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Abstract

This study registers the diversity of Culicidae in the Bom Retiro Private Natural Heritage Reserve (RPPNBR), Rio 
de Janeiro state, Brazil, based on the collection of the immature stages in natural and artificial larval habitats. 
Larvae and pupae were collected monthly at two sites of the RPPNBR from May 2014 to July 2015 using dip-
pers and aquatic pipettes. The diversity of the mosquito community was described using the Shannon–Wiener 
Diversity Index (H′), as well as diversity, richness, and dominance of species found in different larval habitats 
(lake, bamboos, bromeliads, and artificial vessels). The Mann–Whitney test was used to calculate differences 
between the two natural and artificial habitats. Overall, 15,659 specimens belonging to 25 species, ten genera, 
and two subfamilies were collected. The most abundant species collected at sites that were reforested recently 
were Culex pleuristriatus Theobald, 1903, Limatus durhamii (Theobald, 1901), Aedes albopictus (Skuse, 1895), 
Culex neglectus (Lutz, 1904), and Culex retrosus (Lane & Whitman, 1951). In a forest preserved site, the most 
abundant species were Cx. neglectus, Culex iridescens (Lutz, 1905), Sabethes identicus (Dyar & Knab, 1907), 
Wyeomyia arthrostigma (Lutz, 1905), and Li. durhamii. With respect to larval habitats, 0.1% of the specimens 
were collected along the edge of a lake, 5.5% in bamboos, 35.9% in bromeliads, and 58.4% in artificial con-
tainers. Only 5.5% of the specimens were collected in the forest preserved site, with the remaining samples 
from the site with altered vegetation. A greater species richness and diversity were found in forest-altered sites 
compared to the forest preserved site. Several species were collected in the water accumulated in the nylon 
lids of plastic water tanks. Such vessels can promote an increase in mosquito population density in the envi-
ronment surrounding the study area.
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Mosquitoes are the most important and well-studied group of 
blood-sucking insects in Brazil (Consoli and Lourenço-de-Oliveira 
1994). Studies on the ecology of mosquitoes provide critical epi-
demiological insights since they are potential vectors of important 
pathogens, such as dengue, yellow fever, zika, and chikungunya 
viruses; Plasmodium causing malaria; and worm that causes lym-
phatic filariasis. Therefore, ecological investigations can facilitate the 
identification, monitoring, and control of mosquitoes in scenarios 
of human-driven environmental changes that may result in the 

emergence of vector-borne diseases epidemics (Guimarães et  al. 
2000b).

The Atlantic Forest tropical rain forest biome suffered an in-
tense exploitation process with reduction and degradation of its 
natural forest cover for many years, and in recent decades, some 
reserve areas have been in the process of reforestation. In the past, 
the Bom Retiro Private Natural Heritage Reserve (RPPNBR) area 
was deforested for timber as well as coffee and banana plantation, 
and its legal conservation has started in 1984 (MMA 2014). Studies 
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on the distribution and abundance of mosquitoes in remnants of 
the Atlantic Forest in Brazil can help the understanding of the eco-
epidemiology of mosquito-borne diseases. The Atlantic Forest biome 
has a highly diverse flora and fauna, which represents many avail-
able niches for mosquitoes. In turn, these mosquitoes can serve as 
bridge vectors of parasites and pathogens (Alencar et al. 2011).

Demographic changes in Brazil, especially those related to rural–
urban migration, can alter the dynamics of some vector-borne dis-
eases, with a reduction of rural endemic diseases and an aggravation 
of those affecting urban communities, challenging the public health 
programs (Medeiros-Sousa et al. 2013). Mosquito communities are 
affected by changes in their environment and microclimate caused 
by deforestation and changes in land use (Almeida et al. 2020). The 
capacity of some Culicidae species to adapt to the anthropic environ-
ment is one of the reasons for the evolutionary success of the group, 
which has allowed these insect vectors to live in a great diversity of 
environments. The mosquito-borne pathogens can undergo a variety 
of adaptations associated with changes in the communities caused 
by changes in land use (Guedes 2012).

Mosquitoes can use a wide variety of larval habitats with dif-
ferent dimensions and water volumes. Certain species show a consid-
erable capacity for adaptation to a variety of larval sites and can live 
in different habitats. Meanwhile, other species are more restricted in 
their choice of habitats (Lozovei 2001). Anthropogenic changes in  
remaining forest areas can create conditions for the maintenance and 
even introduction of new mosquito species in these locations. The 
use of artificial breeding sites by some Culicidae species may indi-
cate a change of habit or opportunism and shows the capacity of the 
species to colonize anthropogenic environments (Lopes 1997). Thus, 

assessing the diversity of mosquito species found in artificial habitats 
provides a picture of which species are adapted to that type of envi-
ronment or are merely opportunistic (Almeida et al. 2020).

Recent studies on Culicidae immature communities in areas of 
Atlantic Forest remnants in Rio de Janeiro have significantly contrib-
uted to the knowledge of the immature fauna in these areas. Correa 
et al. (2014), Alencar et al. (2016), and Aguiar et al. (2020) have re-
ported important data on vectors and potential vectors of pathogens, 
as well as information on the local fauna, biology, and behavior of 
mosquitoes in these areas. Therefore, continuing our investigations, 
we carried out studies focusing on aspects of mosquito ecology and 
the potential of some species as vectors of pathogens to humans and/
or other animals in areas of the Atlantic Forest (Alencar et al. 2015, 
2021).

Bioecological information about mosquito vectors helps to de-
tect changes in the disease transmission dynamics (Jesus 2015). The 
present study aims to identify and analyze the composition of the 
immature mosquito population in the RPPNBR, a natural forest re-
serve located in Rio de Janeiro state, Brazil, using the abundance and 
diversity metrics.

Material and Methods

Study Area and Mosquito Sampling
The RPPNBR is in the municipality of Casemiro de Abreu, in the 
São João River basin, 140 km from the city of Rio de Janeiro, Rio 
de Janeiro state, eastern Brazil. The reserve has an area of approxi-
mately 556 ha, with most of the vegetation classified as Submontane 
Dense Ombrophilous Forest in an Advanced Stage of Succession 

Fig 1.  Sampling locations in the Bom Retiro Private Natural Heritage Reserve (RPPNBR), Casimiro de Abreu, Rio de Janeiro state, Brazil. 1) Altered vegetation 
2) Preserved vegetation.
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(MMA 2014). This region has intense solar radiation and is strongly 
influenced by the Atlantic Ocean, with a predominantly humid trop-
ical/intertropical climate zone (Schobbenhaus 1995).

Two locations were sampled in the area of RPPNBR. One loca-
tion (22° 27′ 15.4″ S 42° 18′ 02.4″ W) is approximately 500 m from 
the reserve headquarters. It has altered vegetation, with recent re-
forestation, small seedlings, a few larger trees, and an artificial lake. 
Nearby this location, there is a stream and areas with bromeliads. 
The preserved location (22° 27′ 14.1″ S 42° 17′ 34.9″ W) is inside 
the forest, where the vegetation is better preserved, dense, and com-
posed of tall trees (Fig. 1). There is a stream crossing part of the 
area, with a more humid microclimate than the area with altered 
vegetation.

The field collections were performed from May 2014 to July 
2015, except for January 2015, when the heavy rainfall hampered 
sampling. Fourteen samples were carried out. Collections were car-
ried out for two days monthly, and the mosquitoes' larvae and pupae 
were collected in the areas where vegetation was altered and in a 
second area where the forest is preserved in the RPPNBR. The pres-
ence of the immatures of mosquitoes was investigated in all potential 
larval habitats, both natural (lake, bamboos, and bromeliads) and 
artificial (plastic containers) in each location.

The lake has an area of ~208.27 m2, the total perimeter is 57.7 
m, and it was possible to collect around the whole margin. Nine 
sampling collections were carried out. The collectors made three 
samplings to the right, three ahead, and three to the left, respecting 
a radius of 1 m. The total number of immature mosquitoes was reg-
istered, and they were separated by stages.

About 80% of all plants (bamboos and bromeliads) found 
during the sampling were investigated. The radius of sampling sites 
was according to the diversity of larval habitats found: in the altered 
vegetation site, the radius of investigation was 340 m, whereas, in 
the preserved site, it was approximately 23.50 m.

Sampling was performed with dippers, suction samplers, and 
an entomological dipper, with a 100 cm handle and the collection 
pan with 11 cm diameter, and an approximate volume of 850 ml. 
Water was poured into polyethylene trays; larvae and pupae found 
were quantified and removed with a pipette and placed in 250-ml 
plastic bags (Whirl-Pak Bags®). For transport, each bag was labeled 
with the location, date, and habitat type. In the laboratory, imma-
ture Culicidae species were screened and transferred to small bowls, 
with approximately 50 larvae each. Immatures were kept alive in 
water from the collection sites, and each bowl was periodically sup-
plemented with distilled water to allow the larvae and pupae to 
complete their development to adulthood. Larval exuviae, pupal 
skins, and whole fourth-instar larvae that did not complete their de-
velopment were fixed in 70% ethanol, mounted on a microscope 
slide with Canada balsam, and covered with coverslip for species 
identification.

Species identification was performed by direct observation of the 
morphological characters in a stereomicroscope (ZEISS Stemi SV6), 
using the morphological identification keys of Lane (1953), Consoli 
and Lourenço-de-Oliveira (1994), and Forattini (2002). Specimens 
were deposited in the Entomological Collection of the Oswaldo 
Cruz Institute, Rio de Janeiro, Brazil, under the title ‘Atlantic Forest 
Collection’.

Data Analyses
Abundance and diversity of species were analyzed separately for 
each sampling site. The Shannon–Wiener Diversity Index (H′) was 
used to calculate the species diversity in different types of habitats 
(lake, bamboo culms, bromeliads, and artificial vessels). This index 

shows the importance of each species with respect to how frequently 
they were collected or detected. For species richness (S), we used the 
number of species identified. We calculated the Simpson Index (D) 
to assess the distribution of individuals across species. Rarefaction 
curves were also obtained as a function of the frequency of individ-
uals captured. The standardized index of species abundance (SISA) 
was used to determine the most abundant species (Roberts and Hsi 
1979). We also applied the Kruskal–Wallis test to assess whether the 
differences between mosquito populations in the different habitats 
were significant. The Mann–Whitney test was conducted to verify 
significant differences between the two sampling sites. All statistical 
analyses were carried out using IBM® SPSS® Statistics 23 (IBM 
2015), BioEstat 5.3 (Ayres 2007), and Past Version 3.16 (Hammer 
et al. 2001).

Results

During the 14 collections, 15,659 specimens were found, 25 species 
were identified, included in ten genera and two subfamilies (Table 1). 
Thirteen bamboo plants and 23 bromeliads were investigated. The 
artificial containers contributed with 58.45% of specimens, brome-
liads with 35.90%, bamboos with 5.55%, and the lake with 0.10% 
(Table 1). The collections in the locations with altered vegetation 
found the highest number of species (23 species) compared to the 
forest preserved location (10 species) (Table 3).

The most abundant species at altered vegetation site were 
Culex pleuristriatus Theobald, 1903 (SISA  =  0.857); Aedes 
albopictus (Skuse, 1895)  (SISA  =  0.647); Limatus durhamii 
Theobald, 1901 (SISA = 0.476); Culex retrosus Lane & Whitman, 
1951 (SISA = 0.262), and Culex neglectus (SISA = 0.250). At pre-
served site, the most abundant were Culex neglectus Theobald, 
1907 (SISA  =  0.786); Sabethes identicus Dyar & Knab, 1907 
(SISA = 0.448); Wyeomyia arthrostigma (Lutz, 1905) (SISA = 0.435); 
Culex iridescens (Lutz 1905)  (SISA  =  0.305), and Li. durhamii 
Theobald, 1901 (SISA = 0.208).

The natural bamboo habitats had the greatest diversity index 
(H′ = 1.64; D = 0.24) and evenness (J = 0.71) values, which were sig-
nificantly larger (P < 0.05) than the values found in the lake (Table 2).  
Ten species, or 40.0% of the total number of species collected at 
RPPNBR, were found in bamboos (Table 2). However, this larval 
habitat was the second-lowest in abundance (869).

Artificial containers had the second-highest values of diversity 
(H′ = 1.62; D = 0.25) and evenness (J = 0.59). Species richness was 
also high in this type of larval habitat, with 16 taxa or 64.0% of 
all species collected and the highest density of individuals (9,073). 
These results were significantly higher (P  <  0.0001) than those 
found for the lake. The diversity index was the lowest in the bro-
meliads (H′ = 0.63; D = 0.77), where species evenness was also low 
(J  =  0.23). However, species richness was high in the bromeliads, 
with 15 species or 60.0% of all species found. Bromeliads also had a 
high number of individuals collected (5,521); the difference between 
these values and those of the lake site was significant (P < 0.0001) 
(Table 2). The lake had a low diversity index (H′ = 0.74; D = 0.59) 
and the smallest number of species (n = 3), representing only 12.0% 
of the collected species. This habitat had the lowest number of speci-
mens, with only 16 individuals or 0.1% of all mosquitoes collected 
(Fig. 2; Table 2).

Only 5.55% of the collected specimens were found in areas 
where the forest is preserved, whereas 94.45% were collected in 
areas with altered vegetation. This difference may be due to the 
landscape characteristics of each sampling site (Table 3). While the 
preserved location is a remnant of native forest, with a diverse set 
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Table 1.  Mosquito species found in each type of breeding site, absolute values, and percentages, in the Bom Retiro Private Natural 
Heritage Reserve (RPPNBR), Casimiro de Abreu, Rio de Janeiro state, Brazil, from May 2014 to July 2015

Species Lake Bamboo Bromeliad Artificial breedinga Total

N % N % N % N % N %

Ae. (Och.) 
rhyacophilus Costa 
Lima, 1933

0 0.00% 0 0.00% 13 0.20% 44 0.50% 57 0.40%

Ae. (Stg.) albopictus 
(Skuse,1895)

2 12.50% 17 2.00% 169 3.00% 1,148 12.50% 1,336 8.50%

Ae. (Grg.) fluviatilis 
(Lutz,1904)

0 0.00% 0 0.00% 6 0.10% 0 0.00% 6 0.00%

An. (Ano.) 
tibiamaculatus 
(Neiva, 1906)

0 0.00% 0 0.00% 0 0.00% 133 1.50% 133 0.80%

Cq. (Rhy.) 
venezuelensis Theo-
bald, 1912

0 0.00% 0 0.00% 0 0.00% 2 0.00% 2 0.00%

Cx. (Car.) iridescens 
(Lutz, 1905)

0 0.00% 126 14.50% 4 0.10% 68 0.70% 198 1.30%

Cx. (Cux.) mollis Dyar 
& Knab, 1906

0 0.00% 0 0.00% 0 0.00% 12 0.10% 12 0.10%

Cx. (Cux.) 
quinquefasciatus 
Say, 1823

0 0.00% 0 0.00% 36 0.60% 16 0.20% 52 0.30%

Cx. (Cux.) sp. 0 0.00% 0 0.00% 63 1.10% 6 0.10% 69 0.40%
Cx. (Mel.) bastagarius 

Dyar & Knab, 1906
12 75.00% 0 0.00% 0 0.00% 0 0.00% 12 0.10%

Cx. (Mcx.) retrosus 
Lane & Whitman, 
1951

0 0.00% 0 0.00% 208 3.70% 0 0.00% 208 1.30%

Cx. (Mcx.) neglectus 
Theobald, 1907

0 0.00% 303 34.90% 39 0.70% 327 3.60% 669 4.30%

Cx. (Mcx.) 
pleuristriatus Theo-
bald, 1903

2 12.50% 4 0.50% 4,835 86.00% 3,429 37.50% 8,270 52.80%

Cx. (Mcx.) sp. 0 0.00% 0 0.00% 10 0.20% 0 0.00% 10 0.10%
Cx. (Pho.) corniger 

Theobald, 1903
0 0.00% 0 0.00% 13 0.20% 0 0.00% 13 0.10%

Cx. grupo coronator 
Dyar & Knab, 1906

0 0.00% 0 0.00% 19 0.30% 0 0.00% 19 0.10%

Cx. (Lut.) bigoti 
(Bellardi, 1862)

0 0.00% 0 0.00% 0 0.00% 3 0.00% 3 0.00%

Li. durhamii Theobald, 
1901

0 0.00% 20 2.30% 61 1.10% 2,114 23.10% 2,195 14.00%

Li. flavisetosus 
Oliveira Castro, 
1935

0 0.00% 0 0.00% 0 0.00% 155 1.70% 155 1.00%

Li. paraensis (Theo-
bald, 1903)

0 0.00% 0 0.00% 0 0.00% 3 0.00% 3 0.00%

Ps. (Gra.) cingulata 
(Frabricius, 1805)

0 0.00% 0 0.00% 0 0.00% 1,609 17.60% 1,609 10.30%

Sa. (Pey.) identicus 
Dyar & Knab, 1907

0 0.00% 201 23.10% 0 0.00% 0 0.00% 201 1.30%

Tx. (Lyn.) bambusicola 
(Lutz & Neiva, 
1913)

0 0.00% 3 0.30% 19 0.30% 0 0.00% 22 0.10%

Tx. purpureus (Theo-
bald, 1901)

0 0.00% 11 1.30% 13 0.20% 3 0.00% 27 0.20%

Tx. sp. 0 0.00% 12 1.40% 21 0.40% 19 0.20% 52 0.30%
Tr. cf. digitatum 

(Rondani, 1848)
0 0.00% 16 1.80% 0 0.00% 0 0.00% 16 0.10%

Wy. (Pho.) edwardsi 
(Lane & Cerqueira, 
1942)

0 0.00% 0 0.00% 51 0.90% 0 0.00% 51 0.30%
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Species Lake Bamboo Bromeliad Artificial breedinga Total

N % N % N % N % N %

Wy. (Wyo.) 
arthrostigma (Lutz, 
1905)

0 0.00% 141 16.20% 35 0.60% 7 0.10% 183 1.20%

Wyeomyia (Wyo.) sp. 0 0.00% 15 1.70% 7 0.10% 54 0.60% 76 0.50%
TOTAL 16 100.00% 869 100.00% 5,622 100.00% 9,152 100.00% 1,5659 100.00%

 0.10%  5.55%  35.90%  58.45%  100.00%

aArtificial container: nylon lid of plastic water tank.

of forest formations, altered vegetation location has been subjected 
to recent reforestation, with few natural larval habitats available. 
On the other hand, it has greater availability of artificial vessels and 
therefore showed a higher abundance of specimens collected.

Rarefaction curves are graphs that show the number of species as 
a function of the number of samples. When the curve flattens to the 
right, it means that a reasonable number of sample specimens have 
been collected. The rarefaction curves obtained for altered vegeta-
tion and preserved sites indicated stability of the number of species 
in each locality. At altered vegetation site, the curve tends to stabi-
lize around 22 species, while at the preserved site, this stability was 
reached with ten species (Fig. 3).

The Mann–Whitney test indicated a significant difference be-
tween the mosquito populations found in locations with altered veg-
etation and preserved (P < 0.05). The former location had a greater 
species richness (S = 23) but lower diversity index (H′ = 1.48) than 
the latter location (S = 10; H′ = 1.64) (Table 3). The t-test showed 
that the H′ index significantly differed between the sampling loca-
tions (t = 5.135 and P = 0.000).

Discussion

The Atlantic Forest is the second-largest tropical rainforest in the 
Americas and is considered a global biodiversity hotspot (Marris 
2010, INPE 2020). Culicidae species, in general, can use a variety 
of habitats with different sizes and water volumes for their devel-
opment during the aquatic stage. Some species can be found in a 
wide range of habitats, while others are restricted (Service 1976). 
Environmental changes can mediate physiological adaptations, 
with a selection of eutrophic environments occurring during the 
developmental stages of a species (Alencar et  al. 2013). Although 
research on ecological aspects of Culicidae fauna has been carried 

out throughout Brazil, mainly in the Rio de Janeiro state, studies 
have focused on detecting vectors of pathogens of human diseases in 
the urban environment (Alencar et al. 2011). These studies facilitate 
the identification, monitoring, and control of mosquitoes to environ-
mental changes caused by direct human action, which may result in 
major epidemics (Guimarães et al. 2000a).

Culex pleuristriatus was the most abundant species in the arti-
ficial and natural containers in both sampling locations. Specimens 
were collected in nylon lids with accumulated water, used to protect 
plastic water tanks, and in the bromeliad phytotelmata that was the 
main natural habitat of the species in the RPPNBR region. Lourenço-
de-Oliveira et  al. (1986) and Consoli and Lourenço-de-Oliveira 
(1994) reported that Culex (Microculex) spp. were restricted to 
natural habitats, mainly bromeliads, and Müller and Marcondes 
(2006) indicated the predominance of Culex (Microculex) spp. in all 
the bromeliad species investigated in forest preserved area in Santa 
Catarina. Furthermore, Alencar et al. (2016) recorded the presence 
of Cx. pleuristriatus in greater numbers in bromeliads, ground de-
pressions, Heliconia plants, bamboos, and fallen leaves, contrasting 
with 41.5% of Cx. pleuristriatus specimens were found in artificial 
containers in this study. Despite Cx. pleuristriatus being commonly 
found in natural containers in undisturbed environments, the spe-
cies can occur in bromeliads in urban and peri-urban environments 
(Marques and Forattini 2008).

In the region studied, Cx. iridescens was collected in bamboos. 
Similarly, Valencia (1973) registered Cx. iridescens in cut or broken 
bamboo and tree holes. Forattini (1965) reported the occurrence of 
Cx. iridescens in bromeliads, flower bracts, fallen leaves, artificial 
containers, and puddles. The species was found in artificial con-
tainers (Lopes and Lozovei 1995) and in urban areas (Lopes et al. 
1995). Distinctly, Culex (Culex) mollis Dyar & Knab, 1906 was 
found only in artificial containers, such as nylon lids covering plastic 
water tanks.

The maintenance and preservation of biodiversity in natural en-
vironments are of paramount epidemiological importance, given 
that zoonosis spillovers have increased over the last 50 years, mainly 
due to the environmental impact of agriculture and excessive land 
exploitation, with deforestation and habitat alteration (Berger 
2020). Mosquito populations can be affected by the changes in the 
natural environment, thus participating in the zoonosis spillovers of 
mosquito-borne diseases. It is well known that changes in the distri-
bution of environmental factors can decrease mosquito populations 
or benefit them by increasing the abundance of some species in the 
absence of limiting factors (Medeiros-Sousa et al. 2013).

Sabethes spp. develop in phytotelmata, such as bracts, leaf 
axils, bamboos, and tree hollows. Among the species of Sabethes 
recorded in the RPPNBR, Sa. identicus was found exclusively in 
pierced bamboos. Meanwhile, other Sabethini mosquitoes like Li. 

Table 2.  Species diversity index per breeding site, Pielou's 
evenness, and the number of Culicidae species found per 
breeding site in Bom Retiro Private Natural Heritage Reserve 
(RPPNBR), Casimiro de Abreu, Rio de Janeiro state, Brazil, from 
May 2014 to July 2015

Breeding N S H′ D J

Lake 16 3 0.74 0.59 0.67
Bamboo 842 10 1.64 0.24 0.71
Bromeliad 5,521 15 0.63 0.77 0.23
Artificial breedinga 9,073 16 1.62 0.25 0.59

aArtificial container: nylon lid of plastic water tank.
N = number of individuals; S = Species; H′ = Shannon–Wiener Diversity 

Index (H'); D = Simpson's Dominance Index; J = Pielou's evenness.

Table 1.  Continued
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durhamii and Li. flavisetosus Oliveira Castro, 1935 were abundant 
in artificial vessels, i.e., the nylon lid of plastic covering water tanks. 
Guimarães et al. (1985) observed that Li. durhamii is likely capable 

of establishing and dispersing in the urban environment, with a high 
potential for breeding in artificial habitats found in domestic and 
peridomestic environments. Even though the sampling of the present 

Table 3.  Mosquito species found per capture site, absolute values and percentages, in the Bom Retiro Private Natural Heritage Reserve 
(RPPNBR), Casimiro de Abreu, Rio de Janeiro state, Brazil, from May 2014 to July 2015

Species Altered vegetation site Preserved site Total

N % N % N %

Ae. (Och.) rhyacophilus Costa Lima, 1933 57 0.39% 0 0.00% 57 0.36%
Ae. (Stg.) albopictus (Skuse,1895) 1,319 8.92% 17 1.96% 1,336 8.53%
Ae. (Grg.) fluviatilis (Lutz,1904) 6 0.04% 0 0.00% 6 0.04%
An. (Ano.) tibiamaculatus (Neiva, 1906) 133 0.90% 0 0.00% 133 0.85%
Cq. (Rhy.) venezuelensis Theobald, 1912 2 0.01% 0 0.00% 2 0.01%
Cx. (Car.) iridescens (Lutz, 1905) 72 0.49% 126 14.50% 198 1.26%
Cx. (Cux.) mollis Dyar & Knab, 1906 12 0.08% 0 0.00% 12 0.08%
Cx. (Cux.) quinquefasciatus Say, 1823 52 0.35% 0 0.00% 52 0.33%
Cx. (Cux.) spp. 69 0.47% 0 0.00% 69 0.44%
Cx. (Mel.) bastagarius Dyar & Knab, 1906 12 0.08% 0 0.00% 12 0.08%
Cx. (Mcx.) retrosus Lane & Whitman, 1951 208 1.41% 0 0.00% 208 1.33%
Cx. (Mcx.) neglectus Theobald, 1907 366 2.47% 303 34.87% 669 4.27%
Cx. (Mcx.) pleuristriatus Theobald. 1903 8,266 55.89% 4 0.46% 8,270 52.81%
Cx. (Mcx.) sp. 10 0.07% 0 0.00% 10 0.06%
Cx. (Pho.) corniger Theobald, 1903 13 0.09% 0 0.00% 13 0.08%
Cx. grupo coronator Dyar & Knab, 1906 19 0.13% 0 0.00% 19 0.12%
Cx. (Lut.) bigoti (Bellardi, 1862) 3 0.02% 0 0.00% 3 0.02%
Li. durhamii Theobald, 1901 2,175 14.71% 20 2.30% 2,195 14.02%
Li. flavisetosus Oliveira Castro, 1935 155 1.05% 0 0.00% 155 0.99%
Li. paraensis (Theobald, 1903) 3 0.02% 0 0.00% 3 0.02%
Ps. (Gra.) cingulata (Frabricius. 1805) 1,609 10.88% 0 0.00% 1,609 10.28%
Sa. (Pey.) identicus Dyar & Knab, 1907 0 0.00% 201 23.13% 201 1.28%
Tx. (Lyn.) bambusicola (Lutz & Neiva, 1913) 19 0.13% 3 0.35% 22 0.14%
Tx. purpureus (Theobald, 1901) 16 0.11% 11 1.27% 27 0.17%
Tx. spp. 40 0.27% 12 1.38% 52 0.33%
Tr. cf. digitatum (Rondani, 1848) 0 0.00% 16 1.84% 16 0.10%
Wy. (Pho.) edwardsi (Lane & Cerqueira, 1942) 51 0.34% 0 0.00% 51 0.33%
Wy. (Wyo.) arthrostigma (Lutz, 1905) 42 0.28% 141 16.23% 183 1.17%
Wy. (Wyo.) spp. 61 0.41% 15 1.73% 76 0.49%
TOTALc 14,790 100.00%  869 100.00%  15,659 100.00%

94.45% 5.55% 100.00%
Diversidade (H′) 1.48   1.64      
Riqueza (S) 23   10      

Fig 2.  Species richness per sampling site (bamboos, bromeliads, and artificial vessels) in the Bom Retiro Private Natural Heritage Reserve (RPPNBR), Casimiro 
de Abreu, Rio de Janeiro state, Brazil.
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study was carried out in a remnant of the Atlantic Forest, considered 
an area of environmental preservation, the species seems to be ca-
pable of colonizing artificial habitats in the region studied. Rezende 
et al. (2011) reported a high density of Li. durhamii in artificial con-
tainers in the Atlantic Forest in the city of Linhares, Espírito Santo. 
These results are consistent with Almeida et al. (2020), who reported 
that plastic containers were colonized by a great diversity of mos-
quitoes, suggesting that the species were eclectic in their choice for 
oviposition habitat, successfully establishing in artificial breeders.

Aedes albopictus showed an eclecticism of oviposition, with speci-
mens present in all larval habitats in the two sampling locations and 
more abundant in artificial vessels. This species grows in natural and 
artificial containers and has been present in urban and suburban areas 
of all Brazilian regions (Carvalho et al. 2014). The presence of Ae. 
albopictus can increase the risk for the transmission of arboviruses 
such as the Zika virus that has spread rapidly in Brazil (Vorou 2016). 
Therefore, systematic and continuous monitoring of the mosquito 
fauna in this area is critical because of their role as pathogen vectors.

Mosquitoes of the genus Psorophora are known to lay their eggs 
primarily in ephemeral pools of water (Forattini 2002). However, we 
found Psorophora cingulata Fabricius, 1609 in artificial containers, 
representing 17.58% of immatures found in artificial habitats. This 
result contrasts the findings of Lourenço-de-Oliveira et al. (1986), 
who reported Psorophora in ground pools only. Lozovei (2001) 
stated that some mosquito species show considerable plasticity for 
adapting to different breeding habitats. Finally, Alencar et al. (2021) 
evidenced that studies on the mosquito fauna could help assess the 
degree of environmental change that may occur in a given region.

Considering the variety of larval habitats present in the RPPNBR, 
we observed that the type of container (natural or artificial) could 
influence the composition and abundance of the mosquito fauna. 
Several species were collected in the water accumulated in nylon lids 
covering the plastic water tanks found in the area studied with more 
altered vegetation, where we also found higher species richness. Such 
nylon lids can promote an increase in mosquito populations in the 
environment surrounding the study area.
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