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Abstract: Mosquitoes comprehend a group with a major impact on public health, because some species transmit
parasites vertebrate hosts. Comparative studies between preserved environment and disturbed areas provide important
epidemiological information, due to the major knowledge on species populational dynamics and the possibility of
a contact between vector species and human population. This work aims to characterize and compare the fauna of
mosquitoes in the Goytacazes National Forest (GNF) and surrounding area, in the State of Espirito Santo, in Brazil.
Collections occurred simultaneously in a preserved environment and in a peridomicile, from 15:00 to 18:00, between
July 2008 and May 2009. In each environment, it was used a modified trap of Shannon type. As a result, 1,490 specimens
from 14 genera and 19 identified species were collected. The species diversity (H = 1.95), species richness (S = 17),
equitability index (J = 0.68) and the number of collected specimens (n = 1,100) were higher in the forest environment.
The plentiful species were respectively Aedes (Ochlerotatus) scapularis (Rondani, 1848), Culex (Culex) nigripalpus
Theobald, 1901 and Aedes (Ochlerotatus) fulvus (Wiedemann, 1828). Our results demonstrate that the occurrence of vector
species in this region increases the potential risk of diverse arboviruses occurrence, especially wild-type yellow fever.
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Fauna de mosquitos (Diptera: Culicidae) na Floresta Nacional de Goytacazes e area
adjacente, estado do Espirito Santo, sudeste do Brasil

Resumo: Os mosquitos compreendem um grupo importante para a satde publica, porque algumas espécies estdo
envolvidas na transmissdo de varias doengas para os seres humanos. Estudos comparativos entre ambiente florestal
e areas perturbadas fornecem importantes informagdes epidemioldgicas, dado o maior conhecimento da dindmica
populacional das espécies e a possibilidade de contato entre as espécies de vetores e populacdo humana. O objetivo
deste estudo foi caracterizar e comparar a fauna de mosquitos na Floresta Nacional de Goytacazes e area adjacente,
no estado do Espirito Santo, Brasil. As coletas ocorreram simultaneamente no ambiente florestal e peridomicilio,
de 15:00 as 18:00 horas, entre junho de 2008 e maio de 2009. Em cada ambiente foi utilizada uma armadilha do tipo
Shannon modificada. Como resultado, foram coletados 1.490 espécimes pertencentes a 14 géneros e 19 espécies
identificadas. A diversidade de espécies (H = 1,95), riqueza de espécies (S = 17), indice de equitabilidade (J = 0,68) e
o numero de espécimes coletados (n = 1.100) foram maiores no ambiente florestal. As espécies mais abundantes foram
respectivamente Aedes (Ochlerotatus) scapularis (Rondani, 1848), Culex (Culex) nigripalpus Theobald, 1901 and
Aedes (Ochlerotatus) fulvus (Wiedemann, 1828). Os resultados demonstram que a ocorréncia de espécies vetores na
regido, aumenta o risco potencial de ocorréncia de diversas arboviroses, com destaque para a febre amarela silvestre.

Palavras-chave: Mata Atlantica, Vetores de doengas, Diversidade, Riqueza, Febre Amarela.

Introduction consequent alteration of the fauna and population dynamics of different

living organisms, including insects such as mosquitoes and sandflies
The Atlantic Forest is one of the world’s biodiversity hotspots  (Virgens et al. 2008, 2015).

(Myers et al. 2000, Orme et al. 2005). The environmental degradation Mosquitoes (Diptera: Culicidae) consist of a group with high impact
suffered by this biome has caused changes in the natural landscape, with  to public health, because some species are involved in the transmission of
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pathogens responsible for human diseases, such as dengue, zika, chikungunya,
yellow fever, filariasis and malaria (Consoli & Lourengo-de-Oliveira 1994,
Forattini 2002, Wilkerson et al. 2015). The association between mosquitoes
and these diseases has stimulated researches on the fauna, geographic
distribution and ecology of these insects, especially in areas with potential
risk of pathogen transmission.

In the State of Espirito Santo, the few existing studies on the fauna
characterization and diversity of mosquitoes are directed to Anophelinae subfamily
and areas of potential risk of malaria (Andrade & Brandao 1957, Deane et al.
1968, Natal et al. 2007, Meneguzzi et al. 2009, Rezende et al. 2009a, b, 2013,
Silvaetal. 2013). In the mountainous region of Espirito Santo, where sporadic
cases of malaria are notified, studies have incriminated Anopheles (Kerteszia)
cruzii Dyar & Knab, 1908 as the main vector of Plasmodium vivax (Grassi
& Feletti, 1890) (Rezende et al. 2009b, 2013). In the flat region, it is possible
incriminating Anopheles (Nyssorhynchus) darling Root, 1926 as a vector in
imported malaria cases (Meneguzzi et al. 2009, Silva et al. 2013). In addition,
there are several areas with potential occurrence of An. (Nys.) darlingi in the
State of Espirito Santo, which deserve additional studies to understand the
Anopheles Meigen, 1818 fauna (Meneguzzi et al. 2009).

Regarding Culicinae subfamily, studies mainly have focus in Aedes
(Stegomyia) aegypti (Linnaeus, 1762) (Varejao et al. 2005, Mendonga et al.
2011, Santos et al. 2011) and the knowledge on the occurrence of species
belonging to this subfamily in wild environment is scarce (Deane et al. 1968,
Alencar et al. 2004, Rezende et al. 2011). Therefore, studies on the Culicidae
fauna in Espirito Santo wild areas, mainly in flat areas, should be encouraged.

Considering the epidemiological importance of mosquitoes (Diptera: Culicidae)
and the lack of invertigations in the region, this study aims to characterize
and compare the diurnal fauna of mosquitoes in the Goytacazes National
Forest (GNF) and surrounding area, in the State of Espirito Santo, Brazil.

Material and Methods

1. Study Area

Samples in two ecologically distinct environments were collected:
1) forest environment represented by the GNF and 2) GNF adjacent
anthropic environment, represented by peridomicile occupied in general
by cocoa crops grown in cabruca agroforest system, where cacao trees are
planted under thinned-out native forests, and presenting human habitations
with the presence of attached livestock (pigsty, chicken coop and barn).

The GNF (19°28°017 S; 40° 04”18 W; elevation of 10 meters [a.s.1]) isa
unit of federal conservation, linked to the Chico Mendes Institute for Biodiversity
Conservation, which granted permission to carry out this research. The GNF
is located in Linhares, Espirito Santo, Southeast Brazil (Figure 1). It has an
estimated area of 1,423 hectares located between the Doce River and the
Federal Highway BR 101, lying about 1 kilometer from Linhares downtown.

The GNF is located about 30 km from the Vale Natural Reserve
and 50 km from the Sooretama Biological Reserve, representing the last
remaining Atlantic Forest of the Doce river alluvial floodplain (Rolim et al.
2006). The region has a tropical monsoon climate, according to Képpen-
Geiger’s climatic classification (Peel et al. 2007). Average temperatures
range from 11 to 18°C in the coldest months (June to August) and 30-34°C
in the warmer months (December to March), with about 1,200 mm of
annual rainfall (Hijmans et al. 2005).

2. Sampling

The collections simultaneously occurred in the forest and in the
peridomicile, between June 2008 and May 2009. In each environment,
it was used a modified Shannon trap (Shannon, 1939), of dimensions
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Figure 1. Collection sites (square — peridomiciliary environment; circle — forest environment represented of the Goytacazes National Forest) in the Atlantic Forest,

State of Espirito Santo, Southeastern Brazil.
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I mX 1 mX 1.9 m (topped with an overhanging square roof of side 1.6 m)
(Ferreira et al. 2001). The culicids were collected using a Castro manual
suction catcher and tubes impregnated with ethyl acetate. These samples
were collected once (one day) a month, from 15:00 to 18:00, with a total
exposure of 36 hours in each environment.

The collected specimens were sent to the Parasitology Laboratory
at the Federal University of Espirito Santo (UFES), and the
morphological identification followed the taxonomic criteria proposed by
Consoli & Lourengo-de-Oliveira (1994), Forattini (2002), and Marcondes
(2011). The abbreviations of genera and subgenera followed Reinert (2001).
A sample of the collected material was sent to the Entomology Laboratory
at the Public Health School of the University of Sdo Paulo, to confirm the
species identification. Lastly, we have deposited the collected material in
the entomological collection of Tropical Medicine Unit at UFES.

3. Climatic data

Climate precipitation data (mm?), average temperature (°C) and relative
humidity (%) were obtained from the National Institute of Meteorology
Station, located in the Capixaba Institute of Research, Technical Assistance
and Rural Extension (INCAPER), in Linhares, about 8 kilometers of
distance from the studied area.

4. Statistical analysis

The specific richness (S), evenness indexes (J), and Shannon diversity
indexes (H) were evaluated for each environment using PAST 2.09 software
(Hammer et al. 2001). In addition, it was used a Biostat 5.0 software to
evaluate the difference between the number of specimens collected in both
environments by Mann-Whitney statistical test and the association between
the climate data and the most abundant species in each environment by
Spearman nonparametric test. Differences were considered significant
when the probability (p) of error was less than 5% (p < 0.05). It was only
performed the analysis with specimens identified into specific level.

Results

A total of 1,490 culicids were collected (S =20, J = 0.58, H=1.74),
in which 1,483 specimens (99.5%) belonging to the subfamily Culicinae
and seven specimens (0.5%) belonging to the subfamily Anophelinae.
The Aedini and Sabethini tribes represented 76.0% of the total,
with 604 and 529 specimens, respectively (Table 1). The most abundant
genera were Aedes Meigen, 1818 (37.1%), Trichoprosopon Theobald,
1901 (28.0%) and Culex Linnaeus, 1758 (17.2%). These collected specimens
belong to 14 genera and 19 identified species (Table 1).

The most abundant species were Aedes (Ochlerotatus) scapularis
(Rondani, 1848), with 408 specimens (27.3%), Culex (Culex) nigripalpus
Theobald, 1901 with 230 specimens (15.4%), and Aedes (Ochlerotatus)
Sfulvus (Wiedemann, 1828), with 123 specimens (8.2%). Aedes (Ochlerotatus)
scapularis and Cx. (Cux.) nigripalpus were the most abundant species
in both studied environments and there was no significant difference in
the numbers of specimens between these two environments. The species
diversity (H = 1.95), species richness (S = 17), equitability index (J = 0.68)
and the number of collected specimens (n = 1,100) were higher in the
forest environment.

The species, Aedes (Ochlerotatus) taeniorhynchus (Wiedemann,
1821), Anopheles (Nyssorhynchus) evansae (Bréthes, 1926), Haemagogus
capricornii/janthinomys, Haemagogus (Conopostegus) leucocelaenus
(Dyar & Shannon, 1924), Psorophora (Janthinosoma) ferox (Humboldt,
1819) and Trichoprosopon digitatum (Rondani, 1848) were collected
exclusively in the forest environment, while Anopheles (Nyssorhynchus)
albitarsis Lynch-Arribalzaga, 1878, Anopheles (Nyssorhynchus) argyritarsis
Robineau-Desvoidy, 1827, Coquillettidia (Rhynchotaenia) chrysonotum
(Peryassu, 1922), Coquillettidia (Rhynchotaenia) venezuelensis (Theobald,
1912) and Mansonia (Mansonia) humeralis Dyar & Knab, 1916 were
collected only in the peridomicile.

In the forest environment, Ae. (Och.) scapularis showed a positive and
significant correlation with the monthly precipitation (R = 0.84; P=0.00)
and monthly average temperature (R =0.62; P=0.02). In the peridomicile,

Table 1. Number of mosquitoes (Diptera, Culicidae) collected in Shannon traps between June 2008 to May 2009 and ecological indices from two environments
(F = Forest; P = Peridomicile) at Goytacazes National Forest, municipality of Linhares, State of Espirito Santo, southeastern Brazil. (T = Total)

Number
F P T
Subfamily Anophelinae 3 4 7
Genus Anopheles
Anopheles (Nyssorhynchus) albitarsis Lynch-Arribalzaga, 1878 - 2 2
Anopheles (Nyssorhynchus) argyritarsis Robineau-Desvoidy, 1827 - 1 1
Anopheles (Nyssorhynchus) evansae (Brethes, 1926) 1 - 1
Anopheles (Nyssorhynchus) oswaldoi (Peryasst, 1922) 2 1 3
Subfamily Culicinae 1097 386 1483
Tribe Aedini 375 229 604
Genus Aedes
Aedes (Ochlerotatus) fulvus (Wiedemann, 1828) 111 12 123
Aedes (Ochlerotatus) scapularis (Rondani, 1848) 192 216 408
Aedes (Ochlerotatus) taeniorhynchus (Wiedemann, 1821) 11 - 11
Aedes spp.” 11 - 11
Genus Haemagogus
Haemagogus (Conopostegus) leucocelaenus (Dyar & Shannon, 1924) 3 - 3
Haemagogus (Haemagogus) capricornii/janthinomys 3 - 3
Haemagogus (Haemagogus) spegazzinii Bréthes, 1912 1
Genus Psorophora
Psorophora (Janthinosoma) ferox (Humboldt, 1819) 28 - 28
Psorophora spp. " 15 - 15

* Refers to damaged specimens, not being possible identified to species level.

http://dx.doi.org/10.1590/1676-0611-BN-2016-0250

http://www.scielo.br/bn



Biota Neotrop., 18(1): €20160250, 2018

Virgens, T.M. et al.

Table 1. Continued...

Number
F P T
Tribe Culicini 141 111 252
Genus Culex
Culex (Culex) nigripalpus Theobald, 1901 125 105 230
Culex spp. * 16 6 22
Tribe Mansoniini 61 36 97
Genus Coquillettidia
Coquillettidia (Rhynchotaenia) chrysonotum (Peryassu, 1922) - 5 5
Coquillettidia (Rhynchotaenia) shannoni (Lane & Antunes, 1937) 30 6 36
Coquillettidia (Rhynchotaenia) venezuelensis (Theobald, 1912) - 3
Genus Mansonia
Mansonia (Mansonia) humeralis Dyar & Knab, 1916 - 7 7
Mansonia (Mansonia) titillans (Walker, 1848) 27 15 42
Mansonia spp. " 4 - 4
Tribe Sabethini 519 10 529
Genus Johnbelkinia
Johnbelkinia sp.” 1 - 1
Genus Limatus
Limatus durhami Theobald, 1901 53 7 60
Limatus sp. " - 1 1
Genus Runchomyia
Runchomyia spp. " 22 - 22
Genus Sabethes
Sabethes sp. * 1 - 1
Genus Trichoprosopon
Trichoprosopon digitatum (Rondani, 1848) 21 - 21
Trichoprosopon spp. " 394 2 396
Genus Wyeomyia
Wyeomyia (Phoniomyia) spp. 23 - 23
Wyeomyia (Wyeomyia) spp. * 4 - 4
Tribe Uranotaeniini 1 - 1
Genus Uranotaenia
Uranotaenia sp.” 1 - 1
Total 1100 390 1490
Species richness (S) 17 14 20
Equitability index (J) 0.68 0.49 0.58
Shannon’s diversity index (H) 1.95 1.31 1.74

* Refers to damaged specimens, not being possible identified to species level.

Ae. (Och.) scapularis showed a positive and significant correlation with
monthly rainfall (R =0.68; P=0.01), and Cx. (Cux.) nigripalpus showed
a positive and significant correlation with relative humidity (R = 0.88;
P = 0.00). Results were not significant in other analysis of Ae. (Och.)
scapularis, Cx. (Cux.) nigripalpus, and climate data.

Discussion

The culicides fauna observed in the forest environment presented
a composition of bioindicators of anthropogenic areas, represented by
Ae. (Och.) scapularis and the Tribe Mansoniini species (Dorvillé 1996,
Guimardes et al. 2000, Cardoso etal. 2011), indicating that the area presents
a significant degree of environmental degradation, despite being a unit of
Atlantic Forest Federal Conservation.

The number of specimens of Anophelinae subfamily collected in
this study was relatively low. However, the occurrence of 4n. (Nys.)
albitarsis s.1., An. (Nys.) evansae and Anopheles (Nyssorhynchus) oswaldoi
(Peryassu, 1922), even in low frequency, presents epidemiological

http://www.scielo.br/bn

importance, due to the potential transmission of malaria by these species
(Consoli & Lourengo-de-Oliveira 1994, Forattini 2002). Silva et al. (2013),
in a study conducted in Sooretama Biological Reserve, in the State of
Espirito Santo, incriminated An. (Nys.) darlingi as a primary vector and
An. (Nys.) albitarsis s.1. as a secondary vector of malaria in the region.
Thus, the region has characteristics compatible with the re-emergence of
malaria, especially considering that the area has a potential risk of disease
transmission due to the occurrence of An. (Nys.) darlingi (Meneguzzi et al.
2009).

In relation to Culicinae subfamily, genera Aedes, Trichoprosopon and
Culex were the most abundant, respectively. Several species of Aedes and
Culex have epidemiological importance, once we can incriminate them in
the transmission of pathogens to humans and other animals (Consoli &
Lourengo-de-Oliveira 1994, Forattini 2002).

The three most abundant species observed in this study were Ae. (Och.)
scapularis, Cx. (Cux.) nigripalpus and Ae. (Och.) fulvus. Cardoso et al.
(2011) also observed the abundance of 4e. (Och.) scapularis and Cx. (Cux.)
nigripalpus in the Atlantic Forest from the State of Rio Grande do Sul.

http://dx.doi.org/10.1590/1676-0611-BN-2016-0250
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Aedes (Ochlerotatus) scapularis was the most abundant species in the
study area, and its occurrence in both environments seems to indicate that
this species has a higher degree of eclecticism in relation to their eating
habits, since it presents compatibility with both artificial and natural breeding
(Forattini 2002). In this context, it performs blood meal in peridomicile
and in the altered areas, and then it returns to the adjacent Atlantic Forest,
a place that serves as a shelter (Consoli & Lourengo-de-Oliveira 1994,
Forattini 2002). The species has vector competence for the transmission of
several arboviruses, such as Ilhéus virus, Rocio virus and the yellow fever
virus (Forattini 2002, Wilkerson et al. 2015). It also presented a positive and
significant correlation with the monthly rainfall in both studied environments,
which demonstrates that rain influences directly and positively in its density.

Culex (Culex) nigripalpus was the second most abundant species,
presenting no significant differences in the number of collected specimens
among the studied environment. This result can be explained by the presence
of chickens in peridomicile and high diversity of birds in the GNF, once
Cx. (Cux.) nigripalpus has an ornitophilic behavior (Guimaraes et al. 1987,
Consoli & Lourengo-de-Oliveira 1994, Forattini 2002). In this context, the
mosquito has a potential for transmission of some arboviruses, even if we
consider its low anthropophily (Laporta et al. 2008, Cardoso et al. 2011).

Aedes (Ochlerotatus) fulvus represented the third most abundant species,
being mainly collected in the forest environment. This is an essentially
wild species and possibly presents an association with the transmission
of arboviruses, including yellow fever (Consoli & Lourengo-de-Oliveira
1994, Forattini 2002, Fé et al. 2003).

Regarding Haemagogus spp., it was registered a low number of specimens.
However, the occurrence of Hg. (Con.) leucocelaenus and Haemagogus
(Haemagogus) spegazzinii Brethes, 1912 has a higher epidemiological
importance, due to its involvement with the transmission of wild-type
yellow fever (Forattini 2002, Vasconcelos et al. 2003). Rezende et al.
(2011) reported the occurrence of Hg. (Con.) leucocelaenus colonizing
artificial container (sectioned tire) in the same study area of our research.

Aedes (Ochlerotatus) taeniorhynchus is a common species in tide-affected
areas, where its immatures develop in brackish water (Forattini 2002).
Marcondes et al. (2012) collected winged specimens to evaluate the differences
on eggs kinds in Vitdria, Espirito Santo. The species has high flight capacity.
However, the species occurrence in the study area, distant about 40 km from
the Atlantic Ocean, appears to be associated with breeding present in the
area, which have fluid collections with some degree of salinity.

The data obtained in this study show that the occurrence of vector species
in the region increases the potential risk of several arboviruses, mainly due
to the occurrence of Ae. (Och.) scapularis, Ae. (Och.) fulvus, Hg. (Con.)
leucocelaenus and Hg. (Hag.) spegazzinii, species incriminated as vectors
of wild-type yellow fever etiological agents. These results demonstrate a
need for further entomological studies on bio-ecological aspects of local
fauna, including the possible spread to the anthropic environment.
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