of 
infection with Ross River virus in the Town of Bassendean is 
6.03 per 100,000 head of population, substantially lower than 
the corresponding State rate of 20.01 (Department of Health, 
unpublished data, 2017). However, the State rate is highly 
influenced by rates of infection with Ross River virus in areas 
across the North and Southwest of Western Australia where 

Figure 5 Resident responses to “Which mosquitoes bite humans?” 
with increasing distance (500 m buffer zones) from natural mosquito 
breeding sites along the Swan River.

Figure 6 Resident responses to “Where do mosquitoes breed?” with 
increasing distance (500 m buffer zones) from natural mosquito 
breeding sites along the Swan River. Note: some residents provided 
multiple responses; hence the percentage of resident responses may 
be greater than 100%.

Figure 7 Comparison of resident’s average responses to “How much of 
a problem are mosquitoes in your area?” with average adult mosquito 
and larval densities with increasing distance (500 m buffer zones) 
from natural mosquito breeding sites along the Swan River.

Figure 8 Comparison of average responses to “Not enough is done in 
my area to ensure mosquitoes are properly controlled?” with average 
adult and larval mosquito densities with increasing distance (500 m 
buffer zones) from natural mosquito breeding sites along the Swan 
River.
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mosquito breeding occurs more frequently and at a higher rate, in 
close proximity to host animals, where the transmission cycle can 
amplify disease risk. Regardless, when asked about their opinion 
of mosquito risk, respondents in closer proximity to natural 
breeding sites (at both 0.5 km and up to 1 km from breeding 
sites) tended to rate it as being similar to other areas in the State, 
while those at greater distances felt they were at greater risk. 
Analysis of human disease case data has actually demonstrated 
significant relationships with distance from mosquito breeding 
sites at a number of locations in the southwest of Western 
Australia, indicating an increased risk of contracting Ross River 
virus within 3kms of mosquito breeding sites [4,5,44]. Mosquito-
borne disease risk has also been strongly linked to proximity 
of mosquito habitats within suburban Perth [3]. Consequently, 
the data suggests resident’s closer to natural breeding sites are 
better informed about mosquitoes; in this case, with respect to 
disease risk.

As noted previously, there was a positive relationship found 
between resident’s attitudes toward mosquito risk and the 
number of larvae collected from backyard containers, which 
both increased with distance from natural mosquito breeding 
sites. However, residents’ knowledge was greater the closer they 
lived to the natural breeding sites. In general, this suggests that 
with better knowledge of mosquitoes, risks were diminished 
and actual rather than reported backyard practices reduced 
mosquito breeding within container habitats found in residential 
backyards. This finding seems important because it runs counter 
to the logic of accepted public health behavior motivation theories 
like Protection Motivation Theory, which have previously been 
used to underpin the design of mosquito health education efforts 
[45].

Such theories suggest fear is a key motivator of behavior 
adoption/change [46]. The current study runs counter to this, 
offering a surprising but potentially important finding. In the 
context of mosquito control, fear seems less important to actual 
health related behavior than it is to perceived health risk. It may 
be speculated that knowledge is more important to self-efficacy 
and perceived effort insofar as mosquito control is concerned 

than fear of mosquito-borne disease. If so, it suggests mosquito 
education using fear might actually be counter-productive over 
the longer term.

Part of this counter productivity might relate to another 
finding of the current study. This was that greater fear of 
mosquito-related risks and less knowledge about mosquito 
breeding may lead to stronger attitude formation that mosquito 
control is an issue predominantly for external stakeholders 
rather than individual household action (e.g. State/Local 
Government rather than residents). This seems consistent with 
the current study’s finding that respondents living further away 
from natural breeding sites were more likely to believe that not 
enough was being done in their area to manage mosquitoes while 
concurrently being more likely to contribute mosquito breeding 
habitats in their own backyards.

Paradoxically, when residents were asked what actions 
they took to control mosquitoes around the home, the greatest 
percentage reporting that they took no action (43%) lived within 
the 0.5 km buffer from natural mosquito breeding sites (Figure 
10). At greater distances from mosquito breeding sites, the 
percentage dropped to around 30% of residents. There was a 
steady increase in the percentage of respondents that reported 
using preventative methods (removal of mosquito breeding 
sites) from the 0.5 km (44%) to the 1 km (51%) and the 1.5 km 
buffer zones (62%). A similar trend was observed in responses 
to the use of chemical treatments, which increased from 
11% to 21% and 31% with increasing distances from natural 
mosquito breeding sites respectively. Despite this, no significant 
relationships were observed between the use of control methods 
with adult mosquito abundance or larval mosquito abundance.

Respondents that stated that prevention was among one of 
their strategies for controlling mosquitoes around the home, 
were asked how they undertook this activity. Across the 0.5 km-
1.5 km buffer zones from natural mosquito breeding sites, there 
was an increase from 35% to 54% respectively in the percentage 
of respondents claiming they removed stagnant water from 
around the home (Figure 11). This is similar to the results from 
a KAP survey undertaken in Malaysia that indicated only 39% 

Figure 9 Resident’s average responses to “Mosquito control should 
really be the job of councils and the State Government rather than 
householders?” compared with average adult and larval mosquito 
density with increasing distance (500 m buffer zones) from natural 
mosquito breeding sites along the Swan River.

Figure 10 Percentages of residents using control options to manage 
mosquito populations compared to average adult and larval mosquito 
density with increasing distance (500 m buffer zones) from natural 
mosquito breeding sites along the Swan River.
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of respondents to maintain a yard free of mosquito breeding 
containers [47]. Contradicting this, when examining the actual 
number of containers found on residential lots, there was an 
increased number of containers holding water and holding water 
with mosquito larvae present within the most distant buffer zone. 
A significant relationship was found between the percentage of 
respondents claiming to remove stagnant water from around 
the home with an increase in the number of containers actually 
found on the property (R2 = 1.000; d.f. = 2; p = 0.002). No other 
significant relationships were observed. This is particularly 
important, indicating that residents may have been biased in 
their responses to the KAP survey, providing answers they felt 
were expected by the interviewees which were not substantiated 
by the backyard inspections.

Of respondents that used outdoor chemical control to manage 
mosquito populations, few consistent trends were observed 
(Figure 12). Those that reported never using chemical control 
was lowest at the greatest distance from natural mosquito 
breeding sites and highest in the intermediate buffer zone. The 
reverse trend was observed in residents that sometimes use 
outdoor chemical control methods with the lowest percentage 
of responses occurring in the intermediate buffer zone (0.5 to 1 
km from natural breeding sites). There was a steady decline in 
respondents who claimed to “often” use outdoor chemical control 
methods from the 0.5 km buffer zone to the 1.5 km buffer zone 
(28%, 21% and 15% respectively). The percentage of residents 
that always used outdoor chemical control increased from 
the 0.5km buffer to the 1.5km buffer zone (6%, 17% and 31% 
respectively) however, this was not found to be associated with 
adult or larval mosquito densities. In general, resident responses 
to the use of chemical control for mosquito management varied 
across the buffer zones and no clear pattern or reasoning could 
explain when residents perceived the need for chemical control 
around the home. No significant relationship was observed 
between residents using outdoor chemical control and adult or 
larval mosquito densities on the residential properties. These 
results are similar to a study in Papua New Guinea where they 
found indifference in resident’s use of mosquito nets, which they 
linked to a lack of fear of infection with malaria [48]. This contrasts 

with a study in the United States that found respondents who 
complied with prevention for Zika infection to have a stronger 
fear based response [49].

In the current study, reported strategies to reduce mosquito 
abundance actually increased with distance from natural 
breeding sites. Residents claiming to employ chemical treatment 
(including naturally based products) against mosquitoes 
increased with distance from natural breeding sites, from 11% 
to 31%. The latter figure is consistent with results from across 
WA with an average response of residents indicating that 33% 
use chemical control methods to reduce mosquito numbers [50]. 

Once again, the reasons for this can only be speculated. 
However, it seems plausible to suggest that rather than seeking 
to deal with mosquito-related nuisance and health risks via 
chemical means, people living closer to natural breeding sites 
“choose their battles” more selectively. Perhaps, for instance, 
they are more selective about times and places for entertaining. 
In other words, they might have come to accept the realities of 
their local environment, manage the risks as they can, and avoid 
exposures when they cannot. This, of course, needs to be assessed 
via further research.

A seemingly important methodological finding from the 
current study is that the results of KAP surveys alone might 
give distorted pictures of public health realities with respect to 
mosquito control. As a result, KAP surveys should not be solely 
relied upon to adequately enumerate behaviour and need to be 
supplemented with assessments as to whether practices claimed 
by residents are actually employed. 

The results of this small-scale study reflect those of 
residents living within 1.5 kms of natural mosquito breeding 
sites within a single Local Government area of Perth, Western 
Australia. Consequently, the findings and interpretations require 
confirmation through further research in other areas within and 
outside WA. 

Although the study was conducted at the peak of the mosquito-
breeding period (Summer of 2015-16), the environmental 
conditions at that time were not as conducive to mosquito 

Figure 11 Percentages of residents that remove or replace stagnant 
water to manage mosquito populations compared to average adult 
and larval mosquito densities with increasing distance (500 m buffer 
zones) from natural mosquito breeding sites along the Swan River.

Figure 12 Percentage of residents using outdoor chemical control 
options to manage mosquito populations compared to average adult 
and larval mosquito density with increasing distance (500 m buffer 
zones) from natural mosquito breeding sites along the Swan River.
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development as had been the case in the prior two years and the 
attitudes of residents may reflect the reduced mosquito pressure 
experienced by residents at the time of interview. Responses of 
residents may vary from year-to-year, dependent on mosquito 
production from breeding sites and comparison with La Niña 
weather patterns that lead to increased mosquito numbers.

CONCLUSION
In “The Art of War”, Tzu states “If you know the enemy and 

know yourself, you need not fear the result of a hundred battles. 
If you know yourself but not the enemy, for every victory gained 
you will also suffer a defeat. If you know neither the enemy nor 
yourself, you will succumb in every battle” [51]. Residents living 
in closer proximity to natural mosquito breeding sites seem to 
reflect the first exhortation, being more knowledgeable about the 
issue and more accepting of mosquito management and abatement 
as a shared responsibility requiring action within their own 
residential lots to reduce mosquito breeding. However, this study 
also suggested that as distance from natural mosquito breeding 
sites increased, the resident perspectives changed, seemingly to 
ones paralleling the final warning in the quote. In recent times, 
the tendency in Australian public health campaigns has been 
to see preventive health issues as being most readily resolved 
by fear-invoking communications. This has been supported by 
theories and models that seek to explain health related behavior. 
However, the current study casts some doubt over both these 
theories and the effectiveness of fear as a communication strategy, 
at least insofar as mosquito control is concerned. It also suggests 
that there might be substantial methodological weaknesses 
associated with research into health related behavior that relies 
on KAP approaches alone, without behavioral verification. This 
study clearly demonstrates a change in residents’ behavior 
with increasing distance from natural mosquito breeding sites 
associated with mosquito control efforts, even though a bias was 
clearly identified in residents’ attitudes and practices compared 
to their documented actions. These results suggest that stronger 
correlations may have been observed if residents’ responses to 
the KAP questionnaire reflected the actual behaviors observed 
in the quantification of backyard breeding container habitat, 
suggesting residents responses reflected attitude and behaviors 
they felt were expected by the interviewer.

ACKNOWLEDGEMENTS
This research was funded through the Funding Initiative for 

Mosquito Management in Western Australia (FIMMWA) from 
the Department of Health, Western Australia. We would like to 
thank the Town of Bassendean (especially Mayor John Gangell) 
for supporting the work and providing assistance in site details 
and data collections. Further thanks to the Department of Health, 
Western Australia for advertising on the ‘Delivering a Healthy 
WA’ webpage and the ‘Eastern Reporter’ for advertising the study. 
Finally, we wish to express our appreciation to all the residents of 
Town of Bassendean who participated in the research. 

REFERENCES
1.	 Davis JA, Froend R. Loss and degradation of wetlands in southwestern 

Australia: underlying causes, consequences and solutions. Wetl Ecol 
Manag. 1999; 7: 13-23.

2.	 Morel-EdnieBrown F. Layered landscape: The swamps of colonial 
Northbridge. Soc Sci Comput Rev. 2009; 27: 390-418.

3.	 Muhar A, Dale PE, Thalib L, Arito, E. The spatial distribution of Ross 
River virus infections in Brisbane: Significance of residential location 
and relationships with vegetation types. Environ Health Prev Med. 
2000; 4: 184-189.

4.	 Jardine A, Neville PJ, Dent C, Webster C, Lindsay MD. Ross River virus 
risk associated with dispersal of Aedes (Ochlerotatus) camptorhynchus 
(Thomson) from breeding habitat into surrounding residential areas: 
Muddy Lakes, Western Australia. Am J Trop Med Hyg. 2014; 91: 101-
108.

5.	 Jardine A, Neville PJ, Lindsay MD. Proximity to mosquito breeding 
habitat and Ross River virus risk in the peel region of Western 
Australia. Vector Borne Zoonotic Dis. 2015; 15: 141-146.

6.	 Whelan PI, Jacups S, Melville L, Broom A, Currie BJ, Krause VL, et al. 
Rainfall and vector mosquito numbers as risk indicators for mosquito-
borne disease in Central Australia. Commun Dis Intell Q Rep. 2003; 
27: 110-116.

7.	 Yang GJ, Brook BW, Whelan PI, Cleland S, Bradshaw CJ. Endogenous 
and exogenous factors controlling temporal abundance patterns of 
tropical mosquitoes. Ecol Appl. 2008; 18: 2028-2040.

8.	 Claflin SB, Webb CE. Ross River virus: Many vectors and unusual 
hosts make for an unpredictable pathogen. PLoS Pathog. 2015; 11: 
e1005070.

9.	 Inglehart R. Public support for environmental protection: Objective 
problems and subjective values in 43 Societies. Political Sci Politics. 
1995; 28: 57-72.

10.	Mohai P, Pellow D, Timmons-Roberts J. Environmental justice. Annu 
Rev Environ Resour. 2009; 34: 405-430. 

11.	Town of Bassendean. Health Local Laws, Bassendean, Perth, Australia. 
2001.

12.	Lamichhane RS, Neville PJ, Oosthuizen J, Clark K, Mainali S, Fatouros M, 
et al. The highs and lows of making a bucket list-Quntifying potential 
mosquito breeding habitats in metropolitan backyards. Front Public 
Health. 2017; 5: 292.

13.	https://healthywa.wa.gov.au/Healthy-living/Prevent-mosquito-bites

14.	Rogers RW. A Protection Motivation Theory of fear appeals and 
attitude change1. J Psychol. 1975; 91: 93-114.

15.	Rogers RW. Cognitive and Physiological processes in fear-based 
attitude change, a revised theory of protection motivation. In: 
Cacioppo J, Petty R, editors. Social Psychophysiology, A source book. 
New York: Guildford Press. 1983; 153-176.

16.	Maddux JE, Rogers RW. Protection Motivation and self-efficacy: 
A revised theory of fear appeals and attitude change. J of Exp Soc 
Psychol. 1983; 19: 469-479.

17.	Milne S, Sheeran P, Orbell S. Prediction and intervention in health-
related behavior: A meta-analytic review of protection motivation 
theory. J Appl Soc Psychol. 2000; 30: 106-143.

18.	De Pelsmacker P, Cauberghe V, Dens N. Fear appeal effectiveness for 
familiar and unfamiliar issues. J Soc Market. 2011; 1: 171-191.

19.	Babazadeh T, Nadrian H, Banayejeddi M, Rezapour B. Determinants 
of Skin cancer preventative behaviors among rural farmers in Iran: 
an application of protection motivation theory. J Cancer Educ. 2017; 
32: 604-612.

20.	Khiyali Z, Ghahremani L, Kaveh MH, Keshavarzi S. The effect of an 
educational program based on protection motivation theory on pap 

https://link.springer.com/article/10.1023/A:1008400404021
https://link.springer.com/article/10.1023/A:1008400404021
https://link.springer.com/article/10.1023/A:1008400404021
https://journals.sagepub.com/doi/abs/10.1177/0894439308329765
https://journals.sagepub.com/doi/abs/10.1177/0894439308329765
https://www.ncbi.nlm.nih.gov/pubmed/21432483
https://www.ncbi.nlm.nih.gov/pubmed/21432483
https://www.ncbi.nlm.nih.gov/pubmed/21432483
https://www.ncbi.nlm.nih.gov/pubmed/21432483
https://www.ncbi.nlm.nih.gov/pubmed/24799370
https://www.ncbi.nlm.nih.gov/pubmed/24799370
https://www.ncbi.nlm.nih.gov/pubmed/24799370
https://www.ncbi.nlm.nih.gov/pubmed/24799370
https://www.ncbi.nlm.nih.gov/pubmed/24799370
https://www.ncbi.nlm.nih.gov/pubmed/25700045
https://www.ncbi.nlm.nih.gov/pubmed/25700045
https://www.ncbi.nlm.nih.gov/pubmed/25700045
https://www.ncbi.nlm.nih.gov/pubmed/12725512
https://www.ncbi.nlm.nih.gov/pubmed/12725512
https://www.ncbi.nlm.nih.gov/pubmed/12725512
https://www.ncbi.nlm.nih.gov/pubmed/12725512
https://www.ncbi.nlm.nih.gov/pubmed/19263895
https://www.ncbi.nlm.nih.gov/pubmed/19263895
https://www.ncbi.nlm.nih.gov/pubmed/19263895
https://www.ncbi.nlm.nih.gov/pubmed/26335937
https://www.ncbi.nlm.nih.gov/pubmed/26335937
https://www.ncbi.nlm.nih.gov/pubmed/26335937
https://www.jstor.org/stable/420583?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/420583?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/420583?seq=1#page_scan_tab_contents
https://www.annualreviews.org/doi/abs/10.1146/annurev-environ-082508-094348
https://www.annualreviews.org/doi/abs/10.1146/annurev-environ-082508-094348
https://www.bassendean.wa.gov.au/documents/264/health-local-law-2001
https://www.bassendean.wa.gov.au/documents/264/health-local-law-2001
https://www.ncbi.nlm.nih.gov/pubmed/29164098
https://www.ncbi.nlm.nih.gov/pubmed/29164098
https://www.ncbi.nlm.nih.gov/pubmed/29164098
https://www.ncbi.nlm.nih.gov/pubmed/29164098
https://healthywa.wa.gov.au/Healthy-living/Prevent-mosquito-bites
https://www.ncbi.nlm.nih.gov/pubmed/28136248
https://www.ncbi.nlm.nih.gov/pubmed/28136248
https://www.scirp.org/(S(lz5mqp453edsnp55rrgjct55))/reference/ReferencesPapers.aspx?ReferenceID=1624461
https://www.scirp.org/(S(lz5mqp453edsnp55rrgjct55))/reference/ReferencesPapers.aspx?ReferenceID=1624461
https://www.scirp.org/(S(lz5mqp453edsnp55rrgjct55))/reference/ReferencesPapers.aspx?ReferenceID=1624461
https://www.scirp.org/(S(lz5mqp453edsnp55rrgjct55))/reference/ReferencesPapers.aspx?ReferenceID=1624461
https://www.sciencedirect.com/science/article/pii/0022103183900239
https://www.sciencedirect.com/science/article/pii/0022103183900239
https://www.sciencedirect.com/science/article/pii/0022103183900239
https://www.researchgate.net/publication/229865345_Prediction_and_Intervention_in_Health-Related_Behavior_A_Meta-Analytic_Review_of_Protection_Motivation_Theory
https://www.researchgate.net/publication/229865345_Prediction_and_Intervention_in_Health-Related_Behavior_A_Meta-Analytic_Review_of_Protection_Motivation_Theory
https://www.researchgate.net/publication/229865345_Prediction_and_Intervention_in_Health-Related_Behavior_A_Meta-Analytic_Review_of_Protection_Motivation_Theory
https://www.emeraldinsight.com/doi/abs/10.1108/20426761111170696
https://www.emeraldinsight.com/doi/abs/10.1108/20426761111170696
https://www.ncbi.nlm.nih.gov/pubmed/26922176
https://www.ncbi.nlm.nih.gov/pubmed/26922176
https://www.ncbi.nlm.nih.gov/pubmed/26922176
https://www.ncbi.nlm.nih.gov/pubmed/26922176
http://jech.umsha.ac.ir/browse.php?a_id=236&sid=1&slc_lang=en
http://jech.umsha.ac.ir/browse.php?a_id=236&sid=1&slc_lang=en


Central

Neville et al. (2018)
Email: Peter.Neville@health.wa.gov.au

Ann Public Health Res 5(3): 1080 (2018) 10/10

Neville  PJ, Clark K, Oosthuizen J, Beatty S, Fatouros M, et al (2018) Mosquito Management: Views of Accountability and Their Variance across Neighborhoods 
in Perth, Western Australia. Ann Public Health Res 5(3): 1080.

Cite this article

smear screening behavior among women referring to health centres 
in Fasa. J Educ Community Health. 2017; 3: 31-37.

21.	Thrul J, Stemmler M, Bühler A, KuntscheE. Adolescents’ protection 
motivation and smoking behaviour. Health Educ Res. 2013; 28: 683-
691.

22.	Hagger MS, Lonsdale AJ, Hein V, Koka A, Lintunen T, Pasi H, et al. 
Predicting alcohol consumption and binge drinking in company 
employees: an application of planned behavior and self-determination 
theories. Br J Health Psychol. 2012; 17: 379-407.

23.	Lwin MO, Stanaland AJ, Chan D. Using protection motivation theory to 
predict condom usage and assess HIV health communication efficacy 
in Singapore. Health Commun. 2010; 25: 69-79.

24.	Lwin MO, Vijaykumar S, Lim G, Fernando ON, Rathnayake VS, Foo S. 
Baseline evaluation of a participatory mobile health intervention for 
Dengue prevention in Sri Lanka. Health Educ Behav. 2016; 43: 471-
479.

25.	Lwin MO, Jayasundar K, Sheldenkar A, Wijayamuni R, Wimalaratne 
P, Ernst KC, et al. Lessons from the implementation of Mo-Buzz, a 
mobile pandemic Surveillance system for Dengue. JMIR Public Health 
Surveill. 2017; 3: e65. 

26.	Ghahremani L, Faryabi R, Kaveh MH. Effect of health education 
based on the protection motivation theory on Malaria preventative 
behaviors in rural households of Kerman, Iran. Int J Prev Med. 2014; 
5: 463-471.

27.	Australian Bureau of Statistics 2016.

28.	Liehne P. An Atlas of the mosquitoes of Western Australia. Health 
Department of Western Australia. 1991.

29.	ESRI Australia 2017. 

30.	Quantum GIS Development Team. Quantum GIS Geographic 
Information System. 2013.

31.	Watson TM, Saul A, Kay BH. Aedes notoscriptus (Diptera: Culicidae) 
survival and dispersal estimated by mark-recapture in Brisbane, 
Queensland, Australia. J Med Entomol. 2000; 37: 380-384.

32.	Watson TM, Kay BH. Vector competence of Aedes notoscriptus 
(Diptera: Culicidae) for Ross River virus in Queensland, Australia. J 
Med Entomol. 1998; 35: 104-106.

33.	Carver S, Storey A, Spafford H, Lynas J, Chander L, Weinstein P. 
Salinity as a driver of aquatic invertebrate colonization behaviour and 
distribution in the wheat belt of Western Australia. Hydrobiologia. 
2009; 617: 75-90.

34.	Chaves LF, Keogh CL, Vazquez-Prokopec GM, Kitron UD. Combined 
sewage overflow enhances oviposition of Culex quinquefasciatus 
(Diptera: Culicidae) in urban areas. J Med Entomol. 2009; 46: 220-226.

35.	Yasuno M, Rajagopalan PK, La Brecque GC. Migration patterns of Culex 
fatigans around Delhi, India. Trop Med. 1975; 17: 91-96.

36.	Service MW. Mosquito ecology field sampling methods. 2nd edn. 
London, United Kingdom: Elsevier Applied Science. 1993.

37.	Clements AN. The biology of mosquitoes. Volume 2. Sensory reception 
and behaviour. Oxon, United Kingdom: CABI Publishing. 1999.

38.	Department of Health, New South Wales. 2017. 

39.	Chapman HF, Hughes JM, Jennings C, Kay BH, Ritchie SA. Population 
structure and dispersal of the Salt marsh mosquito Aedes vigilax in 
Queensland, Australia. Med Vet Entomol. 1999; 13: 423-430.

40.	Bentley MD, Day JF. Chemical ecology and behavioral aspects of 
mosquito oviposition. Annu Rev Entomol. 1989; 34: 401-421.

41.	Munga S, Minakawa N, Zhou G, Barrack OO, Githeko AK, Yan G. Effects 
of larval competitors and predators on oviposition site selection of 
Anopheles gambiae sensu stricto. J Med Entomol. 2006; 43: 221-224.

42.	Vezzani D, Albicocco AP. The effect of shade on the open-vessel index 
and pupal productivity of the mosquitoes Aedes aegypti and Culex 
pipiens breeding in artificial open-vessels. Med Vet Entomol. 2009; 23: 
78-84.

43.	Wong J, Stoddard ST, Astete H, Morrison AC, Scott TW. Oviposition site 
selection by the Dengue vector Aedes aegypti and its implications for 
Dengue control. PLoS Negl Trop Dis. 2011; 5: e1015. 

44.	Vally H, Peel M, Dowse GK, Cameron S, Codde JP, Hanigan I, et al. 
Geographic Information Systems used to describe the link between 
the risk of Ross River virus infection and proximity to the Leschenault 
Estuary, WA. Aust N Z J Pub Health. 2012; 36: 229-235.

45.	Ghahremani L, Faryabi R, Kaveh MH. Effect of health education based 
on the protection motivation theory on Malaria preventive behaviors 
in rural households of Kerman, Iran. Int J Prevent Med. 2014; 5: 463-
471.

46.	Dillard JP. Rethinking the study of fear appeals: An emotional 
perspective. Commun Theory. 1994; 4: 295-323.

47.	Ayyamani UD, Ying GC, San OG. A knowledge, attitude and practice 
(KAP) study on dengue/dengue haemorrhagic fever and the Aedes 
mosquitoes. Med J Malaysia. 1986; 41: 108-115.

48.	Pulford J, Oakiva T, Angwinb A, Bryant M, Mueller I, Hetzel MW. 
Indifferent to disease: A qualitative investigation of the reasons why 
some Papua New Guineans who own mosquito nets choose not to use 
them. Soc Sci Med. 2012; 75: 2283-2290.

49.	Miller ME, Romine WL and Rúa MA. What do college Undergraduates 
know about Zika and what precautions are they willing to take to 
prevent its spread? Proc of the 2017 Int Conf on Health Info and Med 
Systems. 2017; 92-98.

50.	Potter A, Jardine A, Neville PJ. A survey of knowledge, attitudes, and 
practices in relation to mosquitoes and mosquito-borne disease in 
Western Australia. Front Public Health. 2016; 4: 32.

51.	Tzu S. The art of war. Translated by Lionel Giles. Ricardo CebriánSalé. 
2008.

http://jech.umsha.ac.ir/browse.php?a_id=236&sid=1&slc_lang=en
http://jech.umsha.ac.ir/browse.php?a_id=236&sid=1&slc_lang=en
https://www.ncbi.nlm.nih.gov/pubmed/23766453
https://www.ncbi.nlm.nih.gov/pubmed/23766453
https://www.ncbi.nlm.nih.gov/pubmed/23766453
https://www.ncbi.nlm.nih.gov/pubmed/22106875
https://www.ncbi.nlm.nih.gov/pubmed/22106875
https://www.ncbi.nlm.nih.gov/pubmed/22106875
https://www.ncbi.nlm.nih.gov/pubmed/22106875
https://www.ncbi.nlm.nih.gov/pubmed/20390672
https://www.ncbi.nlm.nih.gov/pubmed/20390672
https://www.ncbi.nlm.nih.gov/pubmed/20390672
https://www.ncbi.nlm.nih.gov/pubmed/26377525
https://www.ncbi.nlm.nih.gov/pubmed/26377525
https://www.ncbi.nlm.nih.gov/pubmed/26377525
https://www.ncbi.nlm.nih.gov/pubmed/26377525
https://www.ncbi.nlm.nih.gov/pubmed/28970191
https://www.ncbi.nlm.nih.gov/pubmed/28970191
https://www.ncbi.nlm.nih.gov/pubmed/28970191
https://www.ncbi.nlm.nih.gov/pubmed/28970191
https://www.ncbi.nlm.nih.gov/pubmed/24829734
https://www.ncbi.nlm.nih.gov/pubmed/24829734
https://www.ncbi.nlm.nih.gov/pubmed/24829734
https://www.ncbi.nlm.nih.gov/pubmed/24829734
http://quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/50401?opendocument
https://trove.nla.gov.au/work/20389837?q&versionId=24108774
https://trove.nla.gov.au/work/20389837?q&versionId=24108774
https://esriaustralia.com.au/news?year=2017
https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/reference/ReferencesPapers.aspx?ReferenceID=1515458
https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/reference/ReferencesPapers.aspx?ReferenceID=1515458
https://www.ncbi.nlm.nih.gov/pubmed/15535581
https://www.ncbi.nlm.nih.gov/pubmed/15535581
https://www.ncbi.nlm.nih.gov/pubmed/15535581
https://www.ncbi.nlm.nih.gov/pubmed/9538569
https://www.ncbi.nlm.nih.gov/pubmed/9538569
https://www.ncbi.nlm.nih.gov/pubmed/9538569
https://link.springer.com/article/10.1007/s10750-008-9527-5
https://link.springer.com/article/10.1007/s10750-008-9527-5
https://link.springer.com/article/10.1007/s10750-008-9527-5
https://link.springer.com/article/10.1007/s10750-008-9527-5
https://www.ncbi.nlm.nih.gov/pubmed/19351072
https://www.ncbi.nlm.nih.gov/pubmed/19351072
https://www.ncbi.nlm.nih.gov/pubmed/19351072
https://www.researchgate.net/publication/242293619_Migration_patterns_of_Culexfatigans_around_Delhi_India
https://www.researchgate.net/publication/242293619_Migration_patterns_of_Culexfatigans_around_Delhi_India
https://link.springer.com/content/pdf/bfm%3A978-94-011-1868-2%2F1.pdf
https://link.springer.com/content/pdf/bfm%3A978-94-011-1868-2%2F1.pdf
https://www.cabi.org/bookshop/book/9780851993133
https://www.cabi.org/bookshop/book/9780851993133
https://www.ncbi.nlm.nih.gov/pubmed/10608232
https://www.ncbi.nlm.nih.gov/pubmed/10608232
https://www.ncbi.nlm.nih.gov/pubmed/10608232
https://www.ncbi.nlm.nih.gov/pubmed/2564759
https://www.ncbi.nlm.nih.gov/pubmed/2564759
https://www.ncbi.nlm.nih.gov/pubmed/16619602
https://www.ncbi.nlm.nih.gov/pubmed/16619602
https://www.ncbi.nlm.nih.gov/pubmed/16619602
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2915.2008.00783.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2915.2008.00783.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2915.2008.00783.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2915.2008.00783.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3075222/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3075222/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3075222/
https://www.ncbi.nlm.nih.gov/pubmed/22672028
https://www.ncbi.nlm.nih.gov/pubmed/22672028
https://www.ncbi.nlm.nih.gov/pubmed/22672028
https://www.ncbi.nlm.nih.gov/pubmed/22672028
https://www.ncbi.nlm.nih.gov/pubmed/24829734
https://www.ncbi.nlm.nih.gov/pubmed/24829734
https://www.ncbi.nlm.nih.gov/pubmed/24829734
https://www.ncbi.nlm.nih.gov/pubmed/24829734
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-2885.1994.tb00094.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-2885.1994.tb00094.x
https://www.ncbi.nlm.nih.gov/pubmed/3821605
https://www.ncbi.nlm.nih.gov/pubmed/3821605
https://www.ncbi.nlm.nih.gov/pubmed/3821605
https://www.ncbi.nlm.nih.gov/pubmed/22995668
https://www.ncbi.nlm.nih.gov/pubmed/22995668
https://www.ncbi.nlm.nih.gov/pubmed/22995668
https://www.ncbi.nlm.nih.gov/pubmed/22995668
https://corescholar.libraries.wright.edu/biology/631/
https://corescholar.libraries.wright.edu/biology/631/
https://corescholar.libraries.wright.edu/biology/631/
https://corescholar.libraries.wright.edu/biology/631/
https://www.ncbi.nlm.nih.gov/pubmed/26973827
https://www.ncbi.nlm.nih.gov/pubmed/26973827
https://www.ncbi.nlm.nih.gov/pubmed/26973827

	Mosquito Management: Views of Accountability and Their Variance across Neighborhoods in Perth, Weste
	Abstract
	Abbreviations 
	Introduction
	Materials and Methods 
	Figure 1
	Results and Discussion 
	Figure 2
	Table 1
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Conclusion
	Acknowledgements
	References

