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Abstract

The monthly distribution and abundance of sand flies are influenced by both biotic and abi-

otic factors. The present study aimed to evaluate the seasonal distribution of sand flies and

the relation between their abundance and environmental parameters, including vegetation

and climate. This study was conducted over a 2-year period (April 2012 to March 2014).

Monthly distribution was evaluated through the weekly deployment of CDC light traps in the

peridomicile area of 5 residences in an urban area of the municipality of Corumbá in the

State of Mato Grosso do Sul, Brazil. Meteorological data were obtained from the Mato

Grosso do Sul Center for Weather, Climate, and Water Resources. The spectral indices

were calculated based on spatial resolution images (GeoEye) and the percentage of vege-

tal coverage. Differences in the abundance of sand flies among the collection sites were

assessed using the Kruskal-Wallis test, and the strength of correlations between environ-

mental variables was determined by calculating Spearman’s correlation coefficients. Lutzo-

myia cruzi, Lu. forattinii, and Evandromyia corumbaensis were the most frequently found

species. Although no significant association was found among these sand fly species and

the tested environmental variables (vegetation and climate), high population peaks were

found during the rainy season, whereas low peaks were observed in the dry season. The

monthly distribution of sand flies was primarily determined by Lu. cruzi, which accounted
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for 93.94% of the specimens collected each month throughout the experimental period.

The fact that sand flies were detected year-round indicates a continuous risk of infection to

humans, demonstrating the need for targeted management and education programs.

Introduction

The monthly distribution and abundance of sand flies is influenced by both biotic and abiotic
factors. Temperature, humidity, and rainfall exert a direct influence on sand fly populations,
with effects being dependent on the region, weather, and species analyzed [1–4].

Geospatial tools, geographic information systems (GIS), and geostatistics have facilitated
studies on how health, the environment, and socioeconomic conditions are related with the
temporal and spatial distributions of different diseases and vector populations [2,5–8]. Such
studies have provided important information for health surveillance, providing data for moni-
toring and mapping risk factors, as well as providing better descriptions, understanding, and
predictions of geographic distribution [5,7,8].

Different spectral indices, which are calculated from the relationship of different bands of
satellite images, allow us to obtain specific information about land cover, such as the presence
of urbanized areas or bodies of water, vegetal coverage, and leaf area [9,10]. Use of data
obtained from satellite images, such as the normalized difference vegetation index (NDVI), has
allowed the identification and monitoring of vegetation diversity, as well as the determination
of geographical space and areas at risk of endemic diseases, such as visceral and cutaneous
leishmaniasis, and how they affect vector populations [2,6,7,11,12].

In South America, the spatial distribution pattern of Lutzomyia longipalpis is positively
associated with the presence of vegetation in the peridomestic environment [3,13]. In Europe,
Asia, and Africa, weather data and remote sensing have been used to predict the geographic
and seasonal distribution of Phlebotomus spp., with these spatial variables being strongly corre-
lated with species presence [11,12,14].

This study aimed to evaluate the seasonal distribution of sand flies, as well as to investigate
possible associations between the most abundant species and environmental variables related
to vegetation and climate.

Materials and Methods

Study Area

This study was conducted in the urban area of the municipality of Corumbá,which is located
in the northeastern part of the State of Mato Grosso do Sul, Brazil, in the region of the Pantanal
wetland, on the border of Bolivia and adjacent to the Paraguay River (19° 000 33@ʹ S; 57° 390 12@

O; 118 m above sea level; Fig 1). The urban region of the municipality was considered to be
that characterized by continuous buildings and the existence of social infrastructures for basic
urban functions (e.g., housing, work, recreation, and circulation). According to the Brazilian
Institute of Geography and Statistics, the municipality was estimated to be inhabited by a pop-
ulation of 108,010 in 2014, with a demographic density of 1.60 inhabitants/km2, 90% of which
resided in the urban area [15].

The urban area of the municipality is located in a mountainous region known as Morraria
do Urucum, in an area of submontane deciduous forest. The predominant vegetal coverage is
the Brazilian Cerrado, which is a savannah-like biome typical of the Pantanal wetland [16].
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According to the Köppen classification system, the climate of the municipality of Corumbá
is tropical (Aw) and megathermal, with a dry winter and wet summer [17]. The dry season
runs from April to September, and the rainy season runs from October to March [18].

Sand Fly Collection

Sand flies were collectedweekly from April 2012 to March 2014 using CDC automatic light
traps. The sampling sites consisted of the peridomiciliaryareas of 5 residences located in neigh-
borhoodswhere at least 1 human case of visceral leishmaniasis was reported in 2011 (Fig 1).
Table 1 summarizes the characteristics of each sampling site. Two traps were deployed in each
sampling site between 17:00 and 07:00 the next morning. Sampling time per trap was 1,050 h,
and the total sampling time was 105,000 h.

The specimens were identified according to the classification system of Galati [19]. Generic
names were abbreviated according to Marcondes [20]. All males collected during the 2 two
years, as well as females collected during the first 6 months of 2012, were slide-mounted for
identification. Thereafter, collected females that did not have blood in their gut were dissected,
and identified on the basis of their spermatheca characteristics. These females were then placed
in 1.5-mL microtubes with isopropyl alcohol to determine the presence of Leishmania DNA,
the results of which are described by Oliveira et al. [21].

Vegetal Coverage and Impervious Surface Areas

From August 20, 2012, GeoEye-1 satellite images with 0.4-m resolution were used as the carto-
graphic basis to determine the environmental variables of vegetation and impervious surface
areas (ISAs), both of which are found within the urban environment. The images were ortho-
rectified and geometrically corrected using a defined projection and datum. The projection
used was the Universal Transverse Mercator, southern hemisphere, Zone 21 and the datum
was WGS84.

These bands were combined to generate a multispectral image from which atmospheric cor-
rection could be performed to calculate NDVI, normalized difference water index (NDWI),

Fig 1. Spatial distribution of sand fly sampling sites in the urban area of Corumbá, Mato Grosso do

Sul, Brazil. Numbers 1–5 indicate sand fly sampling sites (neighborhoods): 1 = Center; 2 = Maria Leite;

3 = Cristo Redentor; 4 = Popular Nova; 5 = Nova Corumbá. The urban area of the municipality of Corumbá is

represented by a GeoEye image in false-color composition RGB 432 (20/08/2012). Note: the map of Brazil

(and the shapefile used to generate it) used for the elaboration of Fig 1 was extracted from the database of

public domain of the Brazilian Institute of Geography and Statistics (http://mapas.ibge.gov.br/bases-e-

referenciais.html).

doi:10.1371/journal.pone.0165155.g001
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and ISA around the sand fly collection points, with buffers of 100 and 200 m. These procedures
were performed using the software PCI Geomatica 9.1 [22].

NDVI values ranged from -1 to +1, and were calculated using the following equation pro-
posed by Rouse et al. [23]:

NDVI ¼
ðNIR � RÞ
ðNIRþ RÞ

in whichNIR is the reflectance of vegetation in the near infrared band and R is the reflectance
of vegetation in the red band.

The NDVI of each sampling site was stratified to obtain variables related to landscape attri-
butes at different scales, such as habitat complexity (mean NDVI) and heterogeneity (standard
deviation of NDVI) [3]. Habitat complexity is defined as the density and development of the
vertical stratum in a particular unit of area, while habitat heterogeneity is the structure of the
vegetation on the horizontal plane [24].

NDWI values also ranged from -1 to +1, and were calculated from the following equation
proposed by McFeeters [25]:

NDWI ¼
ðGREEN � NIRÞ
ðGREEN þ NIRÞ

in whichNIR is the reflectance of vegetation in the near infrared band and GREEN is the reflec-
tance of vegetation in the green band.

Table 1. General characteristics of sampling sites.

Residence

(neighborhood)

General characteristics Domesticated animals

(number)

Centro (1)

• Located in commercial center of the city;

• Large peridomicile area with large to medium-sized trees, some of which are fruit trees;

• Sampling site closest to Paraguay River (approximately 500 m).

• Dogs (2)

• Chicken (1)

Maria Leite (2)

• Located in northeastern outskirts of the city;

• Larger peridomicile area in comparison to other sites; large and medium-sized trees, some of

which are fruit trees.

• Dogs (2)

• Chickens (15a)

• Geese (5)

• Ducks (3)

Cristo Redentor (3)

• Located in southeastern periphery of the city;

• Peridomicile area limited by the ridge of the hills covered with native vegetation, with some

small trees.

• Dog (1)

Popular Nova (4)

• Located in southeastern periphery of the city;

• Smaller peridomicile area in comparison to the other sites;

• Two medium-sized fruit trees.

• Dog (1)

Nova Corumbá (5)

• Located in southern periphery of the city;

• Peridomicile area limited by a ridge of hills covered with native vegetation, with small and

medium-sized trees, some of which are fruit trees.

• Dogs (5)

• Chickens (4)

• Cats (3)

aThe number of chickens at this residence varied throughout the study but was always greater than 15.

doi:10.1371/journal.pone.0165155.t001
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ISA is the degree of impermeability of the soil, which was calculated from the equation by
Carlson and Arthur [26]:

ISA ¼ 1 �
ðNDVI � NDVI0Þ

ðNDVIS þ NDVI0Þ

� �2
" #

dev

in whichNDVI0 is the NDVI for exposed soil and NDVIS is the NDVI for dense vegetation.
The term dev indicates that the formula is only appropriate for regions classified as urban, with
numbers closer to 1 indicative of greater impermeability.

Percent tree canopy cover (vegetal coverage) in each sampling site was estimated using a
point intercept spherical densiometer. This equipment consists of a square convex mirror with
36 vertices that reflect the woody vegetation coverage in 4 directions (north, south, east, and
west), with each observation occurring at 90° rotation in relation to the previous point [27].
The arithmetic mean of the data collected for all 4 directions was calculated to determine the
percentage of vegetal coverage using a simple rule of 3. At each collection point, 5 random
measurements were made.

Meteorological Data

The climate data for the study periodwere extracted from the Mato Grosso do Sul Center for
Weather, Climate, and Water Resources (www.cemtec.ms.gov.br), which is linked to the Bra-
zilian National Meteorological Institute. Daily readings of temperature, relative air humidity,
rainfall, and wind velocity were obtained. For temperature and humidity, mean daily readings
were considered 7, 15, and 30 days prior to the collection date. Similar methods were used to
determine rainfall; however, accumulated (sum) values, rather than mean values, were used.

Statistical Analysis

Descriptive measures such as the geometricmean (Williams means, Mw) [28,29], arithmetic
mean, median, standard deviation, minimum, and maximum were calculated to describe the
total number of specimens collected and the 3 most abundant species. The hypothesis of equal-
ity of proportional distribution of the total number of specimens and the total of the 3 most
abundant species at each collection site for both sexes were assessed using the Kruskal-Wallis
test.

The Wilcoxon test was used for comparisons of the absolute frequencies of the total number
of sand flies and of the 3 most abundant species stratified by sex and season (dry or rainy).

The association betweenmeteorological variables and the absolute frequency of sand flies
was evaluated using the Spearman correlation coefficient.The same analysis was used to mea-
sure the degree of linear relationship between the number of species observed and the environ-
mental variables (vegetation and ISA) under study.

The analysis was conducted using R software version 3.3.0 [30] and by employing a 5%
(α = 0.05) significance level.

Ethical Statement

This study received the approval of the Animal Experimentation Ethics Committee of the Fed-
eral University of Mato Grosso do Sul (Brazil), under process number 491/2013. The research
group has a permanent license for the collection of zoologicalmaterial, issued by the Brazilian
Institute of the Environment and Renewable Natural Resources (IBAMA: SISBio 25952–1).
Field studies were carried out on 5 private properties, the owners of which gave permission to
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conduct the study in their respective peridomiciliaryareas. In addition, the field studies did not
involve any endangered or protected species.

Results

A total of 750 weekly collections were performed from April 2012 to March 2014, through
which 14,317 specimens of sand flies were caught: 7,370 specimens during 390 collections in
the first year and 6,947 specimens during 360 collections in the second year. The specimens
were distributed among 8 genera (Brumptomyia, Evandromyia, Lutzomyia, Micropygomyia,
Martinsmyia, Nyssomyia, Psathyromyia, and Sciopemyia) and represented 13 species (Table 2).
This study provides the first report of Ny. whitmani in the study region.

Table 3 presents the descriptive measures for the total number of sand flies caught and the 3
most abundant species at each collection site. In all cases (total and species analysis), the Krus-
kal-Wallis test revealed that the monthly arithmetic mean differed between the collection sites,
with one or more sites standing out in terms of sand fly abundance. Geometricmeans (Wil-
liams means, Mw) demonstrated the same result. Owing to these differences, the total number
of sand flies was analyzed in a conditional manner.

Lu. cruziwas the most frequently collected species, accounting for 93.94% of the total, fol-
lowed by Lu. forattinii (3.22%) and Ev. corumbaensis (1.76%). This ranking of abundance was
found at all collection sites. Proportionally, males were significantly more abundant than
females (W = 65,797; p< 0.001). This proportion held true when analyzing the 3 most frequent
species separately: Lu. cruzi (W = 66,444.50; p< 0.001), Lu. forattinii (W = 48,327.0; p = 0.006),
and Ev. corumbaensis (W = 38,346.50; p< 0.001).

The geometricmeans of monthly distribution of Lu. cruzi, Lu. forattinii, and Ev. corum-
baensis and the monthly arithmetic means of the climate variables (except rainfall, which was
considered in terms of monthly accumulation) are presented in Fig 2. Throughout the study
period, the annual average temperature was 26.24°C, the annual average relative air humidity

Table 2. Absolute frequency of sand flies according to sex, sampling site (neighborhood), and species richness of the sampling site.

Species Sampling site Total

Centro Maria Leite Cristo Redentor Popular Nova Nova Corumbá

♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀
Br. brumpti - - - - - - - - 2 2 4

Ev. aldafalcaoae 2 3 - 1 1 - - - - 1 8

Ev. cortelezzii - 1 - 1 - 1 - 2 - 2 7

Ev. corumbaensis 9 48 8 22 21 63 10 27 8 36 252

Ev. sallesi 1 5 3 7 3 3 - 2 - 2 26

Ev. walkeri 1 1 - 1 - - - - - 2 5

Lu. cruzi 3,100 548 4,004 417 1,151 233 389 100 2,996 511 13,449

Lu. forattinii 14 9 17 12 158 61 3 10 63 114 461

Mi. peresi 1 2 1 2 23 9 7 4 11 8 68

Mt. oliveirai - - - 1 12 3 3 3 1 4 27

Ny. whitmani - - - - - - - - - 1 1

Pa. bigeniculata - - - - 2 1 - - - 1 4

Sc. sordellii - - - 1 - 1 - 1 - 2 5

Total 3,128 617 4,033 465 1,371 375 412 149 3,081 686 14,317

Species richness 8 10 10 8 13 -

Br: Brumptomyia; Ev.: Evandromyia; Lu: Lutzomyia; Mi: Micropygomyia; Mt: Martinsmyia; Ny.: Nyssomyia; Pa.: Psathyromyia; Sc.: Sciopemyia.

doi:10.1371/journal.pone.0165155.t002
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Table 3. Descriptive measures of total number of sand flies, as well as populations of Ev. corumbaensis, Lu. cruzi, and Lu. forattinii, with respect

to sampling site (neighborhood).

Species Sampling site Arithmetic mean Williams mean Standard deviation Median Minimum Maximum p-valuea

Ev. corumbaensis (F)

Centro 0.64 0.33 1.28 0 0 8 0.142

Cristo Redentor 0.84 0.37 1.87 0 0 10

Maria Leite 0.29 0.17 0.67 0 0 3

Nova Corumbá 0.48 0.25 1.00 0 0 4

Popular Nova 0.36 0.20 0.86 0 0 6

Total 0.52 0.27 1.22 0 0 10

Ev. corumbaensis (M)

Centro 0.12 0.07 0.43 0 0 2 0.035

Cristo Redentor 0.28 0.17 0.58 0 0 2

Maria Leite 0.11 0.07 0.39 0 0 2

Nova Corumbá 0.11 0.07 0.39 0 0 2

Popular Nova 0.13 0.08 0.53 0 0 4

Total 0.15 0.09 0.47 0 0 4

Ev. corumbaensis (MF)

Centro 0.76 0.36 1.50 0 0 9 0.083

Cristo Redentor 1.12 0.48 2.20 0 0 12

Maria Leite 0.40 0.24 0.74 0 0 3

Nova Corumbá 0.59 0.30 1.13 0 0 5

Popular Nova 0.49 0.26 1.11 0 0 6

Total 0.67 0.33 1.44 0 0 12

Lu. cruzi (F)

Centro 7.31 1.41 10.13 3 0 38 <0.001

Cristo Redentor 3.11 0.91 5.74 1 0 40

Maria Leite 5.56 1.17 12.03 2 0 93

Nova Corumbá 6.81 1.32 12.13 3 0 65

Popular Nova 1.33 0.59 1.88 0 0 8

Total 4.82 1.08 9.51 1 0 93

Lu. cruzi (M)

Centro 41.33 2.45 96.50 15 0 750 <0.001

Cristo Redentor 15.35 1.55 34.94 2 0 192

Maria Leite 53.39 2.58 112.04 17 0 689

Nova Corumbá 39.95 2.36 64.65 8 0 310

Popular Nova 5.19 1.20 8.08 2 0 48

Total 0.00 0.00 0.00 0 0 0

Lu. cruzi (MF)

Centro 48.64 2.69 103.60 22 0 787 <0.001

Cristo Redentor 18.45 1.81 39.95 4 0 232

Maria Leite 58.95 2.73 117.22 18 0 696

Nova Corumbá 46.76 2.58 73.79 11 0 361

Popular Nova 6.52 1.37 9.18 4 0 53

Total 35.86 2.24 81.54 7 0 787

Lu. forattinii (F)

Centro 0.12 0.06 0.57 0 0 4 <0.001

Cristo Redentor 0.81 0.36 1.85 0 0 12

Maria Leite 0.16 0.10 0.49 0 0 3

Nova Corumbá 1.52 0.34 6.63 0 0 54

Popular Nova 0.13 0.08 0.47 0 0 3

Total 0.55 0.19 3.14 0 0 54

(Continued )
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was 67.43%, and the accumulated rainfall was 2,312.80 mm3. Table 4 presents the climatic vari-
able data. No significant association was found between the absolute frequencies (total and per
species) of sand flies and meteorological variables, even after considering all assessed deriva-
tions (daily mean of the collection date and means measured at 7, 15, and 30 days prior to each
collection date). In the analysis of abundance according to season, only Ev. corumbaensis
females failed to confirm the hypothesis of equality between seasons (W = 503,50; p = 0.05).
However, 4 high population peaks were found in the rainy season and 2 smaller population
peaks were found in the dry season for Lu. cruzi. Likewise, 2 population peaks were found in
the rainy season for both Lu. forattinii and Ev. corumbaensis.

Table 3. (Continued)

Species Sampling site Arithmetic mean Williams mean Standard deviation Median Minimum Maximum p-valuea

Lu. forattinii (M)

Centro 0.19 0.08 1.00 0 0 8 <0.001

Cristo Redentor 2.11 0.62 4.45 0 0 24

Maria Leite 0.23 0.14 0.56 0 0 3

Nova Corumbá 0.84 0.37 1.82 0 0 10

Popular Nova 0.04 0.02 0.26 0 0 2

Total 0.68 0.24 2.33 0 0 24

Lu. forattinii (MF)

Centro 0.31 0.12 1.46 0 0 12 <0.001

Cristo Redentor 2.92 0.83 5.32 1 0 25

Maria Leite 0.39 0.22 0.84 0 0 4

Nova Corumbá 2.36 0.56 7.91 0 0 64

Popular Nova 0.17 0.10 0.53 0 0 3

Total 1.23 0.37 4.47 0 0 64

Total (F)

Centro 8.23 1.57 10.65 4 0 39 <0.001

Cristo Redentor 5.00 1.20 8.59 2 0 60

Maria Leite 6.20 1.27 12.69 2 0 98

Nova Corumbá 9.13 1.50 17.42 4 0 107

Popular Nova 1.99 0.76 2.58 1 0 12

Total 6.11 1.26 11.69 2 0 107

Total (M)

Centro 41.71 2.48 96.52 16 0 750 <0.001

Cristo Redentor 18.28 1.82 38.02 4 0 204

Maria Leite 53.77 2.60 112.64 17 0 696

Nova Corumbá 41.08 2.45 65.96 9 0 320

Popular Nova 5.49 1.25 8.40 3 0 51

Total 32.07 2.12 76.31 6 0 750

Total (MF)

Centro 49.93 2.80 103.90 24 0 789 <0.001

Cristo Redentor 23.28 2.14 44.91 7 0 264

Maria Leite 59.97 2.77 118.16 19 0 704

Nova Corumbá 50.21 2.72 79.58 18 0 427

Popular Nova 7.48 1.50 9.79 5 0 57

Total 38.18 2.38 83.40 10 0 789

a Kruskal-Wallis test; F = females; M = males; MF = sum of males and females; Ev: Evandromyia; Lu: Lutzomyia.

doi:10.1371/journal.pone.0165155.t003
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Table 5 presents the vegetation and ISA indices obtained though remote sensing, and the
percentage of vegetal coverage calculated using a spherical densiometer. No significant associa-
tion was found between the absolute frequencies of sand flies and any of the studied variables,
including habitat complexity and habitat heterogeneity.

Discussion

Although the first case of human visceral leishmaniasis was recorded in 1911 [1,31] in the
Porto Esperança district of the municipality of Corumbá, studies on sand fly fauna in this city
only began in the 1980s [32,33]. During this period, 12 species were identified, with Lu. cruzi
and Lu. forattinii being the most abundant in urban areas [8,32–34]. Lu. longipalpis was

Fig 2. Monthly distribution of Lu. cruzi, Lu. forattinii, and Ev corumbaensis and the monthly

arithmetic mean of the climate variablesa in Corumbá, Mato Grosso do sul, Brazil, between April

2012 to March 2014. a Rainfall was considered in terms of monthly accumulation.

doi:10.1371/journal.pone.0165155.g002
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Table 4. Descriptive measures of meteorological variables in Corumbá, Mato Grosso do Sul, between April 2012 to March 2014.

Variable Arithmetic mean Standard deviation Median Minimum Maximum

Temperature

Collection day 26.10 3.97 27.04 13.77 34.08

Previous 7 25.71 2.99 26.50 17.75 32.56

Previous 15 25.61 2.57 26.10 19.59 31.14

Previous 30 25.65 2.30 25.96 21.40 29.60

Humidity

Collection day 65.76 14.08 69.46 33.38 89.00

Previous 7 66.61 12.21 68.55 37.55 85.54

Previous 15 66.71 11.56 69.48 36.92 85.33

Previous 30 66.68 9.94 69.53 42.47 81.81

Rainfall

Collection day 0.55 2.65 0.00 0.00 21.00

Previous 7 16.27 27.46 2.80 0.00 168.00

Previous 15 26.74 35.96 11.80 0.00 170.40

Previous 30 73.11 68.99 49.40 0.00 273.00

Wind

Collection day 15.16 5.67 14.76 0.00 35.64

doi:10.1371/journal.pone.0165155.t004

Table 5. Descriptive measures of environmental variables in relation to sampling site, in Corumbá, Mato Grosso do Sul, Brazil.

Variable Sampling site

Centro Cristo Redentor Maria Leite Nova Corumbá Popular Nova

VC (%) 79.34 40.83 57.90 77.34 50.83

NDVI (buffer 100 m)

Mean -0.01 0.01 -0.06 -0.02 -0.09

SD 0.23 0.18 0.18 0.17 0.18

NDVI (buffer 200 m)

Mean -0.04 -0.01 -0.07 -0.02 -0.07

Standard deviation 0.23 0.18 0.18 0.15 0.18

NDWI (buffer 100 m)

Mean -0.12 -0.18 -0.15 -0.18 -0.13

SD 0.20 0.15 0.15 0.15 0.16

NDWI (buffer 200 m)

Mean -0.11 -0.17 -0.14 -0.19 -0.13

SD 0.20 0.14 0.15 0.13 0.16

ISA (buffer 100 m)

Mean 0.76 0.83 0.79 0.82 0.73

SD 0.25 0.18 0.21 0.20 0.23

ISA (buffer 200 m)

Mean 0.73 0.83 0.75 0.83 0.75

SD 0.26 0.18 0.22 0.18 0.23

VC: vegetal coverage; SD: standard deviation; NDVI: normalized difference vegetation index; NDWI: normalized difference water index; ISA: impervious

surface areas.

doi:10.1371/journal.pone.0165155.t005

Biotic and Abiotic Factors Related to the Abundance of Sand Flies

PLOS ONE | DOI:10.1371/journal.pone.0165155 October 26, 2016 10 / 17



reported in Corumbá city [35]. However, none of the subsequent studies detected this species,
only recording the predominance of Lu. cruzi [8,36,37].

The vector competence of Lu. cruzi for Leishmania (L.) infantum has been demonstrated,
and is also suspected to hold for L. (L.) amazonensis [38]. Furthermore, Lu. forattinii is an
anthropophilic species [33] that is naturally infected by L. (L.) infantum in the municipality of
Corumbá [36]. The presence of Ny. whitmani is now also being reported in the urban area of
Corumbá. This species is associated with the transmission of Leishmania spp. in many regions
of Brazil [39,40], and was thought to exist only at a low frequency in a rural area of Corumbá
[41]. This finding underscores the need for the periodicmonitoring of sand flies and studies of
reservoirs of this parasite. Such studies could help identify possible population peaks of Ny.
whitmani and the presence and circulation of L. (Viannia) braziliensis in the study area.

The appearance of a new record of species in the composition of sand fly fauna in urban
areas of Corumbá and the accompanying increase in the abundance of Lu. cruzimay have
occurreddue to the increased of the municipality, among other factors [8]. According to Ran-
gel and Vilela [42], environmental changes caused by human activities alter the distribution of
vectors and parasites, which influence the epidemiology of leishmaniasis. Casaril et al. [8] sug-
gested that certain factors might explain observed changes to the composition of sand fly fauna
and the persistence of visceral leishmaniasis in the municipality. Such factors include deforesta-
tion, extractivist activity, the presence of rural settlements, and the disorderly occupation of
hills covered with native vegetation with no planning.

The descriptive analysis of the absolute frequency of specimens showed that ecotopes in
which the largest number of sand flies were captured contained chicken coops in their perido-
micile areas (Tables 1 and 2). The published literature also shows that chickens attract sand
flies [43–46]. Chicken coops and pigpens are recognized as resting places for adults of both
sexes, where females also take their blood meals. Further, these ecotopes provide shade, mois-
ture and soil with organic matter providing suitable conditions for breeding sites of the imma-
ture flies [47–49]. Teodoro et al. [46] showed that twice the number of sand flies (testing 8
species) could be captured in environments containing chickens compared to those without.
Ximenes et al. [50] showed that the presence of domesticated animals and low cleanliness of
local conditions help maintain high population densities of sand flies.

The presence of more Lu. cruzimales than females may be explained by behavioral differ-
ences feeding and copulation. It has been suggested that males are more active at searching for
hosts. After finding hosts, males release sexual pheromones that attract females [51,52]. This
behavior has not been recorded for Lu. forattinii or Ev. corumbaensis, despite the presence of
tergal papillae on their tergites by which the sexual pheromones are released.

Lu. cruzi and Ev. corumbaensis were caught in all months of the 2-year study period. Lu. for-
attinii was caught in all months, except February 2013. The population peaks found in both the
rainy and dry seasons demonstrate the adaptive nature of Lu. cruziwith respect to variations in
the climate and urban environment. Likewise, the 2 population peaks for Lu. forattinii and Ev.
corumbaensis also support this adaptive behavior. In Corumbá city, the mean monthly temper-
ature remains higher than 25°C almost year-round. Variation in rainfall allowed the rainy and
dry seasons to be clearly defined.However, relative air humidity minimally oscillated, despite
having a standard deviation ranging from 14.08 to 11.56, possibly because the urban area of the
municipality is adjacent to the Paraguay River. Moreover, there was a change in the hydrologi-
cal regimen of this river in 2014, with the flood period, (which normally occurs from January
to March) being recorded from January to June.

Ev. corumbaensis was the only species that was significantly associated with the rainy sea-
son. The abundance of this species has not been found to be related to meteorological variables
in other regions of Brazil. The tendency toward greater abundance in the rainy season has been
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reported for Lu. longipalpis in the northeastern, central western, and southeastern regions of
the country [1,4,44,53]. This trend has also been recorded for Lu. cruzi in Corumbá [33] and in
the municipality of Jaciara, State of Mato Grosso, Brazil [54]. However, these insects have also
been found during the driest months [55,56]. Ev. corumbaensis, the third most abundant spe-
cies collected in this study, along with Ev. sallesi, Ev. cortelezzii and Ev. spelunca, forms a spe-
cies complex for which human attractiveness is unknown. Further, Ev. corumbaensis not being
found to be naturally infected by Leishmania. However, the other 3 species of the complex
have been found naturally infected with Leishmania, or Leishmania DNA, in wild-caught
female, has been detected [57–59]. These facts may indicate the importance of the complex in
maintaining the wild cycle of Leishmania.

A number of studies on the seasonal distribution of insects have evaluated the relationship
(either descriptively or statistically) between sand fly abundance and meteorological variables.
However, most of these studies have only considered monthly mean temperature and humidity
or monthly accumulated rainfall. Yet, such approaches do not always reflect the actual meteo-
rological conditions, which may be associated with and/or exert an influence on the abundance
and behavior of different arthropods. In the present study, a different approach was employed,
in which the climate readings on each collection day (e.g., wind velocity) were used to assess
the frequency and behavior of adults [4,60,61]. The mean values of these conditions were
recorded at 7, 15, and 30 days before each collection date to evaluate factors that may influence
sand flies during their immature phases and during adulthood. This approach was important
because: (1) the climate variables of the micro-habitats used as breeding sites are influenced,
albeit on a smaller scale, by the external environment and environmental conditions and (2)
the mean development time of immature forms of Lu. cruzi ranges from 26 to 30 days in the
laboratory setting [62]. Although no statistically significant associations were found with this
approach, it was evident that Lu. cruzi, Lu. forattinii, and Ev. corumbaensis tend to be more
abundant in the rainy season.

Studies on the diversity and distribution of species of sand flies provide key elements for
clarifying the epidemiology of leishmaniasis [33,39,45]. Field studies combined with geo-
technologies and different spatial analysis methods allow these insect populations to be moni-
tored. Such approaches facilitate the identification of focal points where vector species are
abundant or the identification of new potential vectors. This approach also allows the spatial
distribution of reservoirs and hosts to be described.All of these parameters may be related to
the presence, quantity, and type of vegetation in a given area and period of time [63,64]. The
use of geotechnologies has allowed environmental characteristics to be identified in areas
where visceral leishmaniasis is endemic. Such areas tend to support both human populations
and large numbers of sand flies. Thus, other areas with similar environmental characteristics
might represent a similar risk of Leishmania infecting humans and domesticated animals [3].

In the State of Mato Grosso, Brazil, a high abundance of Lu. cruzi has been found in munici-
palities near the Pantanal wetlands and Cerrado biome, suggesting that these areas are the pre-
ferred environments for these species [65]. A similar abundance has been found in the
municipality of Corumbá,where the predominant vegetation cover is that of the savanna (Cer-
rado) biome typical of the Pantanal wetland [8,33,34].

In the present study, remote sensing was used to evaluate vegetation and ISAs using radio-
metric indices. The percentage of vegetal coverage or phytomass was measured directly in the
field with a spherical densitometer. Neither method showed any significant association
between total abundance or abundance by species and the quantitative indices of phytomass,
wetness, and ISAs. Consequently, the landscape attributes (habitat complexity and habitat het-
erogeneity) determined from the NDVI did not influence on the abundance and distribution of
Lu. cruzi. This result contradicts that reported for Lu. longipalpis in Campo Grande city, State
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of Mato Grosso do Sul [3]. However, just 5 locations were sampled in the current study, which
might not be representative of the entire study area and might not reflect the relationships
among these variables accurately.

Even without any correlation to species abundance, spectral indices and percentages of veg-
etal coverage are of considerable importance to entomology, because the analysis of vegetation
allows indirect factors that influence the behavior of sand flies to be evaluated, including tem-
perature, relative air humidity, luminosity, and altitude [66]. Andrade et al. [67] showed the
importance of evaluating the wetness of vegetation using the NDWI. This is becauseNDWI is
related to the water content of the vegetation and the soil, which is directly related to the devel-
opment of immature forms of the insect, as the larval stages of sand flies require a wet
environment.

This study used a GeoEye image obtained during the dry season in an area of submontane
deciduous forest (which loses more than 50% of its leaves in the dry season) [16]. This
approach may have influenced the values of the 3 spectral indices, particularly when sampling
sites close to the hills, which contain this type of vegetation. In sampling sites where the buffers
did not include mountains, the primary type of vegetation was more likely to be riparian forest,
which does not lose as much of its leaf cover and is more like a sheet, or urban vegetation,
which is usually arboreal. These factors may influence the abundance and diversity of sand flies
and other insects. Although the use of images obtained in the dry season may have limited the
study, their use in this study was justified because phytophysiognomies are more distinct in the
dry period.

The present study aimed to evaluate the relationship between the abundance of medically
important insects and environmental factors, including meteorological variables. Such studies
should consider how interactions among these variables are related to local/individual charac-
teristics of the analyzed ecotopes. Failure to consider such relationships could lead to inade-
quate or incomplete measurements and interpretations. A recent review considered on the
impact of environmental, climatic, and social changes on vector-related infectious diseases [5].
This review highlighted the levels of complexity involved in describing and predicting the
impact of climate changes on the transmission of infectious agents by vectors. While it is
acknowledged that climate patterns directly affect the abundance of vectors and the transmis-
sion of infectious agents. However, the authors stressed that this influencemay be significantly
altered by non-climatic (epidemiological, environmental, social, economic, and demographic)
confounding factors that camouflage the actual magnitude and spatial extension of transmis-
sions at different scales.

The seasonal distribution of sand fly species demonstrated in the present study was primar-
ily represented by the number of specimens of Lu. cruzi that were caught, accounting for
93.94% of the total. Monthly variation showed that Lu. cruzi exhibits considerable plasticity,
with it being found in all collectionmonths, including the dry and rainy seasons, in the munici-
pality of Corumbá. Thus, there is a risk of infection throughout the entire year, with periods
when the risk is greater. Lu. cruzi, the reconized vector of L. (L.) infantum and Lu. forattinii,
also a probable vector of this parasite, were found in all the areas investigated. The sampling
site located in Centro neighborhoodpresented the highest Williams mean for Lu. cruzi, reflect-
ing both high frequencies and evenness in the collections. The sampling sites located in Nova
Corumbá and Cristo Redentor neighborhoodspresented the highest Williams mean for Lu.
forattinii. Thus, it seems that these three areas may offer greater risk for the transmission of vis-
ceral leishmaniasis. This result underscores the need for improved planning and decision mak-
ing to control visceral leishmaniasis, as well as the need to adopt environmental health
education practices targeted at the local population.
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