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Abstract

The sand fly fauna in Hipólito Yrigoyen, Argentina, a locality where cutaneous leishmaniasis cases occur, was 
surveyed with zones of higher abundance of sand flies correlated to vegetation cover estimated through normalized 
difference vegetation index (NDVI). Sand flies were collected with 10 CDC traps during six nights, from December 
2009 to January 2010. A map was built of expected sand flies abundance in which levels of NDVI were categorized. 
In total, 1,392 Phlebotominae (Diptera: Psychodidae) specimens were collected, comprised of the following species: 
Nyssomyia neivai (Pinto 1926), Migonemyia migonei (França 1920), species of the cortelezzii complex (Brèthes 
1923), Evandromyia sallesi (Galvão & Coutinho 1940), and Psathyromyia shannoni (Dyar 1929). Positive correlations 
were found between the abundance of sand flies and the NDVI (P < 0.05) for buffer areas of <150 m radii from the 
trap location points, i.e., the sand fly abundance was greater where vegetation cover and density were greater. In 
this context, plant cover should be taken into account to prioritize surveillance and control areas within the program 
of sand flies control in northern Argentina.

Key words:  phlebotomine, leishmaniasis, normalized difference vegetation index

The Psychodidae family, subfamily Phlebotominae has a global dis-
tribution, and includes species of medical interest, which are vec-
tors of different types of leishmaniasis (Salomón 2009). Among the 
species described for Argentina, eight are found in the province of 
Salta: Nyssomyia neivai (Pinto, 1926), Migonemyia migonei (França, 
1920), Psathyromyia shannoni (Dyar, 1929), Psathyromyia puncti-
geniculata (Floch & Abonnenc, 1944), Evandromyia cortelezzii 
(Brèthes, 1923), Evandromyia sallesi (Galvão & Coutinho, 1940), 
Lutzomyia longipalpis (Lutz & Neiva, 1912), and Micropygomyia 
quinquefer (Dyar, 1929) (Salomón et al. 2001, 2004, 2008; Barroso 
et  al. 2007; Salomón 2009; Bravo et  al. 2013; Krolewiecki et  al. 
2013; Quintana et al. 2013).

Originally associated with forested areas that had dense vege-
tation, the transmission cycle of cutaneous leishmaniasis (CL) has 
changed, to now also being associated with urbanized environments 

in many countries in Latin America (Walsh et al. 1993, Campbell-
Lendrum et al. 2001, Yadon et al. 2003). Yet, sand flies inhabiting 
urban environments have still been associated with ‘green spaces’ 
(Mikery Pacheco et  al. 2015) and peridomiciles (Ontivero et  al. 
2018), where vegetation presumably provides refuge and acts as 
‘islands’ through which these insects can disperse to feed and repro-
duce. Females of most sand fly species oviposit in cool, moist habitat 
with decaying debris where their larvae develop, and thus they are 
more likely found in moist and shadowy places like those offered 
by trees (e.g., holes, barks, fallen trunks) (Kravchenko et al. 2004, 
Queiroz et al. 2012).

The spatial or temporal variation in regional or local vegeta-
tion cover, estimated through the normalized difference vegetation 
index (NDVI), has been used as a ‘proxy’ for environmental fac-
tors associated with some vector populations and diseases (Tourre 
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et al. 2008, Cerbino Neto et al. 2009, Gleiser 2016). In a rural area 
within an Atlantic Forest-dominated locality in Pernambuco, Brazil, 
Nyssomyia whitmani (Antunes & Coutinho, 1939) abundance was 
positively associated with the NDVI (Donalisio et al. 2012). Plants 
absorb much of the visible light and reflect almost all the radiation 
in the infrared spectrum. The reflected radiation is exploited using 
remote sensing to highlight the differences in absorption and reflec-
tivity in the ground cover. This allows building the NDVI and esti-
mation of the spatial variation of vegetation cover. Since this index 
only considers differences between the visible and infrared spectrum, 
it does not allow to differentiate between plant species or vegetation 
types. Furthermore, the fact that NDVI is an indicator of vegeta-
tion cover and density, it indirectly provides information of a series 
of conditions such as temperature, humidity, refuge, and resources, 
such as food availability (Gleiser 2016).

Hipólito Yrigoyen is a city of approximately 10,300 inhabit-
ants (Instituto Nacional de Estadísticas y Censos de la República 
Argentina (INDEC 2010), in the northwest of Argentina. It is located 
near National Highway Number 50, an important route of com-
mercial transport and communication between northwest Argentina 
with Bolivia. Every year there are cases of CL along the swath asso-
ciated with this highway (Hoyos et al. 2016), yet there are no for-
mal studies of the sand fly fauna in Hipólito Yrigoyen. This work 
describes the sand fly fauna in Hipólito Yrigoyen and its spatial dis-
tribution within the urban-wild area. We chose NDVI as a surrogate 
(‘proxy’) to vegetation because of the relative ease to obtain indi-
rectly holistic variables that have been shown to be useful to map or 

describe seasonal fluctuations in several insects of medical relevance 
(see references in Gleiser 2016).

Materials and Methods

Study Area
Hipólito Yrigoyen (Department of Orán, Salta province; 23°14′S - 
64°16′W; Fig. 1) is 285 m above sea level and comprises an expanse of 
approximately 206 km2. Founded in 1948, it is considered the young-
est city of Salta province. The area is included within the limits of the 
Yungas Man and Biosphere Reserve of UNESCO (Lomáscolo et al. 
2010). The Yungas are high biodiversity biomes, subtropical mon-
tane moist or rain forests on the eastern slopes of the southern Andes 
(Brown et al. 2005, Brooks 2018) that are characterized by a strong 
altitudinal gradient. Hipólito Yrigoyen is located in the Pedemontane 
rain forest floor, the climate is subtropical, with average maximum 
and minimum temperatures of 32.4°C (January) and 9.1°C (July), 
respectively, and mean annual rainfall of 1,000 mm. The locality has 
been subjected to ecological modifications related to human activi-
ties, mainly urbanization, agriculture, and forestry, and has important 
sugar cane production activities. To the north and east of the city bor-
der, it is covered by modified natural vegetation, while to the west and 
south there is mostly sugar cane farming. The dominant vegetation 
in the remnant patches of wild forest is represented by the following 
trees: Phyllostylon rhamnoides (J. Poiss.) Taub., Calycophyllum mul-
tiflorum Griseb. (Castelo), Patagonula americana L., Anadenanthera 
macrocarpa (Benth.) Brenan, Parapiptadenia excelsa (Griseb.) Burkart, 

Fig. 1. (A) Location of study area in Argentina and South America. (B) Sampling sites using CDC light traps in Hipólito Yrigoyen Municipality, Salta province, 
Argentina. (C) Environmental characteristics of the study area.
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Tipuana tipu (Benth.) Kuntze, Myroxylon peruiferum L.f., Cedrela 
angustifolia Sessé & Moc. ex DC., Myracrodruon urundeuva F.F. & 
M.F. Allemão, Tabebuia avellanedae Lor. ex Griseb., Chlorophora 
tinctoria (L.) Gaud., Enterolobium contortisiliquum (Vell.) Morong, 
Acacia aroma Gillies ex Hook. & Arn., Tessaria integrifolia Ruiz & 
Pav., Salix humboldtiana Willd., Jacaranda mimosifolia D. Don., and 
Handroanthus impetiginosus (Mart. ex DC.) Standl. There are also 
numerous herbs, lianas, and epiphytic plants (Cabrera 1971).

The urban landscape is represented by one-story constructions, 
with (40–100 m2) backyards and smaller front yards. Vegetated 
zones consisting of lawns/grasses and scattered trees characterize the 
house backyards, scattered vacant lots (usually up to 300 m2 area), 
and parks or plazas typically expanding 1 ha. The forested zones 
in the city differ from the overall surrounding natural areas due 
to a higher prevalence of exotic species and a more open canopy 
cover. The dominant vegetation in the urban areas is represented by 
a combination of gardening plants, lawn grasses, and ornamental 
(native or exotic) trees such as C. tinctoria (L.) Gaud., T. avellanedae 
Lor. ex Griseb., E. contortisiliquum (Vell.) Morong, Anadenanthera 
peregrina (L.) Speg., Citrus limon (L.) Burm. f., Citrus sinensis (L.) 
Osbeck., Ligustrum lucidum W.T. Aiton, Melia azedarach L., Persea 
americana var. americana, and Mangifera indica L.

Sampling and Processing Specimen
Phlebotominae sampling was carried out from 10 December to 12 
December in 2010 and from 4 January to 6 January in 2011 (a total 
of six nights), at 10 sites (Fig. 1; Table 1). In total, 10 CDC minia-
ture light traps (www.JohnWHock.com) were used simultaneously, 
one per sampling site, from 7:00  p.m. to 7:00 a.m. so as to col-
lect maximal numbers of these crepuscular and nocturnally active 
insects (Fuenzalida et  al. 2011). The only attractant used was the 
trap light (without other lure). There is no evidence of species with 
diurnal activity in the area. The traps were set outdoors hanging 
from tree branches, the bottom of the trap approximately 1 m above 
the ground. Captured specimens were preserved in 70% ethanol and 
subsequently identified to species based on morphological charac-
teristics of cibarius and spermatheca (females) and genitalia (males) 
(Young and Duncan 1994, Barroso et al. 2007). Selection of sampling 
sites was done using a grid of 10 × 6 quadrants (200 × 200 m each 
approximately). Of these 60 quadrants, 10 were randomly selected 
to perform the sampling. Within each of the selected quadrants, the 
collection site was chosen based on the accessibility and intention of 
the home owners to participate. Coordinates of sampling sites were 
taken with GPS (Global Positioning System, Garmin eTrex Vista®).

Normalized Difference Vegetation Index
An NDVI image was obtained from Landsat 5 (scale 1:250,000, 
path: 231 and row: 76; product date: 11–19 December 2010; Google 
Earth Engine: https://explorer.earthengine.google.com/#index) to 

assess whether there was an association between the abundance 
of sand flies and vegetation density, using IDRISI Selva software 
(Eastman 2012). The NDVI is calculated taking advantage of the 
differential characteristics of the red band (Band 3) that is given by 
the absorbance of chlorophyll pigment and the near-infrared band 
(Band 4) that is highly reflected by the plant materials:

 NDVI
Band Band
Band Band

= −
+

4 3
4 3

This index ranges between −1 and 1; high NDVI values correspond 
to higher vegetation cover and/or vegetation density or biomass.

Circular buffer areas of 50, 100, 150, and 200 m radius around 
the sampling sites were generated to explore effects of local scale 
on vegetation-abundance associations. Radii wider than 200 m were 
not considered so to avoid overlapping between sampling sites. The 
average NDVI of each circular buffer area was obtained using the 
tool ‘statistic zone’ of QGIS software (QGIS 2.18.0-Las Palmas). The 
projection used was POSGAR 98/Argentina 4, EPGS: 22174.

Statistical Analysis
To assess if vegetation density and sand flies abundances were related, 
correlation analysis was carried out between the number of sand flies 
collected (sum of the number of sand flies for 6 days) and the average 
NDVI per site (at each spatial scale) using the Spearman’s rank corre-
lations test (R 3.3.2; R Development Core Team 2008). Correlation 
analyses were conducted using the 10 samples sites for each species 
and for all sand flies grouped together.

To assess whether sand flies abundance was higher near wild veg-
etation patches, sites were grouped in two categories: ‘near’ included 
sites 1–4 and 8 located >50 m from a natural forest patch, and ‘far’ 
grouped sites 5–7 and 9–10 located >200 m from a natural green 
patch. Sand flies abundances (total or per more abundant species) 
were compared between near and far sites using generalized linear 
models (GLMs) (Poisson link function).

Results

In total, 1,392 sand flies were collected, of which 695 were female. 
Species collected were: Ny. neivai (71.84%), Mg. migonei (11.71%), 
Ev. sallesi-cortelezzii complex (10.27%), Ev. sallesi (1.58%), Pa. 
shannoni (0.72%) (Table 2) and 31 specimens (3.88%) that could 
not be identified to the species level (due to partial destruction of the 
specimens). Ny. neivai and Ev. sallesi-cortelezzii complex were found 
in different abundances at each of the sampling sites. Abundance 
was higher in sampling sites located near wild vegetation (P < 0.05) 
(Fig. 2). Also, the proportion of gravid females did not differ between 
sites on the criterion of being located close or far from a natural for-
est patch (P > 0.05).

Table 1. Descriptions of sand fly collection sites in Hipólito Yrigoyen, Argentina

Site Characteristics

1 Tree path on a house front yard next to park like vegetation (camping area) and in close proximity (<50 m) to native rain forest
2

Pedemontane rain forest with typical trees, numerous herbs, lianas, and epiphytic plants
3
4 House backyard covered by trees, shrubbery, and herbs
5 House backyard in urban neighborhood with low plant cover, next to sugar cane plantations
6 Backyard in informal settlement with scarce plant cover, mainly scattered and small trees, shrubbery, and herbs
7 Backyard in informal settlement with scarce plant cover, mainly shrubbery and herbs next to sugar cane plantations
8 Backyard with large plant cover (trees, shrubs, herbs)
9 Backyard in urban neighborhood with large ornamental or fruit bearing trees
10 Backyard in urban neighborhood with low or absent plant cover
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Specimens of Ny. neivai were collected at every sampling loca-
tion. The lower abundance values were recorded in sites 5, 7 (next 
to sugar cane farming), and site 10 (center neighborhood lacking 

vegetation in backyards). The higher abundance was found in the 
wild vegetation area where sites 1, 2, and 3 were located (Fig. 2B; 
Tables 1 and 2).

Fig. 2. Sand fly abundance per site: (A) total sand flies, (B) Ny. neivai, (C) Mg. migonei, (D) cortelezzii complex, and (E) Pa. shannoni.

Table 2. Absolute number of sand flies captured per sampling site in Hipólito Yrigoyen, Salta, Argentina

Site Ny. Neivai Mg. migonei Ev. cortelezzii complex Pa. shannoni Not identified Total

1 124 44 24 5 6 203
2 307 26 43 1 5 382
3 447 30 25 0 13 515
4 12 3 13 0 0 28
5 7 0 4 0 0 11
6 21 8 23 0 0 52
7 7 4 10 0 0 21
8 40 43 31 2 2 118
9 28 3 12 0 5 48
10 7 2 3 2 0 14
Total 1,000 163 188 10 31 1,392
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Migonemya migonei (Fig.  2C) and the Ev. cortelezzii complex 
(Fig. 2D) showed a similar spatial pattern but with lower abundance 
variations compared to Ny. neivai. The only sites where Mg. migonei 
was not found were sites 5 and 9, where the traps were located in the 
backyard of houses with little vegetation cover, and site 5 was also 
next to a sugar cane field (Tables 1 and 2).

Positive significant correlations were found between the NDVI 
and total sand flies, Ny. neivai, and Mg. migonei abundances for 
buffer areas with radii smaller than 150 m (Table 3). As the radii 
increased, there was lower variation (i.e., smaller min–max range) in 
NDVI values between sites, which might explain loss of significance.

Based on the distribution of total sand flies abundance according 
to the NDVI at 100 m buffer area (selected due to higher correla-
tion values), we defined arbitrarily two levels of sand flies presence: 
low = NDVI ≤ 0.37 and high = NDVI > 0.37 (Figs. 3 and 4). The 
NDVI break value (0.37) was selected due to the relatively sudden 
change in slope in the graph shown in Fig.  3. The mean sand fly 
abundance for increased NDVI values was significantly higher than 
the mean abundance for the lower NDVI values (P = 0.027), using 
nonparametric test. Higher or lower NDVI cutoff values resulted 
in two groups of very different sizes in terms of numbers of sites 
included. A map (Fig. 4) resulting from a reclassification of an NDVI 
image based on these categories shows that for a large part of the city 
there is a low chance of coming in contact with sand flies. However, 
there are patches with high vegetation cover in the south and center 
of the city that show high levels of NDVI, suggesting a higher prob-
ability of contact with a species of sand fly in those areas.

Discussion

This work provides the first description of sand fly fauna presence, 
spatial distribution, and abundance for Hipólito Yrigoyen, a locality 
of northwest Argentina in the Yungas biome. Similar species compo-
sition have been reported for other localities in the province of Salta 
(Salomón et al. 2001, 2004, 2008; Barroso et al. 2007; Krolewiecki 
et al. 2013; Quintana et al. 2013).

Although the number of cases of CL in Argentina have increased 
since 1985 (Salomón et al. 2006, Gil et al. 2010), knowledge of the vec-
tor status of suspected sand fly species (as defined in Killick-Kendrick 
1990) is still incomplete due to insufficient studies. Laboratory stud-
ies on the sand flies incrimination (for the species found in this study) 
in the transmission of Leishmania parasites are scarce (Nieves and 
Pimenta 2000, Saraiva et al. 2009, Guimarães et al. 2016). Even the 
CL primary wild reservoirs in northern Argentine are still unknown. 
All species described in this work show some degree of anthropoph-
ily (de Aguiar et al. 1987, Rangel et al. 1990, Hashiguchi et al. 1992, 
Salomón et al. 1995, Marassá et al. 2013, Paternina et al. 2016) and 
therefore at least raise the possibility of being vectors. In addition, 

the distribution of CL human cases with the presence of these species 
of sand flies is a basis indicating that at least one of the species is a 
competent vector in nature (Salomón et al. 2001, 2008; Sosa-Estani 
et al. 2001; Gil et al. 2010; Krolewiecki et al. 2013; Quintana et al. 
2013; Locatelli et al. 2014; Hoyos et al. 2016).

In the province of Chaco, Argentina, the cortelezzii complex 
was proposed as possible vector of CL as it was found naturally 
infected with Leishmania (Viannia) braziliensis (Rosa et al. 2012). 
In Hipólito Yrigoyen, sand flies from the cortelezzii complex were 
captured in every sampling site.

In this work, Mg. migonei was the second most abundant spe-
cies after Ny. neivai. Migonemyia migonei is also suspected of being 
a vector of CL, considering it was found naturally infected with 
L. (V.) braziliensis in Brazil (de Pita-Pereira et al. 2005). In Puerto 
Iguazú, Argentina, the species was found for the first time infected 
by L. infantum (Moya et al. 2015), the etiological agent of the vis-
ceral leishmaniasis (VL), and in an outbreak of VL in the province of 
Santiago del Estero in Argentina, the absence of Lu. longipalpis led 
to the proposal of Mg. migonei as the putative vector (Salomón et al. 
2010). In a similar situation, Mg. migonei and cortelezzii complex 
(Lu. cortelezzii/Lu. sallesi) were the only species detected together 
with human and canine infections of L. infantum in the department 
of San Martin, Salta (Barroso et al. 2015).

Nyssomyia neivai was the dominant sand fly species in Hipólito 
Yrigoyen, amounting to more than 70% of the specimens collected. 
This species has been found naturally infected with Leishmania spp., 
L. (V.) braziliensis, and with a consistent spatial distribution with 
all sites of CL transmission studied in the north of Salta (Salomón 
et  al. 2001, 2004; Córdoba-Lanús et  al. 2006; Pita-Pereira et  al. 
2009). The abundance of Ny. neivai is usually reported as highest in 
borders of primary vegetation near modified areas (Quintana et al. 
2010, Krolewiecki et al. 2013). It has also been found in periurban 
places and peripheral neighborhoods of urban areas bordering with 
primary and secondary vegetation (Salomón et al. 2004, Gil et al. 
2010). Consistently, in Hipólito Yrigoyen, the abundance of this spe-
cies was highest in sampling sites close to natural remaining vegeta-
tion, as opposed to more central urbanized sites. The fact that Ny. 
neivai, Mg. migonei, and E. sallesi-cortelezzii complex were found 
mostly near natural cover remnants, but also at other sites depending 
on vegetation cover in Hipólito Yrigoyen, highlights a potential for 
the transmission of leishmaniasis in this locality.

Overall average NDVI values for each sampling site were simi-
lar between buffer radii because larger buffer included values from 
lower buffers. However, variations in NDVI values between sites 
were more evident at more local scales, because at larger spatial 
scales the urban landscape may be more homogeneous (Philpott 
et  al. 2014). Consistently, correlation analysis between sand flies 
abundance and NDVI showed higher correlation coefficients for 

Table 3. Correlations between average abundance of sand flies and average NDVI values within four buffer areas around the sampling site

Abundancesa

Buffer area

50 m 100 m 150 m 200 m

Total sand flies 0.71 (0.03) 0.72 (0.03) 0.61 (0.07) 0.42 (0.21)
Ny. Neivai 0.64 (0.04) 0.69 (0.02) 0.56 (0.09) 0.4 (0.25)
Mg. Migonei 0.75 (0.01) 0.71 (0.03) 0.58 (0.08) 0.38 (0.27)
Ev. cortelezzii-sallesi 0.59 (0.08) 0.56 (0.09) 0.48 (0.15) 0.28 (0.39)
NDVI mean (range) 0.35 (0.22–0.54) 0.35 (0.23–0.52) 0.36 (0.23–0.50) 0.36 (0.23–0.48)

Spearman’s rank correlation coefficient and P-value (in parentheses) are shown. Also shown are mean NDVI and minimum–maximum range per buffer area.
aPsathyromyia shannoni was excluded from this table since its abundance was too low to attempt meaningful correlations.
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the 50 or 100 m radius buffer areas compared to wider areas (200 
m radius). Yet, sand flies abundances were higher in sites located 
closer to natural forest patches that could act as source habitat. Site 
4, which corresponds to an isolated small patch of wild vegetation 
(NDVI of 0.4), may have shown a low abundance of sand flies due 

to its small size and proximity to the sugar plantations, which receive 
periodic fumigations (see habitat map in Fig. 1C).

Although we cannot ensure which conditions and resources deter-
mined the significant positive correlation between Ny. neivai, Mg. 
migonei abundances, and the vegetation cover, we can suggest that 

Fig. 3. Sand fly abundance in relation with average NDVI obtained from buffers of 100 m radius around sampling sites, for (A) total sand flies abundance, (B) 
Ny. neivai, (C) Mg. migonei, and (D) cortelezzii complex.

Fig. 4. Map of two levels of NDVI that use categories chosen from Fig. 3 to show levels of low and high probability to find sand flies. The value 0.72 was the 
maximum NDVI in the chosen Landsat scene.
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the higher humidity, nectar and blood sources, and organic matter 
(compost) availability on the ground provide refuge and feeding to 
adults and larval habitat for immature forms of these species. Other 
work suggests that the abundance of Ny. neivai depends to a great 
extent on the humidity, having found in the autumn high abundance 
of these sand flies at 22°C and high humidity levels (Fuenzalida et al. 
2011). The absence of vegetation cover leads to a high desiccation 
of the local environment and may provide a lower (or any) biologi-
cal diversity of feeding sources (Chaves et al. 2008). In addition, a 
recent study showed that phlebotomine larval habitats are located 
mainly at the base of the trees (Alencar et  al. 2011). Feeding and 
gravid females seem to prefer areas with trees. We speculate that sites 
with higher NDVI values (i.e., higher vegetation/tree cover) could 
function as source population zones and areas with low NDVI may 
contain sink populations.

The dispersion range for some species of sand flies such as Ny. 
neivai is estimated to be 100–500 m (Galati et  al. 2009), with a 
mean dispersal distance of 55 m (Casanova et al. 2005). In this con-
text, we can consider zones of higher vegetation as islands through 
which sand flies move from city edges to houses’ backyards. Thus, 
we believe average NDVI from 50 to 100 m radii may be adequate 
as a proxy variable of the habitat where sand flies adults are more 
likely to occur.

A study carried out in Teresina, a tropical city in Brazil, indi-
cated that the higher incidence of VL occurred in recently expanded 
periphery neighborhoods, having the highest vegetation cover (esti-
mated through NDVI) and worst socioeconomic indicators; there-
fore, the authors suggest vector control intervention in those areas 
(Cerbino Neto et al. 2009). If urban transmission of CL is conclu-
sively documented in Argentina, the vegetation density of neighbor-
hoods should also be considered when designing control strategies 
to optimize resources, focusing efforts in periphery areas and those 
with greater density of vegetation.

Future studies should be conducted in unsampled municipalities 
and include ground truth validations of estimates used in this study 
to determine whether the cutoff (0.37 of NDVI), arbitrary selected, 
is operationally informative. Another consideration in future studies 
is that the correlation between total sand flies and NDVI, mainly 
due to the abundances of Ny. neivai and Mg. migonei in this study, 
is applicable to other species. The NDVI, as well as any other remote 
sensing derived variables, may be useful to identify or map favorable 
environmental conditions for a given species, but may not accurately 
describe the actual species distribution (the realized niche) that may 
also be influenced, among other factors, by species interactions or 
other local conditions not detected from the satellite imagery. For 
example, vector presence or abundance and/or epidemiological risk 
may be related with reservoir availability (Alexander et al. 2002) and 
human population density (Ramos et al. 2014). Site 7 had a rela-
tively high average NDVI (=0.40 for the 100 m radius buffer) but a 
low total sand fly abundance (21 flies), which we speculate may have 
been a consequence of its proximity to agricultural land (potential 
exposure to agrochemicals).

The fact that we used only 10 sites and six nights of sampling 
could generate an underestimation of the degree of correlation 
between variables. Sand flies that are found in northern Argentina 
show preferential nocturnal activity and are not observed during the 
day in open areas with direct sun exposure. Therefore, we believe 
that an increase in the sample size would not change the positive cor-
relation. However, it cannot be ruled out that other variables exist 
that were not examined that are at least an important factor for 
sand flies spatial distribution. On the other hand, a rare species may 

require a greater capture effort and therefore may simply not have 
been detected in our study.

We found an association between the average vegetation cover 
(NDVI) at a local spatial resolution scale and the abundance of these 
insects. This information may aid in the development of an entomo-
logical surveillance system aimed at the efficient design of prevention 
and control strategies of CL for this locality and other regions with 
similar conditions.
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