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Abstract: Although tropical forests are home to most of the global diversity, they suffer from the
most significant knowledge gaps concerning their fauna. Despite its high biodiversity, Brazil is facing
an alarming destruction of habitats, with species becoming extinct before they can be discovered or
described via science. Therefore, there is an urgent need to expand wildlife inventories, including
entomofauna surveys. The present study aimed to analyze the bionomic aspects and the influence of
abiotic factors on mosquito fauna whose immature phases develop in two bamboo species, Guadua
tagoara and Bambusa vulgaris, in Tijuca National Park, Rio de Janeiro, Brazil. Immatures were
collected in 10 artificially drilled bamboo plants, in five stalk internodes per plant, at two sampling
points, from March 2022 to March 2023, during 23 collections. A total of 1845 immatures were
obtained, 72.14% at sampling point 1 and 27.86% at sampling point 2. Of this, 1162 individuals
reached adulthood, belonging to the following species: Culex iridescens, Culex neglectus, Haemagogus
leucocelaenus, Orthopodomyia albicosta, Sabethes identicus, Sabethes melanonymphe, Sabethes purpureus,
Toxorhynchites bambusicola, Toxorhynchites sp., Trichoprosopon compressum, Trichoprosopon pallidiventer,
Wyeomyia arthrostigma, Wyeomyia codiocampa, Wyeomyia lutzi, Wyeomyia oblita, Wyeomyia personata,
Wyeomyia serrata, and Wyeomyia sp. The Tijuca National Park is a tourist spot and receives a large
number of visitors. Thus, humans can become an accessible food source for mosquitoes in this
area, making the species survey critical since important arbovirus vectors have been recorded in Rio
de Janeiro.

Keywords: Culicidae; immatures; biodiversity; conservation unit; abiotic factors

1. Introduction

Mosquitoes of the family Culicidae are of significant medical and veterinary impor-
tance given their hematophagous habit, wide and persistent distribution, and the various
diseases they transmit, such as dengue, chikungunya, yellow fever, and malaria, which are
serious dangers to Public Health [1].

Culicidae larval habitats consist of bodies of water that differ in size, quantity, and
physicochemical composition. The immature forms, therefore, occupy various types of
habitats. The development of the immature forms of dendrotelmata sylvatic mosquitoes is
restricted to certain types of natural habitats formed by the internodes in bamboo (Poales:
Poaceae). This plant, which provides them with a small habitat, is commonly found in the
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tropical and subtropical regions of the world [2]. Several native or exotic bamboo species,
mainly of the genus Bambusa Schreb. have been found in forest fragments of the Atlantic
Forest in Brazil [3]. Some mosquito species are highly flexible in adapting to larval habitats
and are found in various habitats, whereas others are more restrictive when choosing sites
for immature development [4].

When drilled naturally, bamboo can serve as a microhabitat for wildlife, thus allow-
ing studies on ecological succession [5]. Rainfall carries organic particles through the
internode of the plants to their artificial or natural orifices, promoting the development of
microorganisms and becoming a source of nutrients for the larval stage of the Culicidae.

Although there is some information in the scientific literature regarding culicids
that use bamboo internodes as larval habitats [6-8], research in this area is still scarce.
It is therefore critical to investigate the preferences of Culicidae that use this type of
larval habitat.

Miiller et al. [9,10] discussed the bionomy of mosquitoes that use bamboo internodes
as habitats for immature forms, noting that these biotopes are important in the mainte-
nance of the culicid fauna, and they considered the presence of important species from an
epidemiological point of view.

The availability of food resources, the presence of microorganisms, and the pH, tem-
perature, salinity, composition and content of organic matter, and intra- and interspecific
interactions influence the development and survival of immature stages [11,12].

The present study aims to provide information about the bionomy of mosquitoes that
select bamboo as larval habitats. For this purpose, we evaluated the diversity, abundance,
sexual proportion, and influence of the abiotic factors temperature, humidity, and rainfall
on the composition of mosquito fauna whose immatures are raised in artificially drilled
bamboo internodes at the Tijuca National Park (TNP), city of Rio de Janeiro, Brazil.

2. Materials and Methods
2.1. Ethics Statement

The permanent license for the collection, capture, and transport of zoological material
was granted by the Chico Mendes Institute for Biodiversity Conservation (Chico Mendes
de Conservagao da Biodiversidade—ICMBio) and the Biodiversity Information Permission
Syculm (Sistema de Permissao de Informacgoes sobre Biodiversidade—SISBIO) under No.
81388-3. All members of the collection team were properly vaccinated against yellow fever.

2.2. Study Area

The TNP is a federal conservation unit in Rio de Janeiro, representing one of the
remaining small fragments in the Atlantic Forest. As its name implies, the park is prop-
erty of the Federal Government and is classified as a Full Protection Conservation Unit.
As a National Park, various activities such as scientific research and public visitation
are allowed.

According to Machado (2003) [13], the physiographic landscape of the TNP contains
perennial humid sub-mountain tropical forest, representing an ecosystem that is in the
process of degradation and erosion acceleration.

The climate of the Tijuca Massif is classified as subhumid temperate due to its geo-
graphical orientation, with abundant rainfall. The average annual rainfall is approximately
2500 mm, and the dry season runs from May to August [14].

The park contains approximately 1619 plant species and over 320 vertebrate animal
species, and it plays a critical role in species conservation. Its forest covers an area of
approximately 3950 hectares. The vegetation that covers the Tijuca Massif interacts directly
with the urban space, making the park an important tourist spot in the city, with over
3 million visits per year.
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2.3. Experimental Design

The internodes of the bamboo specimens were drilled in February and between March
2022 and March 2023. Immatures were collected at two sampling points, from 10:00 a.m.
to 1:00 p.m., with a sampling effort of 23 collections. The sample area contained two
sample sites, named sampling point 1 (Figure 1A) and sampling point 2 (Figure 1B), with a
standardized sampling time of 90 min at each of them, totaling 180 min per sample and a
total sampling effort of 69 h (Figure 1).

Figure 1. Sampling site in the Tijuca National Park, city of Rio de Janeiro, Brazil. Sampling points:
(A) Guadua tagoara (Nees) Kunth; (B) Bambusa vulgaris Schrad. ex J.C.Wendl.

Sampling point 1 (22°5652.1" S and 43°17'29.3" W) is located approximately 30 m
from the edge of Bom Retiro square, which contains tree species, undergrowth, and a large
number of herbaceous plants and the bamboo Guadua tagoara (Nees) Kunth bamboo, which
was analyzed in this study.

Sampling point 2 (22°57'00.5” S and 43°17'15.7” W) is located at the edge of the
forest, containing vegetation that is in an advanced stage of regeneration as well as exotic
species, in addition to medium-sized shrub and herbaceous tree species. The selected
bamboo plants belong to Bambusa vulgaris Schrad. ex J].C.Wendl. and are located about
10 m downhill from Major Archer Road.

The bamboo specimens were drilled with holes measuring five millimeters in diameter
to serve as a microhabitat for the mosquito fauna. Bamboo is cylindrical and divided
into sections. The section between two nodes is called the internode. The internodes are
hollow in most bamboo species, such as B. vulgaris and G. tagoara. A perforation was placed
in each internode, 25 cm from the lower node of the plant. Only the internodes of live
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internodes were used, drilled circularly with a rechargeable electric drill. When choosing
the drilling pattern, we considered the behavior of insects able to use internodes and the
drilling patterns required for their entry and exit.

At each sampling point, five internodes of five bamboo plants were drilled (a total
of 25 larval habitats per collection point). Every 15 days, the water from the internodes
was removed through manual siphoning to obtain the immature specimens. The physical-
chemical characteristics of the water from the bamboo internodes (pH and temperature)
were evaluated. To measure the abiotic variables, a portable measuring device from the
Akso brand, model AK90 (Sao Leopoldo, Brazil) was used. The pH and temperature were
recorded at the same time. The water was poured into polyethylene trays, and the larvae
and pupae were quantified and removed with a pipette so that they could be packed
separately in vials and transported to a laboratory for breeding until becoming adults,
following the methodology of Miiller et al. (2009) [15]. The contents of each sample were
transferred to small vials, and the larvae were kept alive with the water of the internodes
and periodically supplemented with dechlorinated water in a controlled experimental en-
vironment at a temperature of 28 °C and air humidity between 75 and 90%. The specimens
were monitored daily until the immatures reached adulthood. Species were identified using
the direct observation of the morphological characteristics of the adults under an optical
microscope and the consultation of the respective descriptions/diagnoses of the species,
using dichotomous keys and information from the works of Lane (1953) [16,17], Consoli
and Lourengo-de-Oliveira (1994) [18], and Forattini (2002) [19]. Abbreviations of genus and
subgenus names follow the proposal by Reinert (2001) [20]. After species identification,
all specimens were incorporated into the Entomological Collection of the Oswaldo Cruz
Institute, Fiocruz, under the title “Parque Nacional da Tijuca”.

2.4. Statistical Analyses

The following ecological indices were used to evaluate, analyze, and compare the
diversity of mosquitoes at each sampling point: diversity, dominance, richness, and equa-
bility. The Shannon Diversity Index was used to evaluate immature abundance collected at
each sampling point, which comprised different bamboo species: Guadua tagoara (sampling
point 1) and Bambusa vulgaris (sampling point 2). The Simpson Dominance Index was used
to measure the probability of two individuals randomly selected in the sample belonging
to the same species; higher values of the latter index imply lower diversity levels. The
richness index was used to describe the total number of different mosquito species found
at each sampling point. Equability, also known as evenness, reflects the uniformity of abun-
dance among different mosquito species within each sampling point. The linear regression
test was used to analyze the correlations between immatures and the following variables:
temperature, pH, and water volume variables. The differences between the abundance
of males and females were evaluated with the t-test. All analyses were conducted using
software PAST version 4.05.

3. Results

During the sampling period, 1845 immature culicids were collected, 1331 (72.14%)
at sampling point 1 and 514 (27.86%) at sampling point 2. Of this total, 1162 reached
adulthood, being distributed as follows: Culex iridescens Lutz (n = 119; 10.2%); Culex
neglectus Lutz (n = 394; 33.9%); Haemagogus leucocelaenus (Dyar & Shannon) (n = 4; 0.3%);
Orthopodomyia albicosta (Lutz) (n = 257; 22.1%); Sabethes identicus Dyar & Knab (1 = 164;
14.1%); Sabethes melanonymphe Dyar (n = 2; 0.2%); Sabethes purpureus (Theobald) (n = 3;
0.3%); Toxorhynchites bambusicola (Lutz & Neiva) (n = 1; 0.1%); Toxorhynchites sp. Theobald
(n =1; 0.1%); Trichoprosopon compressum Lutz, 1905 (n = 1; 0.1%); Trichoprosopon pallidiventer
(Lutz) (n =7; 0.6%); Wyeomyia arthrostigma (Lutz) (n = 10; 0.9%); Wyeomyia codiocampa Dyar
& Knab (n = 1; 0.1%); Wyeomyia lutzi (Costa Lima) (1 = 138; 11.9%); Wyeomyia oblita (Lutz)
(n = 48; 4.1%); Wyeomyia personata (Lutz in Bourroul) (n = 2; 0.2%); Wyeomyia serrata (Lutz)
(n =1, 0.1%); Wyeomyia sp. Theobald (1 = 9; 0.8%).
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The highest number of Culicidae specimens was found in sampling point 1 (G. tagoara;
bamboo specimens 1-5), with 29% of them located on bamboo 4 (n = 241), followed by
bamboo specimens 5 (n = 183; 22%) and 1 (n = 167; 20%) (Figure 2). The highest diversity
and equitability indices were found in bamboo specimens 1 (H = 1.71; ] = 0.74) and 5
(H =1.65;] = 0.72). For B. vulgaris specimens from sampling point 2 (bamboos specimens
6-10), the highest abundance was observed in bamboo 9 (1 = 81; 24%), followed by bamboo
6 (n = 77; 22%) (Figure 3). The highest dominance indices were observed in bamboo
specimens 2 (D = 0.36) and 4 (D = 0.31), with a dominance of Or. albicosta (bamboo 2) and
Cx. neglectus (bamboo 4) (Table 1). The highest diversity indices were observed in bamboo
7 (H=1.74) and 6 (H = 1.60). The highest equitability values were detected in bamboo
specimens 6 and 9 (J = 0.82 for both). The highest richness values were observed in bamboo
specimens 7 (S =9) and 10 (S = 8). The highest dominance indices were found in bamboo 10
(D =0.42) and 8 (0.31), with the dominance of Cx. neglectus in both (Table 1). Culex neglectus,
Sa. identicus, Wy. oblita, and Wy. [utzi were present in all bamboo specimens analyzed.

& ¢

Figure 2. Abundance of immature mosquitoes in Guadua tagoara at sampling point 1 (bamboo
specimens 1-5) at the Tijuca National Park, city of Rio de Janeiro, Brazil, from March 2022 to
March 2023.

Figure 3. Abundance of immature mosquitoes in Bambusa vulgaris at sampling point 2 (bamboo
specimens 6-10) at the Tijuca National Park, city of Rio de Janeiro, Brazil, from March 2022 to
March 2023.
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Table 1. Diversity indices of immature mosquitoes in bamboo plants at the Tijuca National Park, city
of Rio de Janeiro, Brazil, from March 2022 to March 2023.

Sampling Point 1 Sampling Point 2
Bamboo 1 2 3 4 5 6 7 8 9 10
Species (S) 10 8 9 9 10 7 9 7 6 8

Dominance (D)

0.23 0.36 0.28 0.31 0.24 0.25 0.24 0.31 0.27 0.42

Shannon diversity (H)

1.71 1.37 1.51 1.40 1.65 1.60 1.74 1.42 1.47 1.25

Equitability (J)

0.74 0.66 0.69 0.64 0.72 0.82 0.79 0.73 0.82 0.60

Regarding the mosquito species found in the two bamboo species, there was a statisti-
cally significant difference between G. tagoara and B. vulgaris (p = 0.006). Guadua tagoara had
the highest diversity (H = 1.71) and equability indices (J = 0.71). In contrast, B. vulgaris had
a diversity index of H = 1.63 and an equability index of ] = 0.65. G. tagoara had 11 species
and B. vulgaris had 12 species (Figure 4). The dominance index of B. vulgaris was higher
(D = 0.28), with a greater abundance of Cx. neglectus.

Sampling Point 1 (Guadua tagoara)

Sampling Point 2 (Bambusa vulgaris)

T bambisicola Sa. melanonymphe

Hg. leucocelaenus Sa. purpureus
WA lutzi WA codiocampa
Tr: pallidiventer - . P!
Or: albicosta
WA. personata
Tr: compressum  Sq. identicus

Cx. neglectus ~ Wy. serrata
WA arthrostigma
Wy. oblita

Cx. iridescens

Figure 4. Species found at the two sampling points of the Tijuca National Park, city of Rio de Janeiro,
Brazil, from March 2022 to March 2023. Culex iridescens, Culex neglectus, Haemagogus leucocelaenus,
Orthopodomyia albicosta, Sabethes melanonymphe, Sabethes purpureus, Sabethes identicus, Toxorhynchites
bambusicola, Trichoprosopon compressum, Trichoprosopon pallidiventer, Wyeomyia codiocampa, Wyeomyia
oblita, Wyeomyia serrata, Wyeomyia arthrostigma, Wyeomyia lutzi, Wyeomyia personata.

The highest abundances of immature culicids were found at sampling point 1, in
internodes 2 (n = 213; 26%) and 5 (n = 201; 25%). The highest diversity indices were
observed in internodes 4 (H = 1.79), 1 (H = 1.72), and 2 (H = 1.70), whereas the highest
equability indices were detected in internodes 1 (J = 0.88) and 3 (J = 0.84) (Table 2). The
highest richness values were found in internodes 2 (s = 11) and 4 (S = 11), and the highest
dominance index was observed in internode 5 (D = 0.24), represented by Cx. neglectus.

Table 2. Diversity indices of immature mosquitoes found in bamboo internodes at sampling point
1 (G. tagoara) at the Tijuca National Park, city of Rio de Janeiro, Brazil, from March 2022 to
March 2023.

Internode 1 2 3 4 5

Species (S) 7 11 7 11 7
Dominance (D) 0.20 0.23 0.23 0.20 0.24
Shannon diversity (H) 1.72 1.70 1.64 1.79 1.56

Equitability (J) 0.88 0.71 0.84 0.75 0.80
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At sampling point 2, internode 2 showed the highest abundance (1 = 97; 28%), diversity
index (H = 1.76), and richness (S = 10), and the second-highest equability index (J = 0.77). It
was followed by internode 1, which also showed a high abundance (n = 85; 25%), diversity
index (H =1.73), and richness (S = 09), and the highest equability index (] = 0.79). Internode
5 had the highest dominance index (D = 0.50) (Table 3), also due to Cx. neglectus.

Table 3. Diversity indices of immature mosquitoes found in bamboo internodes at sampling point
2 (B. vulgaris) at the Tijuca National Park, city of Rio de Janeiro, Brazil, from March 2022 to
March 2023.

Internode 1 2 3 4 5

Species (S) 9 10 9 7 4
Dominance (D) 0.21 0.23 0.36 0.33 0.50
Shannon diversity (H) 1.73 1.76 1.41 1.39 0.96
Equitability (J) 0.79 0.77 0.64 0.71 0.70

The peaks of immature culicid abundance were found in January 2023 (n = 160; 14%)
and November 2022 (n = 131; 11%). In contrast, in September and December 2022, we
detected a decline in the mosquito population. From August to September, there was a 6%
decrease in the abundance of collected culicids. In October 2022, the population increased
again continuously (5%) until November 2022, declining in December 2022 (1 = 55), while
in the following month (January 2023), it showed its highest peak (n = 160), decreasing
again in February (n = 112) and with the lowest abundance recorded in March 2023 (1 = 9)
(Figure 5).

180 -
160 -
140 -
120 -
100 -
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60 -
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0 m
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& &% RV \\@ \\fg, & (@jv & P
\}

KRS S W s P & ¢

Figure 5. Monthly frequency of immature mosquitoes at the Tijuca National Park, city of Rio de
Janeiro, Brazil, from March 2022 to March 2023.

The highest richness values were observed in July 2022 (S = 11), April 2022 (S = 10),
August 2022 (S = 8), and January 2023 (S = 8). The highest diversity indices were found in
May, June, and July 2022 (H = 1.7 for the three of them), August 2022 (H = 1.6), and April
2022 (H = 1.5). Regarding the equability index, the highest values were found in June 2022
(J =0.9) and May 2022, August 2022, and October 2022 (J = 0.8 for all three). On the other
hand, the highest rates of dominance were found in March 2022 (D = 0.7), driven by the
presence of Sa. identicus (n = 70) (Table 4).
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Table 4. Diversity indices of immature mosquitoes at the Tijuca National Park, city of Rio de Janeiro,
Brazil, from March 2022 to March 2023.

Month Species (S) Dominance (D) Di?/t::lil:;r(lH) Equitability (J)
March 2022 5 0.7 0.6 0.4
April 2022 10 0.4 1.5 0.7
May 2022 8 0.2 17 0.8
June 2022 7 0.2 1.7 0.9
July 2022 11 0.3 1.7 0.7
August 2022 8 0.2 1.6 0.8
September 2022 5 0.5 1.0 0.6
October 2022 6 0.3 1.4 0.8
November 2022 6 0.5 1.2 0.6
December 2022 7 0.3 1.4 0.7
January 2023 8 0.3 1.3 0.6
February 2023 7 0.4 1.3 0.7
March 2023 3 0.6 0.7 0.6

During the sampling period, the number of males found was 6% higher than that of
females, although this was not statistically significant. The months with the highest number
of males were March, April, June, September, November, and December 2022, and January
and February 2023, while the highest number of females was found in May, August, and
October 2022, and March 2023 (Figure 6).
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Figure 6. Monthly abundance of male and female mosquitoes at the Tijuca National Park, city of Rio
de Janeiro, Brazil, between March 2022 and March 2023.

The largest percentage difference in males and females occurred in September 2022
(32%), December 2022 (24%), November 2022 (18%), and April 2022 (17%), with males
predominating during each of those months. Conversely, a greater number of females
was found in March 2023 (56%) and May 2022 (22%). Mosquito abundance followed the
temperature pattern with higher peaks at higher temperatures and decreasing with lower
temperature values (Figure 7).
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Figure 7. Monthly abundance of mosquitoes and temperature at the Tijuca National Park, city of Rio
de Janeiro, Brazil, between March 2022 and March 2023.

In general, immature abundance in bamboo plants showed a moderate positive corre-
lation with temperature (r = 0.59) and pH (r = 0.694) (Figure 8A,B).
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Figure 8. Abundance of immatures in bamboo plants correlated with temperature (A) and pH (B) at
the Tijuca National Park, city of Rio de Janeiro, Brazil, from March 2022 to March 2023.
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Temperature (°C)

pH

At sampling point 1 (bamboos 1 to 5, from the species G. tagoara), we found a weak
and negative correlation between immature abundance and temperature (r = —0.423) and
pH (r = —0.278) (Figure 9A). At sampling point 2 (bamboos 6 to 10, from the species B.
vulgaris), there was a weak and positive correlation between immature abundance and
temperature (r = 0.036) and pH (r = 0.502) (Figure 9B).

Sampling Point 1 Sampling Point 2
23.754°® - L ]
20 r: 0.0358
2350 21.84 r2: 0.00128
4 . =
2325 g_) 21.64
e g 2 2144
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T T T T T T T T T
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Immatures

Figure 9. Abundance of immatures in bamboo plants at sampling points 1 (A) and 2 (B) correlated
with temperature and pH at the Tijuca National Park, city of Rio de Janeiro, Brazil, from March 2022
to March 2023.

In general, immature abundance in the internodes of bamboo specimens had a weak
and positive correlation with temperature (r = 0.525) and pH (r = 0.063) (Figure 10).

At the internodes of bamboos from sampling point 1 (G. tagoara), there was a weak
and positive correlation between immature abundance and temperature (r = 0.346) and a
weak and negative correlation with pH (r = —0.38) (Figure 11A). It should be noted that in
the internodes of bamboo at sampling point 2 (B. vulgaris), we found a strong and positive
correlation between immature abundance and temperature (r = 0.679) and a weak and
positive correlation with pH (r = 0.492) (Figure 11B).

With regard to the water volume of the bamboo specimens, we found a positive and
strong correlation between immature abundance and water volume (mL) per plant (0.90) at
sampling point 1 (bamboo specimens 1-5; G. tagoara) (Figure 12).
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Figure 10. Correlation of immature abundance in bamboo internodes with temperature (A) and pH
(B) at the Tijuca National Park, city of Rio de Janeiro, Brazil, from March 2022 to March 2023.
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Figure 11. Abundance of immatures in the internodes of bamboo plants correlated with temperature
and pH at sampling points 1 (A) and 2 (B) at the Tijuca National Park, city of Rio de Janeiro, Brazil,
from March 2022 to March 2023.
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Figure 12. Correlation of immature abundance and water volume (mL) in Guadua tagoara bamboo
plants (sampling point 1) at the Tijuca National Park, city of Rio de Janeiro, Brazil, from March 2022

to March 2023.

At sampling point 2 (bamboo specimens 6-10; B. vulgaris), we found a medium
and positive correlation between immature abundance and water volume (mL) (0.41)

(Figure 13).
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March 2022 to March 2023.

When analyzing the relationship between water volume per internode and the num-
ber of immature culicids, we noticed that at sampling point 1 (bamboo specimens 1-5;
G. tagoara), there was a positive but weak correlation between immature abundance and
water volume (mL) per internode (0.17) (Figure 14).

45
®°

40 .
w
5
s 354 R
g ///_"__.,
E e

304 ©

B
254 ®
20 T T T L T L

T 1
40 50 60 70 80 9% 100 110
ml

Figure 14. Abundance of immatures correlated with water volume (mL) in G. tagoara internodes
(sampling point 1) at the Tijuca National Park, city of Rio de Janeiro, Brazil, from March 2022 to
March 2023.

At sampling point 2 (bamboo specimens 6-10; Bambusa vulgaris), we found a strong
and negative correlation between the abundance of immatures and water volume (mL) per
internode (internodes 1-5) (0.41) (Figure 15).
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Figure 15. Correlation between immature abundance and water volume (mL) in Bambusa vulgaris
internodes (sampling point 2) at the Tijuca National Park, city of Rio de Janeiro, Brazil, from March
2022 to March 2023.

4. Discussion

In their natural environment, mosquitoes find different larval habitats formed through
water accumulation in different locations. These have different levels of substrates and may
or may not suffer from human interference. When analyzing the fauna that use bamboo
internodes for their development, Campos (2013) [7] noted that Culicidae make up the
largest number of individuals.

Bamboo internodes are among the most specialized larval habitats for immature
development of mosquito immatures (MacDonald & Traub, 1960) [5]. In addition, the
holes on the side of the internodes of wild bamboo plants enable the set of transformations
undergone by the substances that constitute them. Zequi and Lopes (2001) [21] emphasize
that bamboo species such as Bambusa vulgar var. vulgar Schrad (usually referred to in
Brazil as green bamboo), Bambusa vulgaris var. vittata Schrad (Brazilian bamboo), and
Dendrocalamus giganteus Wallich (giant bamboo) act as important larval habitats for the
maintenance of immature mosquitoes.

Lozovei (1998) [8] evaluated the mosquito species that use bamboo internodes to breed.
The author found two patterns of holes produced by wildlife, circular and square/rectangular,
attributing moths of the family Noctuidae (Lepidoptera) as the cause of the holes. In
this experiment, Lozovei (1998) [8] reproduced similar larval habitats artificially and ana-
lyzed them simultaneously, producing transverse openings and introducing water into the
reservoir, finding 17 species of dendricolous mosquitoes.

Bastos et al. (2021) [6] studied the composition of Culicidae that breed in Bambusa sp.
internodes, finding a richness of 17 species in a remnant of the Atlantic Forest in the state
of Rio de Janeiro. This result is similar to the number of species found in the present study,
in which the same pattern of circular holes in the internodes of B. vulgaris was used, and
16 species of mosquitoes were found during the sampling period.

Marques and Forattini (2008) [22] point out that species abundance is related to the
control one species exerts over others to become dominant. Although Cx. neglectus, Sa.
identicus, Wy. oblita, and Wy. lutzi were found in all internodes, the most abundant species
was Cx. neglectus, making it dominant. Alencar et al. (2021) [6] came to similar conclusions
in their study, with Cx. neglectus representing 43% of the specimens collected, which is
almost 10% higher than in our study.

Guadua tagoara (sampling point 1) showed a higher index of diversity and equability
of Culicidae compared to B. vulgaris (sampling point 2). In both points, species whose
larvae are predatory were found, including Sa. identicus, Sa. melanonymphe (Dyar, 1924), Tx.
(Lynchiella) bambusicola (Lutz & Neiva, 1913), Tr. compressum (Lutz, 1905), and Tr. pallidiventer
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(Lutz, 1905). We believe that the greater diversity of mosquito species in G. tagoara was
due to greater exposure to them in comparison to B. vulgaris, which is in line with Lozovei
(1998) [8], Silva et al. (2004) [23], Bastos et al. (2021) [6], and Miiller et al. (2022) [10].
Therefore, the difference in diversity in the two bamboo species analyzed can be explained
by the influence exerted by local environmental factors, including seasonality, competition,
predation, environmental stability, and productivity. The larvae of Toxorhynchites species
are considered to be the largest predators in internodes. A low number of Toxorhynchites
specimens was detected in the present study. Lozovei (1998) [8] also found a low number
of Toxorhynchites specimens on bamboo internodes in the Serra do Mar Atlantic Forest in
Parana State. Campos (2013, 2016) [7,24], evaluating the diversity of mosquitoes that use
bamboo plants as larval habitats in northeastern Argentina, detected only one species of
immature Toxorhynchites per internode, which could have occurred due to the ecological
relationship of intraspecific cannibalism.

In the present study, the highest percentage of individuals who reached adulthood
were males (53%). However, a monthly breakdown shows that during some months, the
percentage of females exceeded that of males, which was unexpected [25,26]. Dias et al.
(2023) [27] argue that locations and seasons can generate variations in proportions. They
found a greater number of females in their study. Chaves et al. (2011) [26] also indicate
other factors that may influence variations, such as nutrient supply and larval density.

Abiotic factors can significantly influence the development and presence of certain
mosquito species. In the present study, the factors recorded were temperature and pH.
Lozovei (2001) [2] mentioned that the water in the internodes can be acidic or neutral, as
found in the current study. However, Campos (2013) [7] demonstrated that the water may
also be strongly alkaline. Mosquitoes were found in all internodes, with pH variation in the
sampling points; in sampling point 1, the pH range found was neutral, while in sampling
point 2, it was an acidic range. Sampling point 1, with neutral pH, contained the largest
number of individuals, which differs from the findings of Campos (2013) [7]. In that study,
it was found that the largest number of species occurred with an acidic pH. Thus, such
results linked to the species found may show that some will be present in both pH ranges or
a single range and that it is important to link this factor to others, such as the temperature,
the species of bamboo used, and the species of these mosquitoes.

Temperature is an abiotic factor that can influence larval viability, development time,
and other factors associated with the life cycle of mosquitoes. The temperature was
relatively similar in both locations. However, we detected higher maximum temperatures
at sampling point 1 (13.4 °C and 31.8 °C) than at sampling point 2 (13.2 °C and 28.1 °C),
a factor that may contribute to the increase in the mosquito population. On the other
hand, there were other particularities in both locations. Sampling point 2 has a greater
vegetation cover, meaning it is less exposed to the sun. The bamboo species may also
influence the presence of mosquitoes. This could be seen because different species were
found in different locations, and B. vulgaris was the only species used as a larval habitat [6].

Consideration should be given to the strategies these insects use to guarantee their
survival and persistence. Culex (Carrollia) iridescens (Lutz, 1905) and Cx. (Microculex)
neglectus (Lutz, 1904) were found every month, including during periods considered
unfavorable due to low rainfall, such as September and December 2022.

A larger volume of water is expected to be found in the internodes during the rainy
season. This would result in increased nutrient transport due to the higher water flow
through the hole, making the internodes a favorable environment for the development of
immatures. Our results showed that water volume influenced the number of individuals at
both sampling points. This is supported by the results of the study conducted by Campos
(2013) [7].

5. Conclusions

The Tijuca Forest National Park is a tourist spot, and it receives a large number of
visitors. Humans can therefore become an accessible food source for mosquitoes in this area.
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Thus, considering that we found in the present study the presence of the Hg. leucocelaenus
vector of the Yellow Fever virus in Brazil, special attention is required for the emergence of
febrile illnesses among visitors to the area of the environmental conservation unit, in the
surrounding communities, or even in the local population.

Author Contributions: Conceptualization: M.P.C.L., R.D., HR.G.-S. and J.A. Formal analysis: S.O.ES.
Methodology: M.P.C.L., P].L., R.P.B.,, HR.G.-S. and C.E.d.M. Supervision: ].A. Writing—original draft:
M.PCL., RD., S.OFS. and J.A. Writing—review and editing: M.P.C.L., R.D. and J.A. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was carried out with the support of CNPq, FAPER], and CAPES, as well as
Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (Grant number: 303286/2021-0,
J.A.) and Fundacao Carlos Chagas Filho de Amparo a Pesquisa do Estado do Rio de Janeiro (E-
26/200.956,/2002/2022,J.A.).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Dataset available on request from the authors.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. NCHS. Health, United States, 2010: With Special Feature on Death and Dying; National Center for Health Statistics (US): Hyattsville
MD, USA, 2011; p. 2011-1232. Available online: http://www.cdc.gov/nchs/hus.htm (accessed on 23 September 2023).

2. Lozovei, A.L. Microhabitats de mosquitos (Diptera, Culicidae) em internédios de taquara na Mata Atlantica, Parana, Brasil.
Iheringia. Sér. Zoo. 2001, 90, 3—13. [CrossRef]

3.  Filgueiras, T.S.; Gongalves, A.P.S. A Checklist of the Basal Grasses and Bamboos in Brazil (POACEAE). Bamboo Sci. Cult. 2004, 18,
7-18.

4. Silver, ].B. Mosquito Ecology. Field Sampling Methods, 3rd ed.; Springer: Dordrecht, The Netherlands, 1976.

5. Macdonald, W.; Traub, R. Malasyan parasites XXXVIII. An introduction to the ecology of the mosquitoes of the lowland
dipterocarp forest of Selangor, Malaya. Stud. Inst. Med. Res. 1960, 29, 79-110.

6.  Bastos, A.Q.; Leite, PJ.; de Mello, C.E; Maia, D.A.; Machado, S.L.; Gil-Santana, H.R.; Silva, S.0.F.; dos Santos-Mallet, ].R.; Alencar,
J. Bionomy of Mosquitoes in Bamboo Internodes in an Atlantic Forest Remnant of the State of Rio De Janeiro, Brazil. . Am. Mosg.
Control Assoc. 2021, 37,208-215. [CrossRef] [PubMed]

7. Campos, R.E. The Aquatic Communities Inhabiting Internodes of Two Sympatric Bamboos in Argentinean Subtropical Forest. J.
Insect Sci. 2013, 13, 93. [CrossRef] [PubMed]

8.  Lozovei, A.L. Mosquitos dendricolas (Diptera, Culicidae) em internédios de taquara da Floresta Atlantica, Serra do Mar e do
Primeiro Planalto, Parana, Brasil. Braz. Arch. Biol. Technol. 1998, 41, 501-510. [CrossRef]

9. Muller, G.A.; Marcondes, C.B. First Report of Oviposition of Aedes albopictus (Skuse, 1894) (Diptera: Culicidae) through Holes in
Bamboos in the Americas. Enfomol. News 2010, 121, 102-103. [CrossRef]

10. Miiller, G.A.; de Mello, C.F; Bueno, A.S.; de Alcantara Azevedo, W.T.; Alencar, J. Little noticed, but very important: The role of
breeding sites formed by bamboos in maintaining the diversity of mosquitoes (Diptera: Culicidae) in the Atlantic Forest biome.
PLoS ONE 2022, 17, €0273774. [CrossRef] [PubMed]

11.  Juliano, S.A. Species Interactions Among Larval Mosquitoes: Context Dependence Across Habitat Gradients. Annu. Rev. Entomol.
2009, 54, 37-56. [CrossRef] [PubMed]

12. Yee, D.A.; Kneitel, ].M.; Juliano, S.A. Environmental Correlates of Abundances of Mosquito Species and Stages in Discarded
Vehicle Tires. . Med. Entomol. 2010, 47, 53-62. [CrossRef] [PubMed]

13.  Rizzini, C.T. Tratado de Fitogeografia do Brasil: Aspectos Socioldgicos e Floristicos; Editora Humanismo, Ciéncia e Tecnologia e EDUSP:
Sao Paulo, Brasil, 1979; Volume 2.

14. ICMBio. Plano de Manejo: Parque Nacional Da Tijuca. Rio de Janeiro, Brazil; Brasilia, 2008; Vol. III. Available on-
line: https://www.gov.br/icmbio/pt-br/assuntos/biodiversidade/unidade-de-conservacao/unidades-de-biomas/mata-
atlantica/lista-de-ucs/parna-da-tijuca/arquivos/parna_tijuca_pm.pdf (accessed on 27 September 2023).

15.  Muller, G.A ; Navarro-Silva, M.A.; Marcondes, C.B. Developmental time of immature forms of Sabethes aurescens Lutz (Diptera,
Culicidae) from artificially perforated bamboo in the rain forest of southern Brazil. Rev. Bras. Entomol. 2009, 53, 649-652.
[CrossRef]

16. Lane, ]. Neotropical Culicidae; University of Sao Paulo: Sao Paulo, Brasil, 1953; Volume 1.

17.  Lane, J. Neotropical Culicidae; Editora Universidade de Sao Paulo, Ed.; University of Sao Paulo: Sao Paulo, Brazil, 1953; Volume 2.

18. Consoli, R.A.G.B.; de Oliveira, R.L. Principais Mosquitos de Importincia Sanitdria No Brasil; Editora FIOCRUZ: Rio de Janeiro,

Brasil, 1994.


http://www.cdc.gov/nchs/hus.htm
https://doi.org/10.1590/S0073-47212001000100001
https://doi.org/10.2987/21-7044
https://www.ncbi.nlm.nih.gov/pubmed/34817616
https://doi.org/10.1673/031.013.9301
https://www.ncbi.nlm.nih.gov/pubmed/24224775
https://doi.org/10.1590/S1516-89131998000400016
https://doi.org/10.3157/021.121.0102
https://doi.org/10.1371/journal.pone.0273774
https://www.ncbi.nlm.nih.gov/pubmed/36067179
https://doi.org/10.1146/annurev.ento.54.110807.090611
https://www.ncbi.nlm.nih.gov/pubmed/19067629
https://doi.org/10.1093/jmedent/47.1.53
https://www.ncbi.nlm.nih.gov/pubmed/20180308
https://www.gov.br/icmbio/pt-br/assuntos/biodiversidade/unidade-de-conservacao/unidades-de-biomas/mata-atlantica/lista-de-ucs/parna-da-tijuca/arquivos/parna_tijuca_pm.pdf
https://www.gov.br/icmbio/pt-br/assuntos/biodiversidade/unidade-de-conservacao/unidades-de-biomas/mata-atlantica/lista-de-ucs/parna-da-tijuca/arquivos/parna_tijuca_pm.pdf
https://doi.org/10.1590/S0085-56262009000400016

Life 2024, 14, 351 17 of 17

19.

20.

21.

22.

23.

24.

25.

26.

27.

Forattini, O.P. Culicidologia Médica: Identificacio, Biologia, Epidemiologia; Edusp—Editora da Universidade de Sao Paulo: Sao Paulo,
Brazil, 2002.

Reinert, J.E; Harbach, R.E.; Kitching, I.]. Phylogeny and classification of Aedini (Diptera: Culicidae), based on morphological
characters of all life stages. Zool. J. Linn. Soc. 2004, 142, 289-368. [CrossRef]

Zequi, ].A.C.; Lopes, J. Culicideofauna (Diptera) encontrada em entrenés de taquara de uma mata residual na area urbana de
Londrina, Parana, Brasil. Rev. Bras. de Zool. 2001, 18, 429-438. [CrossRef]

Marques, G.R.A.M.; Forattini, O.P. Culicideos em bromélias: Diversidade de fauna segundo influéncia antrépica, litoral de Sao
Paulo. Rev. Saiide Piiblica 2008, 42, 979-985. [CrossRef] [PubMed]

Da Silva, A.M.; Nunes, V.; Lopes, J. Culicideos associados a entrenés de bambu e bromélias, com énfase em Aedes (Stegomyia)
albopictus (Diptera, Culicidae) na Mata Atlantica, Parana, Brasil. Iheringia Sér Zool. 2004, 94, 63—-66. [CrossRef]

Campos, R.E. Phytotelmata colonization in bamboo (Guadua sp.) culms in northeast Argentina. . Nat. Hist. 2016, 50, 923-941.
[CrossRef]

Hickey, W.A.; Craig, G.B. Genetic Distortion of Sex Ratio in A Mosquito, Aedes Aegypti. Genetics 1966, 53, 1177-1196. [CrossRef]
[PubMed]

Chaves, L.E; Hamer, G.L.; Walker, E.D.; Brown, W.M.; Ruiz, M.O; Kitron, U.D. Climatic variability and landscape heterogeneity
impact urban mosquito diversity and vector abundance and infection. Ecosphere 2011, 2, art70. [CrossRef]

Dias, R.; de Mello, C.F; Santos, G.S.; Carbajal-de-la-Fuente, A.L.; Alencar, J. Vertical Distribution of Oviposition and Temporal
Segregation of Arbovirus Vector Mosquitoes (Diptera: Culicidae) in a Fragment of the Atlantic Forest, State of Rio de Janeiro,
Brazil. Trop. Med. Infect. Dis. 2023, 8, 256. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/j.1096-3642.2004.00144.x
https://doi.org/10.1590/S0101-81752001000200014
https://doi.org/10.1590/S0034-89102008000600001
https://www.ncbi.nlm.nih.gov/pubmed/19009155
https://doi.org/10.1590/S0073-47212004000100011
https://doi.org/10.1080/00222933.2015.1091096
https://doi.org/10.1093/genetics/53.6.1177
https://www.ncbi.nlm.nih.gov/pubmed/5958915
https://doi.org/10.1890/ES11-00088.1
https://doi.org/10.3390/tropicalmed8050256

	Introduction 
	Materials and Methods 
	Ethics Statement 
	Study Area 
	Experimental Design 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

