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Abstract
The presence and establishment of Culicidae in urban areas increase the transmissibility of tropical diseases, since 
some species can participate as vectors of pathogens. Thus, this study aimed to evaluate the indoor and outdoor 
abundance of immature and adult populations of Culicidae at the urban area of Porto Velho, Rondônia. Mosquitoes 
were captured using electric aspirators and ovitraps in September and December 2018 in 27 households spread 
over nine neighborhoods. A total of 2,342 specimens were collected, distributed among five species, of which 
Culex quinquefasciatus (Say, 1823), Aedes aegypti (Linnaeus, 1762) and Aedes albopictus (Skuse, 1894) were the most 
abundant. Considering the sum total obtained by both techniques, more mosquitoes were captured indoors than 
outdoors. However, the GLM estimates for the ovitrap technique showed that immature Ae. aegypti, Ae. albopictus 
and Cx. quinquefasciatus were significantly more abundant in the outdoors, on average. The opposite result was 
observed for electrical aspiration, in which Ae. aegypti and Cx. quinquefasciatus adults were more abundant indoors. 
The average number of winged Ae. albopictus showed no significant difference between indoors and outdoors. 
Our findings corroborate the data on the abundance and incidence of these three species in other regions of 
Brazil, highlighting the need for continuous surveillance due to their importance in disease transmission to 
humans. We also demonstrated that the ovitrap is a sensitive device to monitor Cx. quinquefasciatus larvae and 
wild species that occasionally frequent urban areas, and thus can be used for surveillance, especially when there 
are budgetary constraints. Therefore, we emphasize that the combination of techniques, in addition to identifying 
which species and which stage of development are more frequent inside and outside households, also allows for 
the implementation of specific and integrated control measures.
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Resumo
A presença e o estabelecimento de culicídeos na área urbana aumentam a transmissibilidade de doenças tropicais, 
pois algumas espécies podem participar como vetores de patógenos. Assim, este estudo teve como objetivo avaliar 
a abundância de populações imaturas e adultas de espécies de culicídeos em intradomicílio e peridomicílio, em 
localidades da área urbana de Porto Velho, Rondônia. Os mosquitos foram capturados com o uso de aspiradores 
elétricos e ovitrampas nos meses de setembro e dezembro de 2018 em 27 residências distribuídas por nove bairros. 
Coletaram-se 2.342 espécimes, distribuídos em cinco espécies, das quais Culex quinquefasciatus (Say, 1823), Aedes 
aegypti (Linnaeus, 1762) e Aedes albopictus (Skuse, 1894) foram as mais abundantes. Considerando o somatório 
obtido por ambas as técnicas, mais mosquitos foram capturados no intradomicílio que no peridomicílio. No entanto, 
as estimativas de GLM para a técnica de ovitrampa demonstraram que imaturos de Ae. aegypti, Ae. albopictus e Cx. 
quinquefasciatus foram significativamente mais abundantes em peridomicílio, em média. Resultado inverso foi 
observado para aspiração elétrica, no qual adultos de Ae. aegypti e Cx. quinquefasciatus foram mais abundantes em 
intradomicílio. O número médio de adultos de Ae. albopictus não apresentou diferença significativa entre intra e 
peridomicílio. Nossos achados corroboram os dados de abundância e ocorrência dessas três espécies em outras 
regiões do Brasil, evidenciando a necessidade de vigilância contínua devido à sua importância na transmissão de 
doenças aos seres humanos. Nós demonstramos também que a ovitrampa é uma técnica sensível para monitorar 
larvas de Cx. quinquefasciatus e espécies silvestres que ocasionalmente frequentam áreas urbanas, podendo assim, 
ser empregada para a vigilância, especialmente quando há restrições orçamentárias. Assim, ressaltamos que a 
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among nine neighborhoods of the urban core, in order to 
characterize the Culicidae fauna and identify which species 
are circulating inside and outside households, which can 
be applied to future planning of vector control actions.

2. Materials and Methods

2.1. Ethical aspects

The study was approved by the Ethics Committee in 
Human Research (CEP FIOCRUZ-IOC #1.420.911 and CEP 
CEPEM #535.903). In order to carry out entomological 
collections in the households, all participants provided 
their written informed consent, and the homeowners had 
the option to withdraw from participating in the project. 
In addition, participants were informed about the main 
objectives, methods, risks, and benefits of the study.

2.2. Study area

Porto Velho city has 67 neighborhoods and is the 
third largest capital city in the northern region of 
Brazil, with a metropolitan area of approximately 
150 km2 (Gonçalves  et  al., 2014). According to the 
most recent census (2010), the municipality has 
428,527 inhabitants, with an estimated population of 
548,952 inhabitants in 2021 (IBGE, 2021). The study was 
carried out during the months of September and December 
2018, in nine neighborhoods within the urban core of 
Porto Velho, in the State of Rondônia. The collections were 
carried out in 27 households (three per neighborhood) 
distributed throughout nine neighborhoods: Aponiã, 
Cohab, Floresta, Nova Esperança, Nova Porto Velho, Ronaldo 
Aragão, São João Bosco, Tancredo Neves and Triângulo (see 
Figure 1). The households were chosen on a database from 
the AETRAPP-WWF-Fiocruz Rondônia Project (https://
latinno.net/en/case/3305/) which has information on the 
collection of Aedes spp. eggs through aettraps (https://
youtu.be/_Xzw26_hXOA) and ovitraps from 90 households 
in the urban area of Porto Velho, between September and 
December 2017. The criterion for choosing these households 
was the total amount of mosquito eggs collected, selecting 
for each neighborhood the three households with the 
greatest number of Aedes spp. eggs.

2.3. Sampling techniques

Two techniques were used for mosquito collection, the 
modified ovitrap (to collect immature insects) and the 
electric aspirator (to collect adults). The standard ovitrap is 
a trap intended for the oviposition of mosquitoes, consisting 
of a black container with a wooden paddle (Reiter et al., 
1991). This trap is recommended in the surveillance of 
Aedes spp. mosquitoes, given its high sensitivity and 
specificity along with its low cost, when compared to other 

1. Introduction

The vast majority of mosquito species are considered 
to be wild, however, certain species have adapted to the 
urban settings due to man-made modifications. The changes 
in the bionomy of these mosquitoes, largely caused by 
environmental interferences such as deforestation and 
urbanization, can be exemplified by species of the Culex, 
Aedes, and Anopheles genera (Taipe-Lagos and Natal, 2003; 
Burkett-Cadena and Vittor, 2018; Multini et al., 2019).

The mosquitoes Cx. quinquefasciatus and Ae. aegypti 
are two species that have benefited from the reduction 
of urban forest areas, because in addition to reducing the 
number of predators, they are less dependent on these 
areas than other species, and can reproduce and proliferate 
easily in urban areas, both indoors and outdoors (Medeiros-
Sousa et al., 2017).

The mosquitoes from the genus Aedes can be found all 
over the world, mainly in tropical and subtropical regions 
of the planet (Kamal et al., 2018). The species Ae. aegypti 
and Ae. albopictus are the most well-known species of this 
genus and are prominent in the transmission of viruses 
on all continents, many of which can cause diseases in 
humans. Ae. aegypti is the main vector of the viruses that 
cause dengue fever (DENV), Zika (ZIKV), chikungunya 
(CHIKV) and urban yellow fever (YFV). Ae. albopictus 
also has an important epidemiological role in arbovirus 
transmission, as it is considered a potential or secondary 
vector of arboviruses (Cecílio et al., 2009; Kotsakiozi et al., 
2017; Zanotto and Leite, 2018; Jones et al., 2020).

The genus Culex includes the major vector species of 
West Nile Virus (WNV) which causes West Nile Fever, one 
of which is Cx. quinquefasciatus. This species is important 
in Brazil, as it is the main vector of Wuchereria bancrofti, 
the etiological agent of lymphatic filariasis (Bhattacharya 
and Basu, 2016, Xavier et al., 2019). Furthermore, studies 
by Guedes  et  al. (2017) showed that the species Cx. 
quinquefasciatus, in addition to being a vector of WNV, 
may be involved in the transmission of ZIKV in Recife, 
northeastern Brazil.

Entomological surveillance in urban settings is 
an important tool for determining integrated control 
strategies. This tool is generally used for mosquitoes 
of the genus Aedes, but not for other species that are 
also important for arbovirus transmission. In addition, 
integrated vector control measures can contribute to the 
reduction of arbovirus circulation, since the primary form 
of managing the main urban arboviruses is vector control 
(Zara et al., 2016).

Thus, an entomological investigation was carried out 
in the city of Porto Velho, an urban area of the Brazilian 
Amazon, in the state of Rondônia, where the composition of 
fauna and the abundance of mosquitoes were assessed using 
two techniques. Our goal was to measure the abundance 
of immature and adult populations of Culicidae species 

combinação de técnicas, além de identificar quais espécies e qual fase de desenvolvimento são mais frequentes 
dentro e fora dos domicílios, permite também estabelecer a implementação de medidas de controle específicas 
e integradas.

Palavras-chave: Aedes, Culex quinquefasciatus, insetos vetores, ovitrampa, aspiração elétrica.
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techniques (FIOCRUZ, 2014). Despite being recommended 
for the acquisition of eggs, in the present study its use 
was aimed at obtaining larvae, and thus, the paddle was 
excluded, maintaining water and a hay infusion in the 
container (100 grams of grass in 20 liters of tap water). 
150 mL of hay infusion and 250 mL of running water were 
placed in each ovitrap, totaling a final volume of 400 mL 
(Chadee  et  al., 1993). Adult mosquitoes were captured 
with a Nasci aspirator (see Figure  2A), consisting of a 
PVC cylinder covered in aluminum, with a net attached 
to the inside of the cylinder, where the mosquitoes 
were captured (Large Electric Aspirator – Horst Traps). 
The aspirator has a propeller and a motor powered by 
a 12-volt battery. This apparatus is used to capture both 
inactive mosquitoes (resting or harbored in natural and 
artificial shelters) and active mosquitoes (which are in full 
flight). This aspiration technique can be used to collect 
diurnal or nocturnal mosquitoes either indoors, outdoors, 
or extradomiciliary areas (Nasci, 1981; Forattini, 2002). 
For transportation purposes, the net intended for the 
interior of the vacuum was replaced by a plastic container 
with a screen (see Figure 2B and 2C). The container was 
introduced into the nozzle of the aspirator (see Figure 2D), 
and after the capture session the container was capped 
with the aspirator still in operation (see Figure 2E), and 
the mosquitoes were trapped inside it.

The collected specimens were taken to Entomology 
Laboratory I at Fiocruz Rondônia. The immature specimens 
captured in the ovitrap remained in the insectary, with 
controlled temperature and humidity conditions, until they 

Figure 1. Map of the study area, Porto Velho city in Rondônia State, 
Brazil, demonstrating the location of each residence of collect 
(represented by a black circle).

Figure 2. Nasci Aspirator (A) and a plastic pot (B) with a screen (C) adapted for electric vacuuming. Open pot (D) and pot with a lid (E) 
in the nozzle of the aspirator.
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reached the winged phase of development. The ovitraps 
that did not contain larvae at the time of removal received 
TetraMin fish food to stimulate the hatching of eggs that 
might have been deposited in the water or on the wall of the 
container and were not visualized, these were kept in the 
laboratory for three days (Imam et al., 2014). All mosquitoes 
were killed at -20°C for taxonomic identification of the 
species, using the keys proposed by Consoli and Lourenço 
de Oliveira (1994) and the atlas prepared by Segura and 
Castro (2007).

2.4. Sample design

Mosquito collections were carried out in 27 households 
during the day, with 27 electrical aspirations indoors 
and 27 electrical aspirations outside the home, totaling 
54 electrical aspirations. Each aspiration lasted 15 minutes. 
Twenty-seven ovitraps were also installed indoors and 27 in 
outdoors (54 collections with ovitraps), which remained 
in the residence for 7 days. Two collection events were 
carried out (September and December), thus totaling 
108 collections by electrical aspiration and 108 collections 
by ovitrap, and each event was carried out over a period 
of two weeks: in the first week, ovitraps and electrical 
aspirations were performed. In the second week, the 
ovitraps were removed.

2.5. Data analysis

Comparison of species abundance between household 
habitats (indoor and outdoor), for the two sampling 
techniques (ovitrap and electrical aspiration) was 
performed using generalized linear models (GLM) with 
Poisson error distribution corrected for over- or under-
dispersion (correction for standard errors using a Quasi-
GLM model), and log-binding function, indicated for count 
values (Crawley, 2007). This error distribution adequacy was 
compared with other distributions using the hp package, 
with a visual diagnosis of the fit of the models, verifying 
whether or not the residuals were dispersed within the 
simulated envelopes (Moral et al., 2017). The packages 
sjPlot, sjmisc and sjlabelled were used to generate the model 
estimation results. The estimates were automatically 
transformed (exponential) and in addition to the average 
number of mosquitoes at the baseline level of the variable 
(indoor), an estimate of relative risk in percentage values 
was provided, which indicated greater or lesser risk than 
the other level of the variable (outdoor). Mosquito collection 
data were tabulated in Microsoft Excel and analyzed on 
the free platform R (R Core Team, 2022).

3. Results

A total of 2,342 mosquitoes were obtained, distributed 
among five species, of which Cx. quinquefasciatus, Ae. aegypti 
and Ae. albopictus were the most abundant. Of this total 
number, 1,202 were females and 1,140 males (as shown in 
Table 1). Sixty percent of the mosquitoes (n=1,412) were 
sampled indoors while 930 individuals were obtained 
outside households.

The species Cx. quinquefasciatus was the most abundant 
in both habitats, followed by the species Ae. aegypti, which 
showed little difference between indoors and outdoors. 
Ae. albopictus was the third most abundant and presented 
the highest number of mosquito individuals in the outdoor 
habitats (see Figure 3A).

The number of mosquitoes was slightly higher in 
captures by electrical aspiration compared to ovitrap 
sampling (56.66% x 43.34%). Cx. quinquefasciatus was the 
most abundant species when considering both techniques 
(aspiration and ovitrap). Ae. aegypti and Ae. albopictus 
mosquitoes were more numerous in ovitrap sampling. 
There was no capture of individuals from the species 
Limatus durhamii (Theobaldi, 1901) or Toxorhynchites 
haemorrhoidalis (Fabricius, 1787) using the electric 
aspiration technique, whereas they were captured in the 
ovitrap (see Figure 3B). Limatus durhamii were stored at 
-80°C for further studies. The specimens of the species 
Toxorhynchites haemorrhoidalis were assembled and 
deposited in the Entomological Collection of Fiocruz 
Rondônia (COLRO).

The estimates of the generalized linear model for the 
ovitrap devices, which take into account the sampling 
effort by household habitat, showed that the species 
Ae. aegypti, Ae. albopictus and Cx. quinquefasciatus were 
significantly more abundant in the outdoor habitat, with 
58%, 0.09% and 0.04% more mosquitoes when compared 
to the average number of mosquitoes captured inside the 
home, respectively (as shown in Table 2).

The GLM estimates for the electric aspiration technique 
also point to statistical differences between habitats, in 
relation to the average number of mosquitoes. The species 
Ae. aegypti and Cx. quinquefasciatus were more abundant 
indoors: there were 36% and 48% fewer mosquitoes 
outdoors in relation to the average number of mosquitoes 
sampled indoors, respectively. The average number of Ae. 
albopictus specimens showed no significant difference 
between the two habitats (as shown in Table 3).

4. Discussion

One of the limitations in controlling mosquito vectors, 
such as Ae. aegypti, is the scarcity of specific techniques and 
equipment for monitoring their adult forms. Thus, several 

Table 1. Number of mosquito individuals by species and sex, 
collected in September and December 2018 in nine neighborhoods 
of the city of Porto Velho, Rondônia, Brazilian Amazon.

Species Female Male Total

Aedes aegypti 218 169 387

Aedes albopictus 83 30 113

Culex quinquefasciatus 869 916 1,785

Limatus durhamii 30 21 51

Toxorhynchites 
haemorrhoidalis

2 4 6

Total 1,202 1,140 2,342
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alternative techniques have been used for entomological 
surveillance, such as electric aspirators, aimed at estimating 
the adult populations. However, the use of this apparatus, 

as well as the installation of ovitraps, is limited to the 
consent of the residents for collection inside their homes, 
as well as to the training and quantity of people needed 

Figure 3. Number of mosquitoes by species using two sampling techniques (A) collected indoors and outdoors (B) in nine neighborhoods 
from the city of Porto Velho, Rondônia, Brazilian Amazon.

Table 3. Relative risk estimates for the number of mosquitoes sampled indoors and outdoors, through electric aspiration in nine 
neighborhoods from the city Porto Velho, Rondônia, Brazilian Amazon.

Species Habitat
Relative risk

Estimate IC p*

Ae. aegypti Indoor 3.62 2.61-4.87 <0.001

Outdoors 0.36 0.15-0.75 0.014

Ae. albopictus Indoor 1.00 1.00-1.00 0.553

Outdoors 1.00 1.00-1.00 1.000

Cx. quinquefasciatus Indoor 9.05 7.34-11.01 <0.001

Outdoors 0.48 0.31-0.74 0.001

IC: confidence interval. *Bolded p-values indicate significant differences between predictor levels.

Table 2. Relative risk estimates for the number of mosquitoes sampled indoors and outdoors, through ovitraps in nine neighborhoods 
from the city of Porto Velho, Rondônia, Brazilian Amazon.

Species Habitat
Relative risk

Estimates IC p*

Ae. aegypti Indoor 3.30 1.72-5.63 <0.001

Outdoors 1.58 0.81-3.31 0.202

Ae. albopictus Indoor 3.67 1.56-7.13 0.002

Outdoors 1.09 0.46-2.87 0.851

Cx. quinquefasciatus Indoor 13.53 8.78-19.74 <0.001

Outdoors 1.04 0.61-1.77 0.899

IC: confidence interval. *Bolded p-values indicate significant differences between predictor levels.
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to perform the techniques properly in order to have a 
reliable sampling that is truly representative of mosquito 
populations at a site. The ovitrap is a method that differs 
from electric aspiration because it is more economical and 
because it is passive, that is, it does not require a technical 
operator (Barrera, 2016).

Entomological indicators have been proposed for 
monitoring vector mosquitoes that may vary depending 
on the mosquito’s stage in its life cycle, available sites 
for larval development and collection methods (Gomes, 
1998). Ovitraps and electric aspiration generate a variety 
of indicators, such as larval/egg indices and the number of 
adult mosquitoes per household, respectively. In addition, 
the use of georeferenced technological systems associated 
with ovitraps has been proven efficient for monitoring 
the presence and density of Culicidae. These systems and 
indicators can guide vector control procedures. However, 
the abundance of mosquitoes may not sufficiently 
demonstrate the risk of infection in humans due to the 
complexity of the transmission chain that may involve 
several variables, such as susceptibility to human and 
vector infection (Regis et al., 2013; Cromwell et al., 2017).

Despite the ovitrap being a technique considered 
specific for the surveillance of mosquitoes of the genus 
Aedes, our study demonstrated that this device is able 
to monitor larvae of Cx. quinquefasciatus, a species often 
found to be naturally infected with WNV, ZIKV and the 
Mayaro virus (Bhattacharya and Basu, 2016; Serra et al., 
2016; Guedes et al., 2017). In addition, we demonstrate 
that this technique can also be used for surveillance based 
on the eggs/larvae of sylvatic species that may breed in 
urban areas. Thus, despite the need for a combination of 
techniques (ovitrap and electric aspiration) for a better 
sampling of Culicidae and for vector control, the ovitrap 
has proven to be an important technique for the larval 
monitoring of species, especially when there are budget 
constraints (FIOCRUZ, 2014).

The mosquito with the highest abundance was observed 
to be Cx. quinquefasciatus, followed by the species Ae. 
aegypti and Ae. albopictus, constituting one of the main 
results analyzed and expected from this study, due to 
the fact that the first two species are domiciled, a very 
endophilic and highly anthropophilic behavior (Consoli 
and Lourenço de Oliveira, 1994; Wilke et al., 2019).

In the last Rapid Survey of the Aedes aegypti Infestation 
Index (LIRAa) carried out in October and November 2021, 
the municipality of Porto Velho was classified in an alert 
situation for mosquito infestation, with garbage (plastic 
containers and cans), scraps, debris and water storage 
deposits in low places being the predominant breeding 
sites (AGEVISA, 2021). As in Porto Velho, solid waste 
without proper disposal has been recognized worldwide 
as facilitating the transmission of diseases in urban areas, 
not only since it provides a favorable habitat for immature 
Aedes, but also because solid waste is directly or indirectly 
associated with the incidence of other diseases vectors, 
such as triatomines and sandflies, as well as urban zoonoses 
(Krystosik et al., 2020).

The hegemony of adults of the species Cx. quinquefasciatus 
and Ae. aegypti has been recorded in several Brazilian 
municipalities, with captures carried out with an electric 

aspirator, resting box and hand-held net (Barata  et  al., 
2007; Serra et al., 2016). Despite the fact that the species 
Ae. albopictus is increasingly common in urban areas of 
Brazilian states, occupying mainly artificial breeding sites 
from human activity, in addition to natural breeding sites 
(Carvalho  et  al., 2014), the fortuitous incidence of this 
species in the urban area of Porto Velho can be explained 
by its behavior and habit, since it has a preference for 
places with greater vegetation cover (exophilic) (Lima-
Camara et al., 2006), as can also be observed in another 
Amazonian capital city, Manaus (Ríos-Velásquez  et  al., 
2007). As opposed to the synanthropic Cx. quinquefasciatus 
and Ae. aegypti, periurban forested sites have been 
demonstrated as preferred habitat for some species 
(Forattini, 1986), and this seems to explain the low 
incidence of Ae. albopictus in most of the capture sites in 
Porto Velho, which were located in neighborhood with 
little and/or no vegetation.

Our findings corroborate the data obtained in 
southeastern Brazil, where adults of the species Cx. 
quinquefasciatus and Ae. aegypti were prevalent within 
households (Barata  et  al., 2007). However, there is no 
consensus regarding the preference of adults of these 
species for any of these habitats. Cx. quinquefasciatus adults 
were predominant in outdoors in the southern region of 
the country (Ramos et al., 2019).

In our study, there was little difference between 
indoors and outdoors regarding the abundance of Ae. 
aegypti, a result also observed in captures using human 
attractants (Gomes et al., 2005). On the other hand, Ae. 
albopictus females were more abundant in the collections 
performed by outdoor electrical aspiration, compared to 
the indoor habitats, a fact also verified with the captures 
using human attractants performed by Gomes  et  al. 
(2005). In addition, the sexual ratio of Ae. aegypti in an 
area of endemic dengue fever transmission seems to be 
concordant in both indoor and outdoor habitats. Males 
and females were more abundant indoors, accounting for 
82.4% and 87.3%, respectively, through collections with 
Nasci aspirators (Barata et al., 2001).

Cx. quinquefasciatus was the most abundant species 
captured through electrical aspiration; however, Ae. aegypti 
and Ae. albopictus represented the highest number of 
specimens in the ovitrap. It is concluded that integrating 
techniques in different environments and habitats is 
necessary for vector monitoring, allowing researchers to 
obtain a greater number of individuals and to characterize 
some aspects of the biology of Culicidae, in addition to 
the target species. In this sense, the ovitrap proved to be 
useful in detecting the presence of typically wild species, 
even if at a low frequency, and their sporadic incidence 
in households in urban areas; in addition, our study 
confirms the potential for oviposition of these species 
indoors. Limatus durhamii mosquitoes, a wild species, were 
obtained in a single neighborhood (Triângulo), which is 
the most distant of the 9 neighborhoods from the urban 
area, located in the most peripheral portion of the city 
(with greater vegetation cover), close to the Madeira River. 
Toxorhynchites haemorrhoidalis, another wild species, 
though not hematophagous, was also found less frequently. 
Some studies have also demonstrated the presence of 
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species Li. durhamii and Toxorhynchites sp. in urban areas, 
associated with artificial breeding sites (Lopes et al., 1993; 
Calderón-Arguedas et al., 2009; Montagner et al., 2018). 
The recent finding of Zika virus in Li. durhamii in a wild 
area of Brazil (Barrio-Nuevo et al., 2020) reinforces the need 
for more research and surveillance actions for this species.

All species were sampled using ovitraps in both 
habitats. However, more specimens of each species were 
obtained in the outdoors, suggesting that there was a 
preference for laying eggs in external areas adjacent to the 
households. This behavior may also suggest that females 
enter households to feed and rest and leave to lay their 
eggs in the outdoor habitats, where more eggs were found 
in the ovitraps (Dibo et al., 2005).

The preference for laying eggs in outdoors may be due 
to the greater quantity and variety of natural reservoirs 
(bamboo internodes, tree holes, bromeliads) and/or artificial 
resources (tires, cans, glass, bottle shards, dishes) existing 
outside the households that can serve as oviposition sites 
(Consoli and Lourenço de Oliveira, 1994).

Despite the sample coverage being satisfactory on a 
spatial scale, involving nine neighborhoods in the urban 
area of an Amazonian city, the collection period (two 
months) was a limiting aspect of this study, as it restricts 
the conclusions regarding the list of species in both 
outdoor and indoor habitats, since the results may be 
subject to seasonal influences (Calderón-Arguedas et al., 
2009; Codeço et al., 2015; Rodrigues et al., 2015). Despite 
this, our study corroborates data on the abundance and 
incidence of the species Cx. quinquefasciatus, Ae. aegypti and 
Ae. albopictus in an urban area (Serra et al., 2016). Due to 
their importance in the transmission of diseases to humans, 
these species should be monitored more frequently, since, 
in general, there are few studies addressing the Culicidae 
fauna in urban cores in the Brazilian Amazon (Ríos-
Velásquez et al., 2007; Saraiva et al., 2020). Furthermore, 
the use of a strategy for the combination of techniques 
makes it possible to identify which species and which 
stage of development are most frequent inside and outside 
households and establishes the implementation of specific 
(immature/adult) and integrated (species) vector control 
measures.
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