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araca Ecological Station occupies a river island in
M the municipality of Amajari, Roraima State, northern

Brazil, and itis approximately 135 km from Boa Vista,
capital of Roraima. Maraca Island was officially inaugurated
as “Estacdo Ecolégica of Maraca (EEM)” in April 1978 and
covers an area of some 112,000 hectares. It is delimited by
the division of the Uraricoera River into two arms around the
island: the Santa Rosa arm to the north and the Maraca arm
to the south. Both are difficult to navigate.

Maraca Island has transitional climate and is surrounded by
two biogeographical boundaries: the Amazon Basin and the
Guiana Shield, extended between the Amazon rainforest and
natural savanna areas (Epen & McGrecor 1998). Maracé Island
is extremely rich in biodiversity, consequently it has hosted
many national and international research projects involving
scientists and students.

In Brazil, malaria transmission is mostly confined to the
Amazon region, where substantial progress has been made
towards disease control in the past decades. In this region,
vector studies have been considered essential part to
inform vector control strategies and evaluate their impact
on malaria transmission (RocHa et al. 2020). These actions
have resulted in decrease of this disease in recent years
(MS 2020). Nevertheless, there are still many Amazonian
municipalities with high indices of malaria transmission (MS
2020). In most this has been caused by anthropic actions
and deforestation that have led to population increases
of main malaria vector in the Brazilian Amazon, Anopheles
darlingi Root (Tapel et al. 2017; Arcos et al. 2018; RochHa et al.
2020). Despite this, the Maraca Island has not been a focus
of malaria-related fieldwork, a source of potential concern,
given the international nature of many of the study teams,
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Abstract. Anopheline species were sampled in different ecotones at Maraca Ecological Station and
in Canta municipality, both in Roraima State, Brazil, in June 2016. Nine species were recorded. Six
species belong to the subgenus Nyssorhynchus and three species to the subgenus Anopheles. The most
abundant species collected were Anopheles triannulatus s.l., Anopheles nuneztovari s.|. and Anopheles
oswaldoi species B. The remaining species had frequencies lower than 10%. While A. triannulatus s.l.
was the most frequent and the most widely distributed species in the studied area, Anopheles darlingi
Root, the main malaria vector in the Brazilian Amazon region, was captured in two different ecotones
and in low frequency. Our findings suggest that the risk of malaria outbreaks at Maraca Ecological
Station may be low. This study also describes the first record of Anopheles costai Fonseca & Ramos in
Maraca Ecological Station, Roraima State, increasing the distribution range of this taxon.

Keywords: Anopheles; Brazilian Amazon; malaria vector; Maraca Island; species diversity.

increases the risk of disease dispersion.

The first and only study related to incidence and distribution
of Anopheles species on Maraca Island was conducted from
1987 to 1988, where 97 collection points were sampled across
the island (Ropricues & Taper 1998). Based on the captures
of the adult and immature stages, the authors recorded
17 anophelines species, indicating a high overall species
diversity at the site. Of the 17 species captured, Anopheles
albitarsis s.l. was the most frequent (55%) on the island.

The current study aimed to make a preliminarily estimate of
the abundance and diversity/richness of Anopheles species
collected in the different ecotones of Maracd Ecological
Station, Roraima State (primary forest), and in secondary
forest within Cantd municipality, three decades after the
RopRIGUES & TADEI (1998)'s study.

In the current study, adult anophelines were sampled in
four different ecotones (edge of the primary forest; primary
forest-ombrophylous; forest fragment of Campinarana;
forest fragment of Lavrado-Savanna) at Maraca Ecological
Station, in June 2016 (Table 1; Figure 1). In addition,
samples from three localities of Canta municipality, situated
approximately 30 km from Boa Vista, were included in this
study (Table 1; Figure 1). Adult mosquitoes were captured
using Shannon light traps, installed in forest, approximately
between 6:00 pm and 10:00 pm. Captured anophelines were
placed in collection cups and transported live to polystyrene
boxes to the Base Laboratory of the Island, where they were
stored overnight. The next morning, approximately 25% of
the collected female mosquitoes were individually separated
into small oviposition cups and the offspring each progeny
were reared to adulthood for morphological analyses. The
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Table 1. Anopheline species collected in the Ecological Station of Maraca and Municipality of Canta, State of Roraima, Brazil.

Ramal of ES of ES of Matadouro
. Municipality . a ES of ES of a T
Locality 5 Carvoeiro Maraca - - Maraca site, in
f Cant ' !
of Canta in Canté Crem)  CEEERGE) VEEEIRED vy Cants
Edge of the ) Forest Forest
Ecotone Sefc:'f\ec;: ry Se::?e(:i ry primary _zr:;f;{,;‘;ﬁffs fragment of fragment of Se::rnei:ry
forest Campinarana Lavrado
Altitude 109 m 85m 78 m 145 m 126 m 106 m 86 m
Coordinate N 2°37'15"; N 2°33'59"; N 3°21'48"; N 3°22'53"; N 3°22'33"; N 3°23'53"; N 2°36'11";
W 60°36'13" W 60°3920" W 61°26'05" W61°29'21" W 61°29'05" W 61°28'41" W 60°37'29"
. June June June June June June June
GellEEitm eRits 21/2016 22/2016 23/2016 24/2016 25/2016 26/2016 27/2016
Species Total (%)
A. argyritarsis 23 23 (4.41)
A. albitarsis s.l. 1 1 16 18 (3.46)
A. darlingi 1 5 6 (1.15)
A. costai 1 13 36 2 52 (9.98)
A. medialis 1 1(0.19)
A. nuneztovari s.l. 2 17 6 31 86 13 155 (29.75)
/é. oswaldoi species ] 7 29 36 9 82 (15.74)
A. peryassui 4 4 (0.77)
A. triannulatus s.. 1 6 31 31 105 5 1 180 (34.55)
Total 3 (0.58) 8 (1.54) 57 (10.94) 79 (15.16) 209 (40.12) 151 (28.98) 14 (2.68) 521 (100%)
Species richness 2 3 5 4 5 9 2
SO B 0.693 0.735 1.09 1.23 1.26 1.43 0.257
Index (H’)
Equitability-) 0.918 0.670 0.678 0.890 0.783 0.649 0.371

The numbers within parenthesis represent the percentage (%). ES = Ecological Station. A. medialis, Harbach 2018 (A. medialis=A. intermedius).

remainder were preserved in a solution of 95% ethanol and
stored at -20 °C for molecular studies at the Laboratério de
Genética de Populagdes e Evolugdo de Mosquitos Vetores,
Instituto Nacional de Pesquisas da Amazdnia, Manaus, Brazil.

In the municipality of Cantd, specimens were captured in
secondary forest environments that had suffered some form
of anthropic impact. All mosquitoes were captured using
Shannonlighttraps, between 6:00 pmand 10:00 pm. Collected
mosquitoes were preserved in 95% ethanol and stored at
-20 °C. The taxonomic keys of Faran & LinTHIcUmM (1981) and
ForaTTINI (2002) were used for morphological identification.
Anopheles costai Fonseca & Ramos was identified using male
genitalia of offspring reared in insectary at the Laboratério
de Genética de PopulacBes e Evolucdo de Mosquitos Vetores,
INPA, Manaus, Brazil (Figure 2).

Molecular identification was performed only for specimens
from the A. oswaldoi complex, using the mitochondrial DNA
(mtDNA) Cytochrome Oxidase, subunit | (CO/) gene barcode
region. Generated sequences were then compared with
those deposited in GenBank; results indicated the presence
of Anopheles oswaldoi species B in the area: an as-yet
undescribed taxon in the A. oswaldoi complex (Ruiz-Lorez et al.
2013; Sarava et al. 2018). Collections were authorized by the
Biodiversity Information and Authorization System (SISBIO),
with permanent license number 38440 awarded to VMS. The
analyses of richness, Shannon index and equitability-] were
conducted in the Paleontological Statistics Software (HamMMER
et al. 2001).

In the current study, a total of 521 mosquitoes were collected
and identified, comprising nine Anopheles species (Table 1).
Of these, six belonged to Nyssorhynchus subgenus: Anopheles
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argyritarsis Robineau-Desvoidy, Anopheles albitarsis s.l., A.
darlingi, Anopheles nuneztovari s.l., Anopheles oswaldoi species
B and Anopheles triannulatus s.l. The three other species were
members of the Anopheles subgenus: A. costai, Anopheles
medialis Harbach (=A. intermedius) and Anopheles peryassui
Dyar & Knab. The most frequently-caught species were of
the subgenus Nyssorhynchus, which comprised 464 (89.06%)
of the captured mosquitoes. Anopheles triannulatus s.l.
comprised 34.55% of the total individuals caught, followed by
A. nuneztovari s.l. (29.75%) and A. oswaldoi species B (15.74%).
The remaining species had capture frequencies lower than
10% (Table 1). All nine species were collected in the forest
fragment of Lavrado, out of which three them (A. argyritarsis,
A. peryassui and A. medialis) were exclusive of this ecotone.
Unlikely, A. triannulatus s.l. was recorded in all the ecotones
and at Canta. Previous studies reported that A. peryassui, A.
medialis and A. oswaldoi s.l. are often found in forest in the
Brazilian Amazon and are predominantly zoophilic (Tabel et
al. 1993, 1998; Barbosa et al. 2016). Our results support these
findings.

The highest density (abundance) of specimens was observed
in a forest fragment of Campinarana (white sand forest),
comprising 40.12% of the total specimens collected.
Anopheles darlingi was captured only in the forest fragment
of Lavrado and forest fragment of Campinarana, but at very
low frequency (five and one specimens, respectively). In the
primary ombrophylous forest fragment - four species were
collected, of which A. triannulatus s.|. and A. oswaldoi species
B were captured most frequently. At the primary forest edge,
near the Base of Ecological Station of Maraca, five species
were collected, of which A. triannulatus s.|. and A. nuneztovari
s.l. were the most frequent (Table 1).
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Figure 1. Map showing the collections sites of the Anopheline species in the Ecological Station of Maraca and Municipality of Canta, Roraima

State, Brazil.

Anopheles costai was found in the four different ecotones;
however, it was the most frequent in the forest fragment of
Campinarana (Table 1). Anopheles costai is morphologically
very similar to Anopheles forattinii (Wilkerson and Sallum) and
Anopheles mediopunctatus (Lutz) in the adult stage (NaTaL et al.
2007). RopriGues & Tapel (1998) registered A. mediopunctatus in
Maraca; however, due to the high morphological similarity in
the adult stage between these species, it is possible that the
samplesidentified as A. mediopunctatus in the RobpRrIGUES & TADEI
(1998)'s study are in fact A. costai. Here, we initially identified
these specimens as A. mediopunctatus based on the adult
(females) collected in field. After to obtain the descendants
reared in the insectary, they were identified as A. costai using
male genitalia (Figure 2). The geographical distribution range
of A. costai is poorly known in Brazil (NATAL et al. 2007). It was
reported in S3o Paulo, Ronddnia, Bahia, Minas Gerais and
Para States as well as in other South American countries. The
first record of A. costai in the Ecological Station of Maraca as
well as in Roraima State, increases the distribution range of
this taxon.

In the three localities of municipality of Canta, four species

were captured: A. nuneztovari s.l., A. trionnulatus s.l., A
oswaldoi species B and A. albitarsis s.l.; however, they were
collected in frequency low. Anopheles triannulatus s.l. was
registered in all localities.

Forested areas had higher Shannon Index values, indicating
that they were more diverse. Forest fragment of Lavrado
had the highest Shannon Index value, as it was there that
the nine species were recorded. Campinarana and Lavrado
forest sites were very close in terms of diversity. However,
they were quite different from secondary forest areas, in
Canta (Table 1).

The current study showed that the highest species diversity/
richness and density (abundance) were observed in the
forest fragment of Lavrado and Campinarana forest
fragments, respectively. Anopheles nuneztovari s.I. was the
most abundant species in the forest fragment of Lavrado,
whereas in the Campinarana forest fragment, this was A.
triannulatus s.l. In addition, A. triannulatus s.|. was captured in
all collection points, and was thus the most widely distributed
species and the most abundant anopheline species at both
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Figure 2. Morphological characters used in the identification of Anopheles costai. Specimens collected at ES of Maraca, municipality of Amajari,
Roraima State, Brazil. A) Male genitalia showing the details of dorsal lobe with oval base (arrow), almost circular, B) Edeago with apical
leaflets, C) Ninth tergal lobe of the male genitalia very close, long and parallel, D) Wing case of a pupa, showing two protuberances (arrows).

the Ecological Station of Maraca and Canta municipality. In the
Amazon region, this species has been reported from forest
and edge of forest environments, as well as being captured
in extradomiciliary environment and exhibiting zoophilic
behavior (Barsosa et al. 2016), which may explain the results
of this study.

At Maracd, Ropricues & Tapel (1998) observed higher species
diversity (17) than the current study (nine). These differences
may be explained by the fact that these authors sampled a
larger area of Maraca Island and analyzed a higher number
of collection sites (97). In addition, the authors carried out
captures during twelve months consecutives, encompassing
the rainy and dry seasons.

However, both the current study and Robricues & Tapel (1998)'s
reported A. darlingi in low frequency at Maraca. These results
are in line with those observed by HurtcHings et al. (2005;

2016) that in natural reserves and undisturbed forest areas
from Amazon region, A. darlingi may be rare or absent.
Nonetheless, many studies carried out in Amazon observed
that this species easily adapts to the environmental changes
and its immatures easily develop in artificial breeding sites,
especially in fish farm tanks and/or fish ponds (Arcos et al.
2018; Tapei et al. 1998, 2017; Rocka et al. 2020). However, while
A. darlingi was not captured at the more disturbed habitats
in Cantd municipality, the other species (A. nuneztovari s.l., A.
triannulatus s.l., A. oswaldoi species B and A. albitarsis s.l.) were
collected showed low frequency (4.80% of the total captured,
all three Canta sites combined). This preliminary result is
unexpected and further study is needed to explain them.

In the current study, A. albitarsis s.|. was sampled at low
frequency (3.46%), whereas in the RobriGues & Tapel (1998)
study it was the most frequent species (55%) and showed
little seasonal change. For the current study, collections were




Volume 14, 2021 - www.entomobrasilis.org

EntomoBrasilis 14: e964

made only in June, so that no seasonal variability data exists.
Previous studies conducted in Roraima have indicated that
Anopheles marajoara and Anopheles janconnae, two members
of A. albitarsis complex, should be regionally-important
vectors of the malaria parasite (SiLva-VasconceLos et al. 2002;
Povoa et al. 2006). Currently, Albitarsis Complex comprises a
10 species-group (Moroki et al. 2020), which are isomorphic
or almost isomorphic species, as a consequence is extremely
difficult to separate them without the use of molecular tools
(Moroki et al. 2020). As the molecular identification was not
employed in this case, their accurate identify, and hence
malaria-vectors, remains unverified

Our findings suggest that the risk of malaria outbreaks at
the Maraca Ecological Station may be low. However, periodic
entomological surveillance is recommended, because
environmental changes in the area might occur which would
favor the increase of vector species, especially A. darlingi.
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