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Abstract
Surveillance is not only an important tool to assess the population dynamics of vector mosquitoes, but it can also be used to
control vector-borne diseases. Mosquito vectors that belong to several genera such as Anopheles, Aedes, and Culex play a crucial
role in the transmission of malaria, dengue, chikungunya, Zika, and elephantiasis diseases worldwide. We tested the efficacy of
two commercial-grade oviposition attractant formulations that were developed for the container-inhabiting Aedes aegypti, Aedes
albopictus, and Culex quinquefasciatus mosquitoes present in urban or semi-urban environments. These attractants can lure
gravid females. Field trials were conducted in residential yards during a post-rainy season in September and October. Our data
showed considerable efficacy for both attractants. Aedes-attractant collected 1.6-fold more larvae (101.2 ± 10.5 larvae/trap) than
the control, and Culex-attractant collected 1.27-fold more larvae (151.2 ± 12.5 larvae/trap) than the control, resulting in 0.8 and
0.7 oviposition attraction indices (OAIs), respectively. Regression analysis indicated that the Aedes-attractant was more stable
than the Culex-attractant. Location and time did not alter the efficacy of these attractants. Our experiment suggests that these
attractants can be used for the development of species-specific gravid traps to detect, estimate, and control the mosquito
population in urban and semi-urban areas.
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Introduction

Aedes and Culex mosquitoes are among the key vectors for
several diseases of public and animal health. According to the
World Health Organization (WHO), more than 2.5 billion
people in over 100 countries are at risk of dengue infection
alone (WHO 2014). In the twentieth century, more than 100
species of viruses causing infection were reported to be trans-
ferred by mosquito bites (Gould et al. 2017). Specifically,
Aedes aegypti and Aedes albopictus mainly transmit dengue,
chikungunya and Zika viruses globally, whereas Culex
quiqnuefasciatus and Culex vishnui group mosquitoes

transmit Japanese encephalitis in India and other countries
(NVBDCP 2018). Although vaccine is available for
Japanese encephalitis, there is no vaccine or effective treat-
ment available for dengue, chikungunya, and Zika virus infec-
tions. Thus, mosquito vector control is currently the best tool
to manage the arthropod-borne viral infections.

Both Aedes and Culex mosquito genera have adapted to
survive in a variety of domestic and peridomestic habitats
under urban and semi-urban environmental conditions,
where they are the most prominent mosquito species
(Sirivanakaran 1976; Hawley 1988; WHO 2009). These
mosquitoes have diverse host choices, which makes it
difficult to adopt a single surveillance strategy for all spe-
cies (Silver 2007). An effective surveillance method en-
hances population estimate accuracy, resulting in more
efficient control applications (Farajollahi et al. 2009,
2012; Fonseca et al. 2013; Unlu et al. 2017). Many
methods are used for sampling each life stage; however,
they can be tedious, cumbersome, and costly and require
extensive manpower.
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Ovitrap surveillance is an efficient but passive method that
captures eggs (Perich et al. 2003; Ritchie et al. 2009; Unlu
et al. 2017). It has been used effectively for the surveillance of
container-inhabiting Aedes mosquitoes in urban and semi-
urban environments in previous studies (Bellini et al. 1996;
Abramides et al. 2011; Fonseca et al. 2013; Achee et al. 2015;
Codeco et al. 2015). Field deployment of ovitraps has shown a
reduction in the density of Ae. albopictus and other mosqui-
toes in the USA and Italy (Jackson et al. 2012; Degener et al.
2014; Englbrecht et al. 2015). Ovitraps differ in design and
oviposition attractant composition, yielding mixed efficacy
(Reiter et al. 1991; Trexler et al. 1998; Ponnusamy et al.
2010, 2015; Unlu et al. 2017). Ovitraps modified into lethal
ovitraps/gravid traps have become an alternative control meth-
od (Barrera et al. 2014; Johnson et al. 2017). However, few
efforts have been made to develop ovitraps for Culex
mosquitoes.

The development of a strong, long-lasting, species-specific
oviposition attractant for Aedes and Culex mosquitoes is re-
quired for effective ovitraps to assess the population density
with higher sensitivity and for use as an effective control tool.
In this study, we have tested the hypothesis that the enhanced
formulations of oviposition attractants can provide species-
specific and long-term attractancy to Aedes and Culex vector
mosquitoes. We have shown the efficacy of two attractants for
the gravid females of Aedes and Culex mosquitoes in field
conditions.

Material and methods

Field locations

To test the efficacy of oviposition attractants against Aedes
species (Ae. aegypti and Ae. albopictus) and Culex
quinquefasciatus mosquitoes, five locations were selected in
residential areas in semi-urban and urban communities in
Kolkata, West Bengal, India, where the climate was hot and
humid with frequent rain. These locations were situated in
north, south, east, west and central regions of the city, spaced
out 5–10 km apart. These locations were surveyed for the
prevalence of the larvae and pupae of both mosquitoes before
selection. In the survey, tires, discarded buckets, household
containers, water tanks, and other possible temporary and per-
manent structures were inspected for the presence of mosquito
larvae/pupae. For the site selection, an area containing bushes,
trees, and shade from house structures were chosen for the
placement of ovitraps.

Oviposition attractant and ovitrap

Two oviposition attractants developed for container-
inhabiting mosquitoes (Aedes (Mosquito Lure) and Culex

spp. (Culex Mosquito Accelerator™)) were obtained from
Maxtech Mosquito Control Inc., Ontario, Canada. These at-
tractants were developed for the trap, the Mosquito
Preventer™. The Aedes attractant was a mixture of multiple
synthetic materials based on n-heneicosane, whereas Culex
attractant was a plant-based product containing rabbit chow.
Both attractants were in a standard packing for a single appli-
cation in a recommended volume of water (10 L) in the
ovitrap. Ovitraps were constructed with plastic buckets
(12 L, 28 cm diam.). The Aedes-attractant is a water-soluble/
miscible compound which was readily mixed with gentle
steering; however, the Culex-attractant is packed into a
floatable perforated sachet to generate infusion while absorb-
ing the water.

Deployment of ovitraps and sampling

After pre-sampling in August 2017, ovitraps were placed un-
der tree shade or bushes to avoid direct sunlight and filled with
10 L of tap water. Each site received three ovitraps,
Aedes-attractant, Culex-attractant, and control. These traps
were at least 25–30 m apart from each other. Both Aedes
and Culex traps contained tap water infused with oviposition
attractants, whereas control ovitraps contained only tap water.
The day of placement is denoted as week 0. Weekly sampling
was carried out at all the locations. The number of larvae and
pupae in each trap was counted and converted into larvae/trap
to measure the efficacy of oviposition attractants. Larvae were
brought to the laboratory and sorted to genus by a trained
expert and further reared for species confirmation.

Statistical analysis

Data from weekly ovitrap collections were pooled and
checked for the normal distribution curve. To assess the spe-
cies specificity of attractants, the density of respective species
in their attractant and controls against other mosquitoes was
analyzed for significant differences using one-way ANOVA
or Kruskal-Wallis test at P < 0.05. More than 98% hatch was
observed in the laboratory from field-collected eggs during
pre-experimental collections; hence, it was assumed that the
larva number is proportional or equal to the egg density and
the oviposition rate in the trap. The oviposition attractancy
index (OAI) for both attractants against control at each week
was calculated followed by Kramer and Mulla (1979): OAI =
T −C / T + C, where T represents the number of eggs/larvae in
treatment and C denotes the number of eggs/larvae in control
traps. This index ranges between +1 and −1, with positive
values indicating attractancy and negative values indicating
repellency.

To assess the attractant stability and attractancy over time, a
multiple regression analysis was conducted between time du-
ration (X-axis) and % population captured in treatments (Y-
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axis) in comparison to control and another attractant.
Regression lines of Aedes and Culex attractants were also
compared with each other for significant differences by as-
suming equal intercepts (p < 0.05). Unless otherwise speci-
fied, the data are represented as mean ± standard error (SE).

Results

Mosquito population collection

During this study, 8228mosquito larvae were collected from all
the traps deployed including Aedes-attractant, Culex-attractant,
and control ovitraps. A total of 4373 were Aedes and 3855 were
Culex. Aedes populations included Ae. aegypti (32%) and Ae.
albopictus (68%), whereas Culex quinquefasciatuswas 98% of
the Culex population. The Culex larval population was almost
double that of the Aedes population in control traps.

Species specificity of oviposition attractants

The Aedes-oviposition attractant was most effective for luring
Aedes, compared to the control and Culex-attractant, with sig-
nificantly greater collection of Aedes mosquitoes (101.2 ±
10.5 larvae/trap) in Aedes ovitraps than the control (63.0 ±
8.2 larvae/trap) and Culex ovitraps (10.6 ± 2.7 larvae/trap)
(Fig. 1, Table 1, one-way ANOVA df = 2,72, f-ratio = 33.3,
p = 0.0001, LSD = 22.2).

The Culex-attractant also showed more attractancy to
Culex mosqui toes in comparison to control and
Aedes-attractant, capturing more Culex (151.2 ± 12.5 larvae/
trap) than the control (118.9 ± 14.5 larvae/trap) and
Aedes-attractant (35.2 ± 7.7 larvae/trap) (Figs. 2, Table 3,
one-way ANOVA df = 2,72, f-ratio = 27.1, p = 0.0001,
LSD = 32.5).

Oviposition attraction index

The oviposition attraction index (OAI) represents either the
strength of attractancy if positive, or repellency if negative. In
the first week, the Aedes-attractant showed maximum
attractancy (0.8 ± 0.1 OAI) which was reduced to 0.3 ± 0.1
in the second week, persisting to the fifth week with a slight
reduction during the fourth week (Fig. 3). Similarly, the
Culex-attractant showed 0.7 ± 0.1 OAI in the first week and
reduced to 0.4 ± 0.03 in the second week. There was a further
decline in its attractancy and finally became negative
(repellant) in the fourth and fifth weeks (Fig. 3).

Impact of time and locations on the efficacy
of oviposition attractants

Both Aedes- and Culex-attractants were evaluated for 5 weeks
on different field conditions to assess their persistence perfor-
mance. The Aedes-attractant showed a significant increase
from 19.6 ± 4.0 larvae/trap/week at week 1 to 146.2 ± 5.9

Table 1 One-way analysis of
variance (ANOVA) for the effi-
cacy of Aedes-oviposition-attrac-
tant in comparison to control and
Culex attractant

Source Sum of squares df Mean square f-ratio p value LSD

Between groups 103,445.0 2 51,722.3 33.29 0.0000 22.22

Within groups 111,861.0 72 1553.63

Total (Corr.) 215,306.0 74

LSD Fisher’s least significant difference

Fig. 1 Box-and-whisker plot showing species specificity of the Aedes-
attractant for gravid Aedes mosquitoes against the Culex-attractant and
control (tap water). The significant differences among the treatments are
denoted by different letters (one-way ANOVA, p < 0.0001, Fisher’s
LSD = 22.22). The horizontal black line in the box–whisker plots is the
median. The open small box represents the outlier, and the plus sign in the
box plot represents mean value. Whiskers depict the confidence interval
for each box plot

Fig. 2 Box-and-whisker plot showing species specificity of the
Culex-attractant for Culex mosquitoes against Aedes-attractant and
control (tap water). The significant differences among the treatments
denoted by different letters (one-way ANOVA, p < 0.0001, Fisher’s
LSD = 32.46). The horizontal black line in the box–whisker plots is the
median. The open small box represents the outlier, and the plus sign in
box plot represents mean value. Whiskers depict confidence interval for
each box plot
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larvae/trap/week at week 4 and declined slightly to 126.8 ± 9.2
larvae/trap/week (Fig. 4, Table 2, multiple-way ANOVA df =
4, f-ratio = 21.44, p = 0.0001, LSD = 11.2). There was no sig-
nificant difference among the locations for the density of the
population captured (Tables 2, multiple-way ANOVA df = 4,
f-ratio = 1.28, p = 0.318, LSD = 11.2).

We noted that the Culex population density in the trap
deployed with the Culex-attractant was 61.4 ± 7.3 larvae/
trap/week at week 1, which increased significantly to 170.2
± 13.6 larvae/trap/week in week 2, varied non-significantly in
weeks 3 and 4, and finally declined significantly in week 5
(Fig. 5, Table 4, multiple-way ANOVA df = 4, f-ratio = 18.8,
p = 0.0001, LSD = 38.2). No difference was found among the
various locations for the density captured in the traps (Table 4,
multiple-way ANOVA df = 4, f-ratio = 0.62, p = 0.65, LSD =
38.2).

Multiple regression analysis of oviposition attractants

The multiple regression analysis showed an R value of
69.63% and downward slope for both Aedes-attractant (per-
cent = 85.3261−7.01014*week) and Culex-attractant (per-
cent = 94.9996−12.5808*week) (Fig. 6). The analysis also in-
dicates significant differences in the analysis of variance anal-
ysis between the attractants (Table 5). When intercepts were
assumed equal for the analysis of regression lines of both
attractants, both lines were significantly different from each

other (Table 5), indicating that the Culex-attractant lost effica-
cy faster than the Aedes-attractant.

Discussion

The oviposition attractant is a vital component of the
ovitraps (Trexler et al. 1998; Barrera et al. 2014). The
development of stronger attractants enhances the ovitrap
efficacy for the surveillance and population management
of mosquitoes, which helps in the refinement of vector-
borne disease control. The present study reports on new
and effective oviposition attractant formulations that were
tested under the field conditions. Our data show a consid-
erably higher attractiveness of oviposition attractants for
the Culex and Aedes mosqui toes; however, the
Aedes-attractant was found to be much more species-
specific than the Culex mosquitoes. Both attractants were
active for a 1-month period under the field conditions.

Surveillance is the backbone of any successful vector
control program. Analyzing the spatiotemporal patterns of
mosquito populations is necessary for the development
and execution of mosquito control measures (WHO
2009; Wong et al. 2011; Fonseca et al. 2013). Several
studies have shown the utility of different traps for cap-
turing the adults, larvae, and eggs (Ritchie et al. 2009;
Barrera et al. 2014; Johnson et al. 2017). The adult trap
that uses light cues, such as CDC miniature light traps,
has been used effectively for the surveillance of nocturnal
Culex and Anopheles mosquitoes (Arunachalam et al.
1999). However, light traps are ineffective for the collec-
tion of diurnal Aedes aegypti and Ae. albopictus mosqui-
toes (Silver 2007). Since Aedes mosquitoes are synchro-
nized with human activity and have evolved day-biting
rhythms for blood feeding, the use of light trap during
daytime is ineffective. BG-Sentinel traps, based on
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Fig. 3 Oviposition attraction index (OAI) of Aedes- andCulex-attractants
under field conditions

Fig. 4 Box-and-whisker plot showing the long-term efficacy of
Aedes-attractant measured by population density in traps per week. The
significant differences among the treatments are denoted by different
letters (one-way ANOVA, p < 0.0001, Fisher’s LSD= 11.19). The hori-
zontal black line in the box–whisker plots is the median. The open small
box represents the outlier, and the plus sign in the box plot represents the
mean value. Whiskers depict confidence interval for each box plot

Table 2 Multiple-way analysis of variance for the efficacy of
Aedes-oviposition-attractants to assess the effect of location and time

Source Sum
of squares

df Mean square f-ratio p value LSD

Main effects

A: location 3213.36 4 803.34 1.28 0.3184 11.19

B: time 53,768.2 4 13,442.0 21.44 0.0000

Residual 10,031.0 16 626.94

Total (corr.) 67,012.6 24

LSD Fisher’s least significant difference
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synthetic chemicals mimicking human hosts, have also
been evaluated against Aedes mosquitoes (Farajollahi
et al. 2012). BG-Sentinel traps are highly sensitive to
determine the population density for the control opera-
tions (Unlu et al. 2017). Despite the high cost, BG-
Sentinel traps were successfully used by various mosquito
control agencies in USA, Europe, Australia, and Africa
(Williams et al. 2007; Degener et al. 2015; Englbrecht
et al. 2015; Kampen et al. 2017). However, costly traps
may not be affordable for an individual for personal pro-
tection. Gravid oviposition traps are relatively inexpen-
sive, providing an alternative tool for the surveillance
and management of Aedes mosquitoes by luring the fe-
males looking for suitable larval habitats.

Developing an oviposition trap and lure for both Aedes
and Culex is difficult due to their strikingly different
physiology, biology, oviposition behaviors, and selection
of habitats (Clements 1992). The eggs of Ae. aegypti and
Ae. albopictus are encased in a tough and collapse-
resistant shell, usually attached individually on the con-
tainer wall, just above the water surface (Suman et al.
2011, 2013). In contrast, the eggs of Culex mosquitoes
are less collapse-resistant than the Aedes eggs, and are
found in free-floating egg-rafts, joined together by lateral
finger-like projections, making egg collection difficult
(Suman et al. 2008, 2009).

An oviposition trap attracts gravid females and induces
them to oviposit in the trap by providing favorable

conditions for larval development (Trexler et al. 1998;
Perich et al. 2003; Ritchie et al. 2009; Wong et al.
2011). The oviposition behavior of mosquitoes involves
two crucial events. The first is to find a suitable habitat
using long-range cues such as color, texture, and chemical
cues. The second is the short-range cues used by gravid
females to make a decision to lay eggs in the habitats,
such as disturbance, the chemical properties of the water,
and presence of conspecific individuals or other organ-
isms (Bentley and Day 1989; Day 2016). These compo-
nents make it difficult to characterize larval habitats.
Nonetheless, efforts have been made to analyze various
components of the larval habitats; for instance, several
chemicals have been isolated and evaluated to develop
Bmosquito attractive media^ (Trexler et al. 1998;
Ponnusamy et al. 2010, 2015); however, several modern
traps are still reliant on crude plant infusion or tap water
(Ritchie et al. 2009; Barrera et al. 2014; Unlu et al. 2017).

The efficacy and stability of oviposition attractants are
important for the active life of the gravid traps (Gaugler
et al. 2017). Gaugler et al. (2017) demonstrated that the
plant-derived attractants lose the efficacy quickly and be-
come unattractive within 1–2 weeks. This is mainly attrib-
uted to the degradation of plant materials into the water,
changing the physicochemical properties of the infusion,
which may turn into a deterrent or repellent to the target
mosquito. Multiple studies on mosquito surveillance have
used plant infusions and synthetic chemicals as oviposi-
tion attractants, although these attractants need to be re-
placed or replenish on a weekly basis (Fonseca et al.
2013; Unlu et al. 2017). Both plant-based and synthetic
attractants have their merits and disadvantages; botanical

Table 3 One-way analysis of
variance (ANOVA) for the effi-
cacy of Culex-oviposition-attrac-
tant in comparison to control and
Aedes attractant

Source Sum of squares df Mean square f-ratio p value LSD

Between groups 179,919.0 2 89,959.3 27.14 0.0000 32.46

Within groups 238,636.0 72 3314.39

Total (corr.) 418,554.0 74

LSD Fisher’s least significant difference

Fig. 5 Box-and-whisker plot showing the long-term efficacy of Culex-
attractant measured by population density in traps per week. The signif-
icant differences among the treatments denoted by different letters (one-
way ANOVA, p < 0.0001, Fisher’s LSD = 38.15). The horizontal black
line in the box–whisker plots is the median. The open small box repre-
sents the outlier, and the plus sign in the box plot represents mean value.
Whiskers depict confidence interval for each box plot

Table 4 Multiple-way analysis of variance for the efficacy of
Culex-oviposition-attractants to assess the effect of location and time

Source Sum
of squares

df Mean square f-ratio p value LSD

Main effects

A: location 2006.64 4 501.66 0.62 0.6552 38.16

B: time 60,983.0 4 15,245.8 18.82 0.0000

Residual 12,960.6 16 810.035

Total (corr.) 75,950.2 24

LSD Fisher’s least significant difference
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products are highly attractive, but inconsistent in quality
as their chemical composition varied depending on the
seasons and geographical regions. Synthetic attractants
are inexpensive and can maintain their quality, but have
poor efficacy, making them inviable in the market. Our
preliminary study on the development of oviposition at-
tractants using oak infusion against n-heneicosane has
shown superior efficacy of plant-based product over the
synthetic product (unpublished data, Suman et al.). We
show that the enhanced formulations extend the longevity
of attractants. For example, rabbit chow packed into the
pouch increased the longevity of the attractant for 4 weeks
after the deployment of the traps and collected around 170
larvae of Culex quinquefasciatus per week. Similarly, the
other synthetic oviposition attractant formulation devel-
oped for Aedes mosquitoes showed effective attractancy

for 5 weeks continuously, even after rain events, suggest-
ing that testing the long-term seasonal efficacy of this
attractant may lead to the development of a commercial
product.

Chemical cues are the most significant as decision-making
factors. They may act as either a repellent/deterrent or an
attractant/arrestant (Bentley and Day 1989; Trexler et al.
1998; Sharma et al. 2008, 2009; Seenivasagan et al. 2010;
Wong et al. 2011). Here, we show that the synthetic
Aedes-attractant is highly specific for Aedes mosquitoes with
fewer Culex larvae near the end of the test, whereas the
Culex-attractant developed for the Culex behaves differently,
attracting Aedes mosquitoes at the beginning of the test and
becoming repellant at the end of the test; however, it was
highly attractive to Culex in mid-phase. This indicates that
infusion quality changes over the time, shifting mosquito spe-
cies’ preferences. This suggests that the rabbit chow formula-
tion infusion is more applicable for the Culexmosquito attrac-
tion rather than Aedes.

Conclusion

The oviposition attractants evaluated for the container
Aedes and Culex mosquitoes have shown species-
specific and long-lasting activity in urban and semi-
urban areas. The findings may be useful for the develop-
ment of gravid traps for the surveillance and control mea-
sures of container-inhabiting Ae. aegypti, Ae. Albopictus,
and Cx. quinquefasciatus vector mosquitoes.
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Fig. 6 Regression analysis of the efficacy of Aedes- andCulex-attractants
over time and comparison of their slope for a significant difference (slope,
p < 0.009)

Table 5 (A) Multiple regression
analysis of the efficacy of
oviposition attractancy of Aedes-
and Culex-attractants and weeks
and (B) comparison of regression
slopes of both Aedes- and
Culex-attractants for significant
differences

(A) Multiple regression analysis

Parameter Estimate Standard error T statistic p value

Constant 85.3261 4.78769 17.822 0.0000

Week −7.01014 1.44354 −4.85621 0.0000

Treat =Culex 9.67357 6.77081 1.42872 0.1598

Week*treat =Culex −5.57063 2.04148 −2.72873 0.0090

Source Sum of squares df Mean square f-ratio p value

Analysis of variance

Model 10,990.1 3 3663.37 35.16 0.0001

Residual 4792.77 46 104.191

Total (corr.) 15,782.9 49

(B) Comparison of regression lines

Week 9595.09 1 9595.09 90.10 0.0000

Slopes 1182.35 1 1182.35 11.10 0.0017

Model 10,777.4 2

Regression equation: percent = 85.3261 − 7.01014 * (treat = Aedes) * week + 9.67357 * (treat = Culex) −
5.57063 * week * (treat =Culex). R-squared = 69.6331%, R-squared (adjusted for df) = 67.6527%, standard error
of est. = 10.2074, Durbin–Watson statistic = 1.14597 (p = 0.0001), lag 1 residual autocorrelation = 0.376443
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