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Abstract

The global distribution of Aedes albopictus (Skuse) is rapidly expanding which has contributed to the emer-
gence and re-emergence of dengue and chikungunya outbreaks. Improvements in vector surveillance are nec-
essary to facilitate optimized, evidence-based vector control operations. Current trapping technology used to 
target Ae. albopictus and other Aedes species for vector surveillance are limited in both scale and scope, thus 
novel tools are required. Here, we evaluated the Male Aedes Sound Trap (MAST) for its capacity to sample male 
Ae. albopictus. Aims of this study were twofold: 1) to determine the most effective frequency for capturing male 
Ae. albopictus and 2) to investigate fine-scale variations in male Ae. albopictus abundance. MASTs which pro-
duced sound lure frequencies between 500 and 650 Hz captured significantly more male Ae. albopictus than 
those with sound lure frequencies set to 450 Hz. Further, the higher sound lure frequency of 700 Hz significantly 
reduced catches relative to 650 Hz. MASTs placed in woodland habitats captured significantly more male Ae. 
albopictus than MASTs placed near houses. These results provide baseline information for optimizing sound 
lure frequencies and placement of the MAST to sample male Ae. albopictus in remote areas.

Key words:  Aedes albopictus, sound lure, male, wing beat frequency, mosquito surveillance

The ‘Asian tiger mosquito’, Aedes albopictus (Skuse), is one of the 
most successful invasive insect species, largely as a result of human-
aided movement over the last 40 yr (Lounibos 2002, Kraemer et al. 
2015). High abundance of this species aid its ability to spread arbo-
viruses including dengue and chikungunya (Lounibos and Kramer 
2016), and its role as a nuisance species (Bonizzoni et al. 2013). 
Within the Indo-Pacific region, Ae. albopictus is wide spread, but 
has not yet become established on the Australian mainland, de-
spite being found in many of the outer islands of the Torres Strait. 
Establishment of Ae. albopictus on the Australian mainland may 
only be a matter of time (Benedict et  al. 2007, Bonizzoni et  al. 
2013). Once established, Ae. albopictus could expand its range 
to include most of the east coast of Australia (Russell et al. 2005, 
Hill et al. 2014).

Novel vector sampling traps could benefit mosquito programs 
to operate more effectively in remote locations. In remote areas, in 
particular, a low-power usage trap would be an attractive option 
in areas with limited, unreliable or expensive electricity. The Male 

Aedes Sound Trap (MAST), is small and practical being powered by 
only one AA battery (Staunton et al. 2020b). The sound emitted from 
the MAST emulates the frequency of female Aedes wing beats, a 
technique that has been demonstrated to effectively lure male Aedes 
(Clements 1999, Johnson et al. 2018, Rohde et al. 2019). Early traps 
using sound lures required bulky sound generators or tape recorders 
and adhesives (Kanda et al. 1987, Ikeshoji and Ogawa 1988) or an 
audio-oscillator powered by a 12-V battery (Balestrino et al. 2016), 
live animals, and/or CO2 (Kanda et al. 1987), all of which limit the 
traps utility in remote settings.

While male Ae. albopictus do not pose a direct public health 
threat (as they do not blood feed), they are a fundamental part of 
any Ae. albopictus population. Male mosquitoes typically emerge 
prior to females, and a trap specifically targeting males could provide 
early detection of a species presence in a given area. Second, various 
mosquito release programs have utilized Wolbachia transinfected 
Ae. albopictus males to suppress Ae. albopictus populations (Mains 
et  al. 2016, Zheng et  al. 2019). A  trap specifically targeting male 
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Ae. albopictus could be useful for evaluating mosquito abundance in 
areas before and following releases.

Only two studies have tested the relative attraction of Ae. 
albopictus to specific sound lure frequencies: one study in the lab-
oratory (Balestrino et al. 2016), the other in the field (Ikeshoji and 
Ogawa 1988). Balestrino et al. (2016) found no significant difference 
in attraction of male Ae. albopictus to sound lure frequencies set 
to 545, 600, and 649 Hz. Ikeshoji and Ogawa (1988) tested sound 
lure frequencies set to 400 and 900 Hz and found significantly more 
male Ae. albopictus were captured at 400 Hz (average of 5.5 male/
day) than 900 Hz (average of 0.3 male/day). It is likely that 900 Hz 
is outside the range of attractive frequencies for male Ae. albopictus. 
Determining specific sound lure frequencies which Ae. albopictus are 
attracted to, under field settings, is an important step toward devel-
oping an optimized and field-ready sound trap.

The MAST was developed to primarily catch male Ae. aegypti 
(L.) (Staunton et al. 2020b) and the capacity of the MAST for cap-
turing male Ae. albopictus has yet to be determined. Thus, the first 
objective of this study was to determine the efficacy of different 
sound lure frequencies to lure male Ae. albopictus to be captured 
in the MAST.

Within a landscape, the abundance of mosquitoes are natu-
rally highly heterogeneous (Burkot et  al. 2018, Staunton et  al. 
2020a). Fine-scale variations in mosquito abundance is likely 
driven by a combination of factors including microclimate 
(Murdock et al. 2017) and environmental factors (Staunton et al. 
2019b, 2020a). Understanding fine-scale variations in vector 
abundance is essential for effectively targeting vector control op-
erations, such as vegetation barrier sprays (Li et al. 2010, Muzari 
et al. 2017) and also for understanding the fine-scale risk of mos-
quito exposure to residents. For example, Ae. albopictus have 
been shown to preferentially rest in vegetated areas (Rey et al. 
2006); with BG-Sentinel (BGS) traps placed in shaded locations 
capturing significantly more Ae. albopictus, than those placed 
in locations without shade (Crepeau et  al. 2013). The second 
objective of this study was to investigate fine-scale variations 

affecting male Ae. albopictus abundance and how MAST place-
ment influences catch.

Here, we report field experiments which advance basic under-
standing of both the utility of the MAST and the comparative effect 
of sound lure frequencies and habitat type on capture rates of male 
Ae. albopictus with the MAST.

Methods

Study Site
The Torres Strait lies between the northernmost mainland point 
of Australia (Cape York) and the southern border of Papua New 
Guinea. This locality contains over 100 islands, of which 18 are 
inhabited (Stewart 2015). Aedes albopictus has been recorded on 
14 of 17 surveyed islands in the Torres Strait (Muzari et al. 2019). 
On the islands of Erub, Badu, and Masig, a series of dengue out-
breaks attributed to Ae. albopictus occurred between 2016 and 2017 
(Muzari et  al. 2019). Presently, operational mosquito surveillance 
by Queensland Health is limited to the two most populous islands 
(Horn and Thursday islands) owing to the challenging logistics and 
associated costs to trap mosquitoes in remote islands of the Torres 
Strait (most outer islands are more than 800 km from the closest 
mainland city of Cairns).

The Torres Strait region experiences distinct ‘dry’ (May–October) 
and ‘wet’ (November–April) seasons. Owing to its tropical location, 
temperatures vary marginally throughout the year. Average min-
imum and maximum temperatures are 24.4°C and 30.9°C for the 
‘dry’ season and 25.8°C and 32.2°C for the ‘wet’ season respec-
tively (Bureau of Meteorology 2020). Annual rainfall is estimated 
to be 1,452 mm, of which the vast majority falls in the ‘wet’ season 
(Bureau of Meteorology 2020).

Masig Island is in the central island group of the Torres Strait 
and is a low-elevation coral cay, 2.7 km long and 800 m at its 
widest point (Fig. 1). The island has a population of ca. 270 people 
(Australian Bureau of Statistics 2016). The major regional ecosystem 
on Masig Island consists of Casuarina equisetifolia woodland to 

Fig. 1. Masig Island (9.7516° S, 143.4082° E), Torres Strait, Queensland, Australia. Inset with pink circle indicates location of the Torres Strait. Orange square in-
dicates approximate location of the frequency experiments. Blue square indicates approximate location of the habitat type experiment. Map was produced in 
QGIS with the World Geodetic System 1984 projection and the World Imagery (2020) layer.
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open forest, sometimes with an understory of vine thicket species 
(Regional Ecosystem 3.2.6b; Neldner et al. 2019). The island has 
one principle village, with houses being typically bordered by a 
variety of native and ornamental vegetation as well as swathes of 
introduced weeds.

Study Period
Three experiments were conducted on Masig Island during the 
wet season from 22 March 2019 to 8 April 2019 and 11–25 
March 2020. There is no Bureau of Meteorology climate station 
on Masig Island, thus climate information were obtained from 
Poruma (Coconut) island, ~50 km from Masig Island. Total rain-
fall for the 2019 and 2020 sampling periods were 169 mm and 
189 mm, respectively (Bureau of Meteorology 2020). During the 
2019 sampling period, the average daily minimum and maximum 
temperatures were 25.6°C and 31.4°C. This was similar to the 
2020 sampling period, for which the average daily minimum 
and maximum temperatures were 25.4°C and 31.8°C (Bureau of 
Meteorology 2020).

Male Aedes Sound Trap
The trap used in this study has been described previously (Staunton 
et al. 2020b). Two versions of the MAST have been developed: the 
MAST Sticky and the MAST Spray. The MAST Spray was used in 
these experiments. In brief, the MAST consists of a large black 
plastic base upon which sits a clear plastic rectangular container 
that houses captured mosquitoes. The base of the MAST was 
made from two inverted black buckets, one placed on top of the 
other. The black base serves as a visual attractant for male mos-
quitoes, while the sound lure (housed inside the clear container) 
attracted nearby male mosquitoes to fly inside the clear container 
(Fig. 2). Lures were programmed to produce a sinusoidal tone for 
30 s on, 30 s off playback. Each lure contained a photodetector, 
which disabled playback between dusk and dawn. Rain guards, 
cut from plastic card holders (60  mm × 90  mm, Rexel, China) 
were placed over the lip (top of the container where the lid at-
taches) of each container. One day prior to the commencement of 
each experiment (i.e., experiment 1, 2, or 3), the inside of every 
clear container was sprayed once for 3  s with residual insecti-
cide (Mortein multi-insect killer fast knockdown aerosol: 1.0 g/kg 
Esbiothrin 0.3 g/kg Permethrin 0.2 g/kg Imiprothrin) to prevent 
captured insects from escaping.

Mosquito Sampling and Trap Processing
All traps were serviced once daily, from 9:00 a.m., with trap 
servicing randomized for both location and station. A ‘location’ re-
fers to the overall area where MASTs were placed. A ‘station’ refers 
to the exact location where the MASTs were placed. Each MAST 
was deployed at least 15 m apart. GPS coordinates of stations were 
taken using a Garmin eTrex 10. All maps were produced using QGIS 
(ver. 3.6.2) with the World Geodetic System 1984 projection and 
the World Imagery (2020) layer. All traps were set to 70 dB sound 
intensity, as measured at the MAST entrance using the ‘Sound Level 
Meter’ Google Play application (Bolden 2020), with a Google Nexus 
5x mobile phone. Captured insects were removed before examining 
with a Carson TV-15, TriView magnifier (15× magnification) for 
identifying morphologically (Zborowski 2011, Webb et  al. 2016). 
All by-catch (non-culicines) were identified to either order or family.

Field Trials
Impact of sound lure frequencies on catch rates of male Ae. 
albopictus
The aim of these experiments was to determine the comparative ef-
ficacy of different sound lure frequencies to lure male Ae. albopictus 
to be captured in the MAST.

Experiment 1. The range of effective sound frequencies that have pre-
viously captured male Ae. albopictus, being between 400 and 650 Hz, 
was used as initial guidance (Kanda et al. 1987, Ikeshoji and Ogawa 
1988, Ikeshoji and Yap 1990, Kusakabe and Ikeshoji 1990, Balestrino 
et al. 2016). A 4 × 4 Latin square design was utilized and simultaneously 
replicated across three different locations. The three locations were all 
situated in costal heath, dominated by C.  equisetifolia, Terminalia 
muelleri, and Spinifex sericeus. Within a location, four stations were 
designated, each station being at least 15 m apart. One MAST was set 
at each station, being a total of 12 MASTs across all three locations 
(Fig. 3A). In each Latin square, four MASTs playing different sound 
lure frequencies (450, 500, 550, and 600 Hz) were compared. The four 
MASTs were randomly rotated between stations of a single location 
daily. The entire experiment was replicated two times (n = 24).

Experiment 2. The sound lure frequency range was expanded to 
450, 600, 650, and 700 Hz to determine the relative catch rate of 
male Ae. albopictus in MASTs containing sound lures set to higher 

Fig. 2. Deployment of the MAST at (A) house, (B) woodland edge, and (C) woodland habitat types on Masig Island, Torres Strait, Queensland, Australia.
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frequencies. The same Latin square design, locations, and stations 
as above were used (Fig.  3A). Each of the three Latin squares 
were replicated three times (n  =  36). However, due to logistical 
constraints, bases comprised a single black bucket, instead of two 
black buckets stacked together, as previously deployed. The single 
buckets were either the top or bottom bucket of the previously 
stacked combination. As buckets differed in dimensions, the bases 
were not rotated in the Latin squares, only the clear containers 
with the sound lure. A  previous field trial found no significant 
difference between catch rate of male Ae. aegypti between single 
black (bottom) buckets and two black buckets stacked together 
(Staunton et al. 2020, in prep).

Influence of habitat type on catch rates of male Ae. 
albopictus
The aim of this experiment was to investigate fine-scale varia-
tions in male Ae. albopictus abundance and how trap placement 
influences catch.

Experiment  3. Three defined habitat types were selected: wood-
land, woodland edge and house habitats (Figs 2 and 3B). Woodland 
and woodland edge habitats were characterized by C. equisetifolia 
woodland to open forest, with a dense sub-canopy of vine thicket 
species, including Aglaia elaeagnoidea, Cyclophyllum spp., Drypetes 
deplanchei, Diospyros maritima, Planchonella obovate, Premna 
serratifolia, and Millettia pinnata (Regional Ecosystem 3.2.6b; 
Neldner et al. 2019). Hereafter, this regional ecosystem is referred to 
as a woodland ecosystem. Stations in woodland edge habitats were 
within 5 m from the boundary of the woodland ecosystem. Stations 
in woodland habitats were located at least 30 m from the boundary 
of the woodland ecosystem. House habitats were inside the perim-
eter of an inhabited property. These properties were adjacent to a 
boundary of the woodland ecosystem. Stations in house habitats 
were placed within 5 m of either the front or back door. Twelve 
stations were selected: four in woodland, four in woodland edge, 
and four in house habitats. The experiment ran over a period of 7 d 
(n = 28). All traps were set to 600 Hz, based on results of experiment 
1. The base of the MAST trap was made from two inverted black 
buckets, one placed on top of the other.

Statistical Analyses
Graphs were produced in GraphPad Prism 8 (ver. 8.4.2), and data 
were analyzed in R Studio (R Core Team 2017, ver. 3.5). To investi-
gate the impact of sound lure frequency on male Ae. albopictus catch 
rates (experiments 1 and 2) a generalized linear mixed model with 
a negative binomial distribution (Poisson models were consistently 
overdispersed) and a log-link function was performed using the lme4 
R package (ver. 1.1, Bates et al. 2015). The aods3 R package (ver 
1.1, Lesnoff and Lancelot 2018) was used to analyze overdispersion. 
Each frequency experiment was modeled separately. The param-
eter ‘frequency’ (fixed effect) was fitted to total daily catch of male 
Ae. albopictus by trap frequency, with ‘day’ and ‘station’ treated as 
random effects in the model. To investigate the influence of habitat 
type on catch rates of male Ae. albopictus (experiment 3), the pa-
rameter ‘habitat type’ (fixed effect) was fitted to total daily catch of 
male Ae. albopictus by habitat type with ‘day’ and ‘station’ treated 
as random effects in the model. For all experiments, the predictor 
variables were analyzed with an analysis of deviance using the car R 
package (ver. 3.0, Fox and Weisberg 2018). Finally, post-hoc tukey 
comparisons to determine significant differences among the esti-
mated marginal means (least-squares means) of treatment groups 
were performed using the emmeans R package (ver. 1.4.6, Lenth 
et al. 2020).

Results

Impact of Sound Lure Frequencies on Catch Rates of 
Male Ae. albopictus
In total, 312 and 360 male Ae. albopictus were captured in experi-
ments 1 and 2, respectively (Table 1). Other mosquito species cap-
tured included six male Ae. scutellaris (Walker), one male Verrallina 
funerea (Theobold)  (Diptera: Culicidae) and individual females of 
Ae. notoscriptus (Skuse), and Ae. albopictus (Table  1). The most 
abundant other invertebrates for both experiments were ants 
(Formicidae) and fruit flies (Drosophilidae) (Table 1).

Experiment 1
Sound lure frequency significantly influenced the average daily 
catch of male Ae. albopictus (χ 2 = 39.4, df = 3, P < 0.0001, n = 24; 

Fig. 3. (A) stations for the three Latin square frequency experiments, (B) stations for the habitat type experiment on Masig Island, Torres Strait, Queensland, 
Australia. Note each station was at least 15 m apart. Map was produced in QGIS with the World Geodetic System 1984 projection and the World Imagery (2020) 
layer.
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Fig.  4A; Supp Table S1 [online only]). Traps with sound lures set 
to 450 Hz captured significantly less male Ae. albopictus (mean ± 
SEM; 0.96 ± 0.22) compared to traps with sound lures set to either 
500 Hz (3.08  ± 0.68), 550 Hz (4.25  ± 0.86), or 600 Hz (4.75  ± 
0.84). Significant differences between average daily catch of male Ae. 
albopictus were not found when sound lures were set at 500 Hz, 550 
Hz and 600 Hz (Fig. 4A).

Experiment 2
Sound lure frequency significantly influenced the average daily catch 
of male Ae. albopictus (χ 2 = 22.9, df = 3, P < 0.0001, n = 36; Fig. 4B; 
Supp Table S2 [online only]). Traps with sound lures set to 450 Hz 
(1.0 ± 0.31) captured significantly less male Ae. albopictus compared 
to traps with sound lures set to 600 Hz (3.2 ± 0.92) and 650 Hz 

(3.7 ± 0.99). Traps with sound lures set to 700 Hz (2.1 ± 0.52) cap-
tured significantly less male Ae. albopictus compared to traps with 
sound lures set to 650 Hz (Fig. 4B).

Experiment 3
In total, 393 male Ae. albopictus were captured among the three 
habitat types (Table  2). Other mosquito species captured in-
cluded: 39 male Ae. scutellaris, 3 female Ae. scutellaris, 5 male 
Tripteroides magnesianus (Edwards) (Diptera: Culicidae), and 4 fe-
male Ae. notoscriptus (Table 2). The most abundant other inverte-
brates for both experiments were ants (Formicidae) and fruit flies 
(Drosophilidae) (Table 2).

Habitat type significantly influenced the average daily catch of 
male Ae. albopictus (χ 2 = 73.0, df = 2, P < 0.0001, n = 28; Fig. 5; 

Table 1. Total taxa captured during the frequency experiments

Taxa Experiment 1 (Hz) Experiment 2 (Hz)

450 500 550 600 Total 450 600 650 700 Total

Aedes albopictus male 23 74 101 114 312 37 115 134 74 360
Aedes albopictus female 0 0 1 0 1 0 0 0 0 0
Aedes scutellaris male 0 0 0 0 0 0 1 2 3 6
Aedes notoscriptus female 0 0 0 1 1 0 0 0 0 0
Verrallina funerea male 1 0 0 0 1 0 0 0 0 0
Formicidae 23 23 29 20 95 45 35 62 52 194
Diptera: Drosophilidae 12 40 38 38 128 2 1 4 4 11
Orthoptera 2 1 0 1 4 2 5 2 4 13
Coleoptera 0 0 0 0 0 0 6 1 0 7
Diptera (other) 0 0 1 2 3 2 0 0 0 2
Blattodea 0 0 0 1 1 0 0 1 1 2
Lepidoptera 0 0 0 0 0 1 0 0 0 1
Araneae 1 0 0 0 1 0 0 0 0 0
Total     547     596

Fig. 4. Average daily catch (± SEM) of male Ae. albopictus by frequency (Hz) for (A) experiment 1, and (B) experiment 2. Different letters indicate significantly 
different groups (P < 0.05, Tukey HSD, n = 24 for A, n = 36 for B).
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Supp Table S3 [online only]). Stations at house habitats (0.32 ± 0.16) 
captured significantly less male Ae. albopictus compared to stations 
set at both woodland edge (7.0 ± 1.6) and woodland (7.29 ± 1.3) 
habitats (Fig.  5). No significant difference between average daily 
catch of male Ae. albopictus was found between woodland edge and 
woodland stations (Fig. 5).

Discussion

This is the first comprehensive field study investigating catch rates 
of male Ae. albopictus relative to a range of sound lure frequen-
cies. This work demonstrated the ability of the MAST to capture 
male Ae. albopictus. This is a promising outcome for the MAST, 
which owing to the sound lures’ low-power usage (the version 
of the sound lure tested in this study is calculated to last up to 4 
mo with one AA battery) could be a useful addition for male Ae. 
albopictus surveillance in remote areas. The BGS trap is justifiably 
the gold standard surveillance tool for Ae. albopictus (Akaratovic 
et al. 2017, Gibson-Corrado et al. 2017), but requires power from 
either a 12 V battery or mains. Staunton et al. (2020b) found that 

the MAST caught comparable numbers of male Ae. aegypti, to the 
BGS trap. As this study was only focused on determining the effi-
cacy of different sound lure frequencies and habitat types to capture 
male Ae. albopictus, the effectiveness of the MAST to capture male 
Ae. albopictus, relative to other mosquito traps, is unknown. Future 
studies concerning male Ae. albopictus could compare the efficacy of 
the MAST in capturing male mosquitoes overall, relative to well-es-
tablished traps such as the BGS trap.

Low by-catch in both the present study and Staunton et  al. 
(2020b) is supportive of the MAST being highly selective to-
ward capturing both male Ae. aegypti and Ae. albopictus. Limited 
by-catch is likely a result of the MAST design. By-catch is reduced 
by not utilizing an olfactory lure or fan to indiscriminately attract 
and capture insects. Subsequently, less by-catch could reduce time 
involved in sorting through traps, of benefit for researchers and mos-
quito release programs.

The most effective sound lure frequencies for capturing male Ae. 
albopictus were between 500 and 650 Hz in these experiments on 
Masig Island, and this is supported by previous research. For cap-
turing male Ae. albopictus under field conditions, Balestrino et al. 
(2016) found no significant difference in male Ae. albopictus catch 
rates for sound frequency sweeps between 500 and 650 Hz against 
a BGS trap with BG sentinel lure. Under laboratory conditions, 
Balestrino et al. (2016) found that sound frequency sweeps between 
500 and 650 Hz captured significantly more male Ae. albopictus 
than fixed frequencies of 545 Hz, 600 Hz, and 649 Hz. Here, fixed 
frequencies were studied, where the same frequency was played for 
30  s continuously. Sound frequency sweeps between 500 and 650 
Hz could increase male Ae. albopictus catch rate with the MAST. 
Future studies could determine the catch rate of male Ae. albopictus 
with fixed and sound frequency sweeps of the MAST under field 
conditions.

Both the present study and Balestrino et al. (2016) found that 
frequencies above 500 Hz were effective at capturing male Ae. 
albopictus. The initial average female Ae. albopictus wingbeat fre-
quency recording of 462 Hz (Ikeshoji 1981) was used as a reference 
for most of the earlier sound trap studies, which largely tested 400 
Hz and 480 Hz for capturing male Ae. albopictus (Ikeshoji 1987, 
Kanda et  al. 1987, Ikeshoji and Ogawa 1988, Ikeshoji and Yap 
1990, Kusakabe and Ikeshoji 1990). Later work by Brogdon (1994) 
recorded mean female Ae. albopictus wing beat frequencies between 
536 and 544 Hz. Our results support greater male Ae. albopictus at-
traction at these higher frequencies and that frequencies below 500 
Hz are suboptimal for attracting male Ae. albopictus. The range in 
frequencies attractive to male Ae. albopictus may reflect a plausible 
range of female wing beat frequencies found under field conditions, 

Fig. 5. Average daily catch (± SEM) of male Ae. albopictus by habitat type 
for experiment 3.  Different letters indicate significantly different groups 
(P < 0.05, Tukey HSD, n = 28).

Table 2. Total taxa captured by habitat type (experiment 3)

Taxa Woodland Woodland edge House Total

Ae. albopictus male 188 196 9 393
Ae. scutellaris male 13 26 0 39
Ae. scutellaris female 1 2 0 3
Ae. notoscriptus female 3 1 0 4
Tripteroides magnesianus male 5 0 0 5
Formicidae 19 9 17 45
Diptera: Drosophilidae 13 7 1 21
Orthoptera 1 1 0 2
Coleoptera 0 1 1 2
Diptera: Sciaridae 0 0 1 1
Total 243 243 29 515
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encompassing different larval rearing conditions, age of females 
and environmental conditions (e.g., temperature), as such factors 
have been demonstrated to influence female wingbeat frequencies 
in laboratory conditions (Costello 1974, Mukundarajan et al. 2017, 
Villarreal et al. 2017, Staunton et al. 2019a).

Results from thixs study suggest that characteristics from the 
woodland and woodland edge habitat types were associated with 
high numbers of male Ae. albopictus. At least five times more male 
Ae. albopictus were captured at stations in woodland and woodland 
edge than at stations near houses. All traps were placed within the 
flight range of Ae. albopictus (>200m; Marini et al. 2019, Vavassori 
et al. 2019), which indicates that Ae. albopictus had a preference for 
inhabiting the vegetated areas within close proximity of the village. 
This is likely a result of these habitats being more shaded, higher 
in humidity and likely plentiful oviposition sites available. Previous 
research on Ae. albopictus found more eggs in oviposition traps situ-
ated in areas with vegetation and trees than in areas without vegeta-
tion and trees (Hawley 1988, Rey et al. 2006, Honório et al. 2009, 
Cianci et  al. 2015). Shade and vegetation may thus be an impor-
tant determinant of catch rate success with the MAST, as it was for 
both male and female Ae. albopictus using BGS traps (Crepeau et al. 
2013). For optimizing MAST placement, future studies should in-
vestigate environmental factors important in influencing catch (e.g., 
amount of shade, vegetation type, and distance to households) with 
both the MAST and the BGS trap, as has been undertaken for opti-
mizing BGS trap catches of Ae. aegypti following ‘rear and release’ 
programs (Staunton et al. 2019b, 2020a).

Aedes scutellaris was occasionally captured with MASTs in the 
woodland (n = 13), woodland edge (n = 26) and in one frequency 
experiment (n = 6). This is the first report of this mosquito being 
attracted and captured in a sound trap. In 2002, Ae. scutellaris was 
recorded as the only container-breeding Aedes species on Masig 
Island (Ritchie et al. 2002), but subsequently was likely displaced by 
Ae. albopictus (Ritchie et al. 2006). A 2016 larval survey across the 
Torres Strait, showed that Ae. scutellaris was as widespread as Ae. 
albopictus, albeit at considerably lower abundance (Muzari et  al. 
2019). Our result most likely reflects catch of Ae. scutellaris under 
a low abundance setting. Futures studies concerned with the use of 
sound to capture Ae. scutellaris should focus on setting MASTs in 
areas where this mosquito is found at higher population abundances.

Additional development of the MAST could include telemetric 
options, involving sensor, photographic and communication equip-
ment, to allow traps to continuously record and upload data. This 
could allow traps to be ‘set-and-forget’ and would be of considerable 
benefit for vector surveillance in remote areas. If further suppression 
or mosquito control of Ae. albopictus was to occur in the Torres 
Strait, MASTs could potentially be used to remotely monitor the suc-
cess of various control strategies. Additionally, MASTs could be used 
as a low-power surveillance tool by countries for monitoring incur-
sions of Ae. albopictus and potentially other Aedes species.

Conclusion

We found that sound lure frequencies at or above 500 Hz but 
below 700 Hz could be used for optimizing the capture of male 
Ae. albopictus on Masig Island. MASTs may therefore provide a 
useful tool for male Ae. albopictus surveillance throughout sim-
ilar locations within the Torres Strait. Additionally, MASTs placed 
in woodland and woodland edge habitats captured at least five 
times more male Ae. albopictus than MASTs placed at house habi-
tats. Understanding small scale variations in vector abundance is 

essential for effectively targeted vector control operations. Current 
suppression of Ae. albopictus on Horn and Thursday islands, by 
residual harborage spraying with lambda-cyhalothrin to well-
shaded vegetation below 2 m in height and leaf litter at potential 
harborage sites (Muzari et al. 2017), could also be an appropriate 
tool for Ae. albopictus suppression on the outer islands of the 
Torres Strait.

Supplementary Data

Supplementary data are available at Journal of Medical Entomology online.

Acknowledgments
We thank the Masigalgal people who kindly allowed us to place traps on their 
land. Thanks also to Michael Reid for assisting with accommodation on Masig 
during the 2019 sampling season. We also thank Rhondda Jones for providing 
statistical assistance and to Jianyi Liu for programming sound lure frequen-
cies. Additional thanks to Odwell Muzari for support and advice regarding 
field work logistics. T.S. was financially supported by a Australian Government 
Research Training Program Scholarship. The Far North Queensland Hospital 
Foundation provided funding for covering field work-related costs. Verily Life 
Sciences provided sound lures used in these traps. The trap described in this 
manuscript has a patent application (pending and actual), belonging to Verily 
Life Sciences.

Data Availability

Data and HTML output supporting the conclusions of this ar-
ticle are available from the JCU Research  Data repository: doi.
org/10.25903/5f23bd0447ed8 (Swan 2020).

References Cited
Akaratovic, K. I., J. P. Kiser, S. Gordon, and C. F. Abadam. 2017. Evaluation 

of the trapping performance of four Biogents AG traps and two lures for 
the surveillance of Aedes albopictus and other host-seeking mosquitoes. J. 
Am. Mosq. Control Assoc. 33: 108–115.

Australian Bureau of Statistics. 2016. Census QuickStats: Masig Island. 
(https://www.abs.gov.au/census). Accessed 15 March 2019.

Balestrino,  F., D.  P.  Iyaloo, K.  B.  Elahee, A.  Bheecarry, F.  Campedelli, 
M.  Carrieri, and R.  Bellini. 2016. A sound trap for Aedes albopictus 
(Skuse) male surveillance: response analysis to acoustic and visual stimuli. 
Acta Trop. 164: 448–454.

Bates, D., M. Mächler, B. Bolker, and S. Walker. 2015. Fitting linear mixed-
effects models using lme4. J. Stat. Softw. 67: 1–48.

Benedict, M. Q., R. S. Levine, W. A. Hawley, and L. P. Lounibos. 2007. Spread 
of the tiger: global risk of invasion by the mosquito Aedes albopictus. 
Vector Borne Zoonotic Dis. 7: 76–85.

Bolden. 2020. Sound level meter (v. 1.4.3). https//play.google.com/store/apps. 
Accessed 10 February 2019.

Bonizzoni, M., G. Gasperi, X. Chen, and A. A. James. 2013. The invasive mos-
quito species Aedes albopictus: current knowledge and future perspectives. 
Trends Parasitol. 29: 460–468.

Brogdon, W. G. 1994. Measurement of flight tone differences between female 
Aedes aegypti and Aedes albopictus (Diptera: Culicidae). J. Med. Entomol. 
31: 700–703.

Bureau of Meteorology. 2020. Average monthly temperature and rainfall. 
http//www.bom.gov.au/climate/dwo/I. Accessed 15 April 2020.

Burkot,  T.  R., H.  Bugoro, A.  Apairamo, R.  D.  Cooper, D.  F.  Echeverry, 
D. Odabasi, N. W. Beebe, V. Makuru, H. Xiao, J. R. Davidson, et al. 2018. 
Spatial-temporal heterogeneity in malaria receptivity is best estimated by 
vector biting rates in areas nearing elimination. Parasit. Vectors 11: 606.

Cianci, D., N. Hartemink, C. B. Zeimes, S. O. Vanwambeke, A.  Ienco, and 
B. Caputo. 2015. High resolution spatial analysis of habitat preference of 

Downloaded From: https://bioone.org/journals/Journal-of-Medical-Entomology on 11 May 2024
Terms of Use: https://bioone.org/terms-of-use

https://www.abs.gov.au/census
https//play.google.com/store/apps
http//www.bom.gov.au/climate/dwo/I


715Journal of Medical Entomology, 2021, Vol. 58, No. 2

Aedes Albopictus (Diptera: Culicidae) in an urban environment. J. Med. 
Entomol. 52: 329–335.

Clements, A. N. 1999. The biology of mosquitoes. Sensory reception and be-
havior, Vol. 2. CAB Int., Wallingford, UK.

Costello, R. A. 1974. Effects of environmental and physiological factors on 
the acoustic behavior of Aedes aegypti (L.) (Diptera: Culicidae). (Doctoral 
dissertation). Retrieved from: http://summit.sfu.ca/item/3357.

Crepeau,  T.  N., S.  P.  Healy, K.  Bartlett-Healy, I.  Unlu, A.  Farajollahi, and 
D. M. Fonseca. 2013. Effects of biogents sentinel trap field placement on cap-
ture rates of adult Asian tiger mosquitoes, Aedes albopictus. PLoS One. 8: 
e60524.

Fox, J., and S. Weisberg. 2018. An R companion to applied regression. Sage 
Publications.

Gibson-Corrado,  J., M.  L.  Smith, R.  D.  Xue, and F.  X.  Meng. 2017. 
Comparison of two new traps to the Biogents BG-sentinel trap for col-
lecting Aedes albopictus in North Florida. J. Am. Mosq. Control Assoc. 
33: 71–74.

Hawley, W. A. 1988. The biology of Aedes albopictus. J. Am. Mosq. Control 
Assoc. Suppl. 1: 1–39.

Hill, M. P., J. K. Axford, and A. A. Hoffmann. 2014. Predicting the spread of 
Aedes albopictus in Australia under current and future climates: multiple 
approaches and datasets to incorporate potential evolutionary divergence. 
Austral Ecol. 39: 469–478.

Honório, N. A., M. G. Castro, F. S. M. Barros, M. A. F. M. Magalhães, and 
P. C. Sabroza. 2009. The spatial distribution of Aedes aegypti and Aedes 
albopictus in a transition zone, Rio de Janeiro, Brasil. Cad. Saude Publica. 
25: 1203–1214.

Ikeshoji, T. 1981. Acoustic attraction of male mosquitos in a cage. Japanese 
J. Sanit. Zool. 32: 7–15.

Ikeshoji, T. 1987. Synergistic effect of lactic acid with a chemosterilant metepa 
to the sound-attracted male mosquitoes. Japan Soc. Med. Entomol. Zool. 
38: 333–338.

Ikeshoji, T., and K. Ogawa. 1988. Field catching of mosquitoes with various 
types of sound traps. Japanese J. Sanit. Zool. 39: 119–123.

Ikeshoji, T., and H. H. Yap. 1990. Impact of insecticide-treated sound traps 
on an Aedes albopictus population. Japanese J. Sanit. Zool. 41: 213–217.

Johnson,  B.  J., B.  B.  Rohde, N.  Zeak, K.  M.  Staunton, T.  Prachar, and 
S.  A.  Ritchie. 2018. A low-cost, battery-powered acoustic trap for 
surveilling male Aedes aegypti during rear-and-release operations. PLoS 
One. 13: e0201709.

Kanda,  T., W.  Cheong, K.  Loong, T.  Lim, K.  Ogawa, G.  Chiang, and 
S. Sucharit. 1987. Collection of male mosquitoes from field populations 
by sound trapping. Trop. Biomed. 4: 18.

Kraemer,  M.  U., M.  E.  Sinka, K.  A.  Duda, A.  Q.  Mylne, F.  M.  Shearer, 
C. M. Barker, C. G. Moore, R. G. Carvalho, G. E. Coelho, W. Van Bortel, 
et al. 2015. The global distribution of the arbovirus vectors Aedes aegypti 
and Ae. albopictus. Elife 4: e08347.

Kusakabe,  Y., and T.  Ikeshoji. 1990. Comparative attractancy of physical 
and chemical stimuli to aedine mosquitoes. Japanese J.  Sanit. Zool. 41: 
219–225.

Lenth, R., H. Singmann, J. Love, P. Buerkner, and M. Herve. 2020. emmeans: 
Estimated Marginal Means, aka Least-Squares Means. emmeans package 
version 1.4.2. https://cran.r-project.org/web/packages/emmeans/index.
html. Accessed 15 January 2020.

Lesnoff,  M., and R.  Lancelot. 2018. aods3: analysis of overdispersed data 
using S3 methods. (https://cran.r-project.org/web/packages/aods3/citation.
html). Accessed 10 January 2020.

Li, C. X., Z. M. Wang, Y. D. Dong, T. Yan, Y. M. Zhang, X. X. Guo, M. Y. Wu, 
T. Y. Zhao, and R. D. Xue. 2010. Evaluation of lambda-cyhalothrin bar-
rier spray on vegetation for control of Aedes albopictus in China. J. Am. 
Mosq. Control Assoc. 26: 346–348.

Lounibos, L. P. 2002. Invasions by insect vectors of human disease. Annu. Rev. 
Entomol. 47: 233–266.

Lounibos, L. P., and L. D. Kramer. 2016. Invasiveness of Aedes aegypti and 
Aedes albopictus and vectorial capacity for Chikungunya Virus. J. Infect. 
Dis. 214: S453–S458.

Mains, J. W., C. L. Brelsfoard, R.  I. Rose, and S. L. Dobson. 2016. Female 
adult Aedes albopictus suppression by Wolbachia-infected male mosqui-
toes. Sci. Rep. 6: 33846.

Marini, F., B. Caputo, M. Pombi, M. Travaglio, F. Montarsi, A. Drago, R. Rosà, 
M.  Manica, and A.  Della  Torre. 2019. Estimating Spatio-temporal dy-
namics of Aedes Albopictus dispersal to guide control interventions in case 
of exotic Arboviruses in temperate regions. Sci. Rep. 9: 10281.

Mukundarajan, H., F. J. H. Hol, E. A. Castillo, C. Newby, and M. Prakash. 
2017. Using mobile phones as acoustic sensors for high-throughput mos-
quito surveillance. Elife 6: e27854.

Murdock,  C.  C., M.  V.  Evans, T.  D.  McClanahan, K.  L.  Miazgowicz, and 
B. Tesla. 2017. Fine-scale variation in microclimate across an urban land-
scape shapes variation in mosquito population dynamics and the potential 
of Aedes albopictus to transmit arboviral disease. Plos Negl. Trop. Dis. 
11: e0005640.

Muzari, M. O., G. Devine, J. Davis, B. Crunkhorn, A. van den Hurk, P. Whelan, 
R. Russell, J. Walker, P. Horne, G. Ehlers, et al. 2017. Holding back the 
tiger: successful control program protects Australia from Aedes albopictus 
expansion. Plos Negl. Trop. Dis. 11: e0005286.

Muzari, M. O., J. Davis, R. Bellwood, E. Gunn, U. Sabatino, R. Gair, C. Toms, 
and S. Petrie. 2019. Dominance of the tiger: the displacement of Aedes 
aegypti by Aedes albopictus in parts of the Torres Strait, Australia. 
Commun. Dis. Intell. 43: 1–10.

Neldner,  V.  J., D.  W.  Butler, G.  Guymer, R.  J.  Fensham, J.  E.  Holman, 
H.  G.  Cogger, H.  Ford, C.  Johnson, J.  E.  Holman, D.  W.  Butler, et  al. 
2019. Queensland’s Regional Ecosystems. Building and maintaining a 
biodiversity inventory, planning framework and information system 
for Queensland. Retrieved from https://www.researchgate.net/publica-
tion/332212757. Accessed 15 February 2020.

R Core Team. 2017. R: a language and environment for statistical computing. 
Computer program, version. R Core Team, Vienna, Austria.

Rey,  J.  R., N.  Nishimura, B.  Wagner, M.  A.  Braks, S.  M.  O’Connell, and 
L. P. Lounibos. 2006. Habitat segregation of mosquito arbovirus vectors 
in south Florida. J. Med. Entomol. 43: 1134–1141.

Ritchie,  S., B.  Montgomery, and I.  Walsh. 2002. Production of mosquitoes 
in rainwater tanks and wells on Yorke Island, Torres Strait: preliminary 
study. Environ. Heal. 2: 13.

Ritchie,  S.  A., P.  Moore, M.  Carruthers, C.  Williams, B.  Montgomery, 
P. Foley, S. Ahboo, A. F. van den Hurk, M. D. Lindsay, B. Cooper, et al. 
2006. Discovery of a widespread infestation of Aedes albopictus in the 
Torres Strait, Australia. J. Am. Mosq. Control Assoc. 22: 358–365.

Rohde, B. B., K. M. Staunton, N. C. Zeak, N. Beebe, N. Snoad, A. Bondarenco, 
C.  Liddington, J.  A.  Anderson, W.  Xiang, R.  W.  Mankin, et  al. 2019. 
Waterproof, low-cost, long-battery-life sound trap for surveillance of male 
Aedes aegypti for rear-and-release mosquito control programmes. Parasit. 
Vectors 12: 417.

Russell, R. C., C. R. Williams, R. W. Sutherst, and S. A. Ritchie. 2005. Aedes 
(Stegomyia) albopictus--a dengue threat for southern Australia? Commun. 
Dis. Intell. 29: 296–298.

Staunton,  K.  M., L.  Usher, T.  Prachar, S.  A.  Ritchie, N.  Snoad, and 
B. J. Johnson. 2019a. A novel methodology for recording wing beat fre-
quencies of Untethered male and female Aedes aegypti. J. Am. Mosq. 
Control Assoc. 35: 169–177.

Staunton, K. M., P. Yeeles, M. Townsend, S. Nowrouzi, C. J. Paton, B. Trewin, 
D. Pagendam, A. Bondarenco, G. J. Devine, N. Snoad, et al. 2019b. Trap 
location and premises condition influences on Aedes aegypti (Diptera: 
Culicidae) catches using Biogents sentinel traps during a “Rear and 
Release” program: implications for designing surveillance programs. J. 
Med. Entomol. 56: 1102–1111.

Staunton, K. M., J. E. Crawford, D. Cornel, P. Yeeles, M. Desnoyer, J. Livni, 
J.  Holeman, F.  S.  Mulligan, N.  Snoad, and S.  A.  Ritchie. 2020a. 
Environmental influences on Aedes aegypti catches in Biogents Sentinel 
traps during a Californian “rear and release” program: implications for 
designing surveillance programs. Plos Negl. Trop. Dis. 14: e0008367.

Staunton, K. M., J. E. Crawford, J. Liu, M. Townsend, Y. Han, M. Desnoyer, 
P. Howell, W. Xiang, T. R. Burkot, N. Snoad, et al. 2020b. A low-powered 

Downloaded From: https://bioone.org/journals/Journal-of-Medical-Entomology on 11 May 2024
Terms of Use: https://bioone.org/terms-of-use

http://summit.sfu.ca/item/3357
https://cran.r-project.org/web/packages/emmeans/index.html
https://cran.r-project.org/web/packages/emmeans/index.html
https://cran.r-project.org/web/packages/aods3/citation.html
https://cran.r-project.org/web/packages/aods3/citation.html
https://www.researchgate.net/publication/332212757
https://www.researchgate.net/publication/332212757


716 Journal of Medical Entomology, 2021, Vol. 58, No. 2

and highly selective trap for male Aedes (Diptera: Culicidae) surveillance: 
the male Aedes sound trap. J. Med. Entomol.

Stewart,  M. 2015. Torres Strait Inhabited Islands (TSRA). eAtlas. https://
researchdata.ands.org.au/torres-strait-inhabited-islands-tsra/675133. 
Accessed 15 June 2020.

Swan, T. 2020. Dataset for: The impact of sound lure frequency and habitat 
type on male Aedes albopictus capture rates with the Male Aedes Sound 
Trap. James Cook University. (dataset).

Vavassori,  L., A.  Saddler, and P.  Müller. 2019. Active dispersal of Aedes 
albopictus: a mark-release-recapture study using self-marking units. 
Parasit. Vectors 12: 1–14.

Villarreal, S. M., O. Winokur, and L. Harrington. 2017. The impact of temper-
ature and body size on fundamental flight tone variation in the mosquito 

vector Aedes aegypti (Diptera: Culicidae): implications for acoustic lures. 
J. Med. Entomol. 54: 1116–1121.

Webb, C. E., S. L. Doggett, and R. C. Russell. 2016. A guide to the mosquitoes 
of Australia. Csiro Publishing.

World Imagery. 2020. Esri, Maxar, GeoEye, Earthstar Geographics, CNES/
Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community. 
https://services.arcgisonline.com/ArcGIS/rest/services/World_Imagery/
MapServer/0. Accessed 12 May 2020.

Zborowski,  P. 2011. Pocket guide to the top 40 mosquitoes of 
Queensland. Queensland Government, Cairns.

Zheng, X., D. Zhang, Y. Li, C. Yang, Y. Wu, X. Liang, Y. Liang, X. Pan, L. Hu, 
Q. Sun, et al. 2019. Incompatible and sterile insect techniques combined 
eliminate mosquitoes. Nature. 572: 56–61.

Downloaded From: https://bioone.org/journals/Journal-of-Medical-Entomology on 11 May 2024
Terms of Use: https://bioone.org/terms-of-use

https://researchdata.ands.org.au/torres-strait-inhabited-islands-tsra/675133
https://researchdata.ands.org.au/torres-strait-inhabited-islands-tsra/675133
https://services.arcgisonline.com/ArcGIS/rest/services/World_Imagery/MapServer/0
https://services.arcgisonline.com/ArcGIS/rest/services/World_Imagery/MapServer/0

