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Abstract: The geographical distribution of leishmaniasis has undoubtedly expanded, and is now being reported to be
in areas that were previously non-endemic. This study therefore aimed to investigate whether there is any variation in
the structure and in the composition of phlebotomine communities along an environmental gradient - from a mesic to
a xeric environment, across different climatic periods (rainy and dry seasons). Furthermore, we test whether there were
differences in sex ratio of sand flies between wet and dry environments. A total of 535 specimens of sand flies belonging
to 18 species were recorded. Richness, abundance, and composition of species were significatively higher in the xeric
environment (semidecidual Forest) compared to the mesic environment (Riparina Forest). We unveiled site specific
differences in sand fly collections since the community composition changes with the geographic distance among the
sampling points. These results led to the conclusion that for sand flies species, the environmental conditions available
for each species could be different within the habitat taking into account the degree of humidity in the forest as well
as the climatic season (dry or wet). The present study gives a valuable contribution to the knowledge of sand flies, as
a group of insects, from the Atlantic Forest biome.
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Distribuicido da assembléia de flebotomineos (Diptera: Psychodidae) em um
gradiente ambiental

Resumo: A distribuicdo geografica das leishmanioses, sem divida, tem se expandido, e agora esta sendo relatada
em areas previamente consideradas como nao endémicas. Assim, este estudo teve como objetivo investigar se existe
alguma variagdo na estrutura e na composic¢ao das comunidades de flebotomineos ao longo de um gradiente ambiental
— em habitats classificados como mesicos e xericos, em diferentes periodos climaticos (chuva e seca). Além disso,
testamos se havia diferencas na razdo sexual entre ambientes mais umidos e mais secos. Um total de 535 espécimes
de flebotomineos pertencentes a 18 espécies foram registradas. Riqueza, abundancia e composi¢ao de espécies foram
significativamente maiores nos habitats xericos (Floresta semidecidual) em comparagdo com os habitats mesicos
(Floresta Ciliar). Revelamos diferengas especificas entre os habitats, nas assembleias de flebotomineos, uma vez que a
composi¢do da comunidade muda com a distancia geografica entre os pontos de amostragem. Estes resultados levaram
a conclusdo de que as condi¢des ambientais disponiveis para cada espécie de fletomonineo varia dentro do habitat,
tendo em conta o grau de umidade na floresta assim como a esta¢do climatica (seca-chuva). O presente estudo da uma
contribuic@o valiosa para o conhecimento da fauna de flebotomineos, no bioma Mata Atlantica.

Palavras-chave: Composicdo de espécies, ecologia, leishmanioses, Floresta Atlantica, Brasil

Article

Introduction

Phlebotomine sand flies are vectors of pathogenic organisms, such as
Leishmania, in many regions of Brazil, which has been a major endemic
focus of leishmaniasis for many years. The transmission of the Leishmania
parasite species to the vertebrate host, occurs when the vertebrate host is
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bitten by infected female sand flies (Sherlock 2003). The geographical
distribution of leishmaniasis has undoubtedly expanded, and is now
being reported in areas that were previously known to be non-endemic
(McCarthy et al. 2013).

The resting places of the adult sand flies vary, depending on the
species and to on the habitat conditions such as forest floor (litter fall),
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small shrubs and plants, mammal nests and burrows, as well as rock
crevices (Young & Duncan 1994). In general, the activity period of sand
flies ranges from dusk to dawn, and these insects remain at rest in natural
shelters during most part of the day.

Sand flies are very sensitive to environmental changes. In this regard,
soil type, land use and modification of natural habitats are critical factors
affecting changes in the vector, reservoir population densities, and risks
posed by leishmaniasis (Rangel & Lainson 2009).

The understanding of the variation in the community of phlebotomine
is of major importante due to the impact it causes in human health and
economy. One way of understanding these flies importance is through the
description of the variation in their communities in space and time. A better
understanding of beta-diversity patterns and their causes, demonstrates that,
it has important practical implications for biodiversity conservation as well
as the planning and interpretation of ecological research (Tuomisto et al.
2003). Unfortunately, there are very few surveys of the phlebotomine fauna
in natural systems that address beta-diversity, despite being fully aware of
the importance of these studies in increasing our knowledge of areas where
these insects can be found and in minimizing human contact with them.

We evaluated the influence and the relative importance of spatial and
environmental factors in explaining the variations on phlebotomine species

richness and composition. This study, therefore, aimed to investigate whether
there is any variation in the structure and composition of the phlebotomine
communities, along an environmental gradient — from Mesic (riparian
forest) to a xeric (se midecidual forest) environment and to determine
species richness and abundance in those environments. We hipotetize
that the richnes and abundance will be higher in mesic enviroments and
that the composition of the sand fly assemblage will be different with the
distance among the sampling areas.

Material and Methods

1. Study area

The study was carried out in fragments of forest on the Santo Antoénio
de Padua municipality, in the Rio de Janeiro state, Brazil (Figure 1).
The vegetation in the area consists of fragments of riparian forest (mesic
habitat)- along the Rio Pomba River, and small fragments of semidecidual
Atlantic forest located at the top of small hills (xeric habitat) (IBGE 1992).
The climate is classified into Koppens Aw Tropical (Alvares et al. 2013) with
dry winter. Total annual rainfall is high, around 1600 mm. Temperatures are
high throughout the year (average temperature is 26°C) with little variation.

Figure 1. Map showing collecting localities of sand flies at the Santo Antonio de Padua municipality, State of Rio de Janeiro, southeastern of Brazil. Coordinates in UTM.
The yellow pins represent the location for each transect. Source of Map: Google Maps Pro.
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2. Sampling

Four fragments of forest were selected for this study, being two of
riparian forests and two of semideciduous forests. In each fragment, insects
were captured in transects of 100 m (Figure 1). For the purposes of this
study, each transect has been categorized according to the vegetation type
— wet or mesic (riparian forest — hereafter, referred to as WE) and dry or
xeric (semideciduous forest — hereafter, referred to as DE).

Three HP light traps (Pugedo et al. 2005) were installed along each
of these transects, at 20 m intervals. The traps were installed at 6 pm and
collected at 6 am the following morning, in two sampling events — 14th to
18th February (wet season) and May 30th to June 3" 0f 2013 (dry season),
giving a total sampling effort of 72h/fragment. The collection was made
under ICMBIO permition (10717-1) conceived to Y.A.

The collected phlebotomines were cleared in 10% potassium hydroxide,
acetic acid, distilled water and lactophenol, and mounted in Berlese fluid
(Langeron 1949). They were later identified according to Young & Duncan
(1994) and Martins et al. (1978). Specimens with missing or damaged
characters that impaired identification at the specific level were considered
as Lutzomyia sp. The females belonging to Brumptomyia genera were not
identified at the specific level and were considered as Brumptomyia sp..

3. Statistical analyses

The relationship between the two types of environmental gradients
and the species richness and abundance of the specimens collected in
the fragments inside each environment was analyzed using a one-way
ANOVA. A t-test was used to determine whether the average male and
female abundance was statistically different. The specimens that where not
identified to the species level or morphotype, were considered as belonging
to one same species in the model.

Permutational Analysis of Variance (PERMANOVA) was used to
test the hypothesis which states that, the composition of sand flies varies
between gradients of humidity wet (WE) and dry (DE). The measure of
dissimilarity used was that of Bray-Curtis with 1,000 permutations, and in
measuring the dispersion of the data, multivariate analyses of Permutation
Distance (PERMDISP) were performed. The graphical representation of

the variation in the composition of sandflies assemblages between seasons
and among sampling units was illustrated by the analysis of Non-metric
Multidimensional Scaling (NMDS).

The relationship between geographic distance and similarity in species
composition, also known as the distance—decay in similarity relationship,
was analyzed using simple linear regressions. A distance-decay plots
was built (Nekola & White 1999), in order to analyze the variation in
the compositional similarity among pairs of sampling sites, in relation to
the geographic distance and to the climatic distance among these sites.
The geographic matrix was built using the Euclidean distance between
sites, based on their distances (in Km), and also using the Google Maps Pro.

Results

A total number of 535 phlebotomine specimens belonging to 18 species
were recorded (Table 1). The following species were captured: Brumptomyia
avellari (Costa Lima, 1932), B. guimaraesi (Coutinho & Barretto 1941),
B. nitzulescui (Costa Lima 1932), Lutzomyia capixaba Dias, Falcdo, Silva
& Martins 1987, Lu. cortelezzii (Brethes 1923), Lu. christenseni Young &
Duncan 1994, Lu. edwardsi (Mangabeira 1941), Lu. intermedia (Lutz &
Neiva 1912), Lu. lutziana (Costa Lima 1932), Lu. migonei (Franga 1920),
Lu. minasensis (Mangabeira 1942), Lu. pascalei (Coutinho & Barretto
1940), Lu. quinquefer (Dyar, 1929), Lu. sallesi (Galvao & Coutinho 1939),
Lu. sordellii (Shannon & Del Ponte 1927), and Lu. tupynambai (Mangabeira
1942). Lutzomyia intermedia accounted for 43% of all specimens sampled,
while Brumptomyia avellari and Brumptomyia sp. accounted for 37% of
sampled specimens. The remaining species together, accounted for 20%.

A total number of 294 males (55%) and 241 females (45%) were
collected (Table 1). Despite the proportion of male was slightly higher
than that of female (Table 1), we did not find any significant difference
between male and female abundance. The sexual ratio of the assemblage
was 1:0.8. The difference in sex ratio was higher in WE2 — for DE1 and
DES3, there is no difference (Figure 2A).

There was significant difference in species richness (ANOVA | | =5.07,
P=0.025) and abundance (ANOVA, | =7.34, P<0.001) within the sampling
sites (Figure 2B). Higher richness and abundance was found on transects
in xeric environments (Figure 2B).

Table 1. Sand flies species composition, total abundance and frequency, total abundance of male and female, of on wet and dry season, sampled in Santo Antonio de

Padua Municipality, RJ, Brazil.

Climatic station

SEX

Species Wet Dry g 5 Total (N) %
Brumptomyia avellari 80 20 100 - 100 18.7
B. nitzulescui 5 0 5 - 5 0.9
B. guimaraesi 15 3 18 - 18 33
Brumptomyia sp. 72 24 3 93 96 17.9
Lutzomyia capixaba 1 0 0 1 1 0.2
Lu. cortelezzii 5 0 2 3 5 0.9
Lu. christenseni 1 0 0 1 1 0.2
Lu. edwardsi 3 1 1 3 4 0.8
Lu. intermedia 226 4 146 84 230 43.0
Lu. lutziana 15 4 8 11 19 3.6
Lu. migonei 5 0 4 1 5 0.9
Lu. minasensis 1 0 1 0 1 0.2
Lu. pascalei 1 0 1 0 1 0.2
Lu. quinquefer 6 1 2 5 7 1.3
Lu. sallesi 2 1 3 0 3 0.6
Lu. sordellii 4 0 0 4 4 0.8
Lu. tupynambai 13 16 0 29 29 5.4
Lutzomyia sp. 4 2 0 6 6 1.1
Total 459 76 294 241 535 100
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Figure 2. Total abundance of male and female (A) and total richness and abundance
(B) of phlebotomine sand flies, and at the four sampling sites, Santo Antonio de Padua,
RJ, Brazil. DE - Dry environment, WE — Wet environment. Bars are means + SE.

The level of pairwise similarity among the 11 sand flies communities
sampled, was highly variable, ranging from 0% to 73% (Bray—Curtis index,
mean = 33.8%), considering the presence or absence of all recorded species.
Similarity in the composition of sand flies species among the different
pairs of transects decayed as function geographic distances among sites
(r=-0.42, P<0.01) (Figure 3).

During the wet season, 459 specimens belonging to all 18 sampling
species (85.7%) were collected while during the dry season, 76 individuals
(14.3%) belonging to 10 species (Table 1) were collected. The two most
abundant species during the wet season were L. intermedia and B. avellari.
In dry season, Brumptomyia sp., B. avellari and L. tupynambai were the
most abundant (Table 1).

The composition of sand flies species varied between xeric and mesic
habitats (Permanova, R>=0.2293, P=0.038; Permidisp, F=5.72, p<0.03)
(Figure 4). The similarity in species composition between dry and wet climatic
period was 55%. The NMDS analyzes show that even the transects on the
same area present different composition of species (Figure 4), however,
there is a clear spatial separation on species composition, between xeric and
mesic environments. The species with the widest distribution, which were
found in 10 out of 13 transects, both in mesic and xeric were B. avellari
and L. intermedia are responsible to group sampling sites DE1 with all WE.

Discussion

The number of species found in this study can be considered high.
Currently, the sand fly fauna of Rio de Janeiro State has 65 species,
belonging to the genera Brumptomyia (8 spp.) and Lutzomyia (57 spp.)
(Carvalho et al. 2014). It is important to notice that the richness could be
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Figure 3. NMDS showing the species composition of phlebotomine sand flies in
transects in Dry Enviroments (DE) and Wet Enviroments (WE), Santo Antonio de
Padua, RJ. Brazil.

Inter site similarity in specie composition

o ame o0
0 1 2 3 4 5 6 7 8 9 10 11
Distance (Km)

Figure 4. Decay in the similarity of phlebotomine sand flies assemblages in relation
to the geographic distance between sampling sites. Geographic distance is the distance
in km between pair sites. Similarity in orchid-bee species composition is based on
the Bray—Curtis index of similarity. Line represent the logarithmic regression curve.

higher, ifthe 96 individuals of Brumptomyia could be identified to the species
level. To the best of our knowledge, only the occurrence of L. intermedia
had been reported in the study area (Rangel et al. 1984). Yet, the report of
L. intermedia and L. migonei in such areas is important because these species
are known to be vectors of cutaneous leishmaniasis agents (Lainson 1985,
Pita-Pereira et al. 2005). Lutzomyia intermedia seems to play an important
role in the transmission mechanism of American Cutaneous Leishmaniasis,
due to their high degree of antrophofily and abundance, in many Brazilian
regions, including Rio de Janeiro (Rangel & Lainson 2009), where it has
been found to be naturally infected with Leishmania, presumably L. (V)
braziliensis (Rangel et al. 1984). According to Carvalho et al (2014) the
lists of sand flies of the state of Rio de Janeiro, shows records of sand fly
species from 46 municipalities. Otherwise the lists corresponds to only
50% of the 92 municipalities of Rio de Janeiro State, and that some other
species could certainly be found in other areas with future studies.

The abundance of male and female, considering the whole assemblage,
is almost 1:1. However, between sites, and seasons, there were significant
differences. On WEI, we found the highest proportion of males, compared
to females. The higher proportion of males in the population have been
previously reported and this corroborates the results obtained in studies
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involving sampling of phlebotomines using light trap (Dye et al. 1991,
Barata et al. 2004, Rosario et al 2017). For example, male sand flies are
attracted to plants as a source of sugar meals. Plants also provide suitable
resting, breeding and mating sites for males (Rangel & Lainson 2009).

In the present study, species richness varied a little among different
environments on the same category of humidity, although, there were some
differences in species composition between them. Indeed, some species are
only present in a single site, at a very low density. The capture of certain
species in a reduced number and their presence in only one of the studied
areas, leads us to believe that among sand flies, differentiated degrees of
adaptability might occur in disturbed environments and in isolated habitats
due to land use expansion (Ready et al. 1983). Other studies showed a
similar pattern; the phlebotomine fauna is composed of a few dominant
species and a large number of species with few individuals (see Silva et
al 2010, Barata et al 2011, Rosario et al 2017). Further studies must be
undertaken, so as to evaluate the impact of anthropogenic environment
on the wild flora and fauna of these ecosystems, by considering aspects of
behavior, physiology and dispersion of these insects, in order to elucidate
the changes, as to the dominance and the composition of the entomological
fauna observed in the present study.

It was expected that on WE, the abundance of sand flies would be
higher than the driest environment, due to its proximity to the river. While
certain sand fly species exhibit local extinctions, others are predicted to
adapt successfully as well as increase their relative abundance in modified
habitats. That is the case of L. intermedia and L. whitmani, found in our
study. Rangel and Lainson (2009) reported and relate environmental changes
to the modification on phlebotomines habitat. All of these factors also affect
the spatial and temporal distribution of vectors and reservoirs, which in
turn, affect the epidemiology and dynamics of pathogen transmission to the
human population. It is important to note that, contrary to the semidecidual
fragments of forest sampled in this study, the remnants of Riparian Forest
are heavily impacted by human activities and most part of the forest have
been completely converted into pastures or agriculture fields (Yasmine
Antonini, pers. obs). The same result was found in other studies in forest
fragments (Azevedo et al. 2011). According to Martin & Rebélo (2006), this
low frequency may be associated with various factors, such as the absence
of a source of blood meals and shelters around the vicinity of the collection
points, and the small area of influence of the light traps (5 m) (Dye et al.
1991). Nonetheless, some species exist naturally at very low densities,
and their populations can, therefore, suffer considerable reductions in
size of small fragments, making them more vulnerable to local extinction.

The species composition changes from the wet to the dry season, and also
among sampling sites. The low similarity is an evidence of high seasonality
of the assemblage. Lutzomyia intermedia, for example, is very seasonal,
presenting a higher abundance during wet season. Regarding seasonality,
previous studies also reported a higher frequency of L. intermedia in wet
and warmer months (Gouveia et al. 2012). Lutzomyia migonei, L. lutziana
and Brumptomyia sp. were also found in higher abundance during this
period. It can be concluded that the seasonal distribution of phlebotominae
vectors could be influenced by the characteristics of their environment
(Barata et al. 2011).

The low similarity between pairs of habitats, taking into account, the
distance, was expected, and our results are in agreement with a growing
body of evidence (Ruokolainen et al. 2007; Vasconcelos et al. 2010)
which demonstrates that environmental gradients affect the turnover of
plant species and invertebrates stronger in the tropical forests than in
geographic gradients.

Studies in which the environment was managed to reduce contact
with phlebotominae vectors, indicate that the environment can influence
seasonal and spatial distributions of vectors (Gouveia et al. 2012, Souza et al.
2015). In the present study, B. avellari and L. tupynambai are projected
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to have the greatest increase in range size over time, perhaps due to the
higher abundance both in DE and WE. The generalist behavior on habitat
selection, which was formerly reported for other sand flies species should
also be considered (Souza et al. 2015). Brumptomyia species are broadly
distributed in America, occurring mainly in forested areas and constitute
the group of sand flies commonly associated with armadillo burrows
(Martins et al. 1978).

The results presented demonstrated a very dissimilar composition of
sand flies in the two habitats (wet and dry). We found that there are site
specific differences in sand fly collections. These observations led to a
conclusion that environmental conditions available for each species could
be different across the environments, taking into account the degree of
humidity. The result of this analysis could be explained by the behavioral
differences that exist between the most abundant species of the two
environments.

The entomologic biodiversity of the Atlantic Forest, the most impacted
vegetation type in Brazil, is not completely known and for sand flies,
there are few studies. According to the Fundacdo SOS Mata Atlantica,
the remnants of forest in Rio de Janeiro State is less than 10% of the
original Biome. The findings presented in this study make up the first
information regarding the sand fly fauna found in these forest fragments
in the Atlantic Forest and contribute to the knowledge on this insect group
distribution, as well as to the better understanding of the leishmaniasis
vector epidemiology in the Southeastern region. The present study brings
an important contribution to the knowledge of sand flies, as a group of
insects and the potential threats imposed by them in animal population due
to disease transmission, in the the Atlantic Forest biome. It also creates
more awareness on the importance of maintaining these forest areas for
the balance of the entomological populations and their interaction with
the neighboring community.
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