
ISSN versión electrónica: 2007-8706; Universidad Nacional Autónoma de México, Instituto de Biología. Open Access bajo la licencia 
CC BY-NC-ND (4.0) https://doi.org/10.22201/ib.20078706e.2023.94.5048

Revista Mexicana de Biodiversidad
Revista Mexicana de Biodiversidad 94 (2023): e945048

Ecology

Diversity and spatio-temporal variation of phlebotomine  
sand flies (Phlebotominae: Diptera: Psychodidae) 
in three different types of land use and seasons 

in the state of Veracruz, Mexico

Diversidad y variación espacio-temporal de los flebotominos 
(Phlebotominae: Diptera: Psychodidae) en tres diferentes  

tipos de uso del suelo y temporadas  
en el estado de Veracruz, México

Juana Durán-Luz a, Sergio Ibáñez-Bernal a, *, Eduardo A. Rebollar-Téllez b,  
Luis Arturo Ibarra-Juárez c

a Instituto de Ecología, A.C., Red Ambiente y Sustentabilidad, Carretera Antigua a Coatepec 351, Col. El Haya, 91073 Xalapa, Veracruz, Mexico 
b Universidad Autónoma de Nuevo León, Facultad de Ciencias Biológicas, Departamento de Zoología de Invertebrados, Laboratorio de 
Entomología Médica, Av. Universidad s/n, Ciudad Universitaria, 66451 San Nicolás de los Garza, Nuevo León, Mexico 
c Instituto de Ecología, A.C., Red de Estudios Moleculares Avanzados, Carretera Antigua a Coatepec 351, Col. El Haya, 91073 Xalapa, Veracruz, 
Mexico

*Corresponding author: sergio.ibanez@inecol.mx (S. Ibáñez-Bernal)

Received: 1 June 2022; accepted: 17 May 2023

Abstract 
A sand fly fauna inventory was conducted in an ecotourism area of central Veracruz, Mexico. We recorded and 

analyzed the sand fly diversity at 3 different land use types (well-preserved forest, fruit-tree plantations, and human 
settlements) with sampling conducted 3 times in 1 year (dry, rainy, and cold seasons). A total of 891 specimens 
of 6 genera and 14 species was recorded. High diversity was detected in the preserved area due to a high species 
richness and abundance as compared with the fruit-tree plantations and human settlements, respectively. In relation 
to the seasons of the year, high diversity was found in the cold season as compared with the rainy and dry seasons. 
The variation of the Phlebotominae assemblage in space and time in the ecotourism zone is described, serving as a 
baseline to recommend preventive actions to settlers and travelers. Additionally, we include new species records for 
the state of Veracruz. 
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Introduction

From the nearly 1,000 species of phlebotomine sand 
flies known worldwide, about 500 species are found in the 
American continent and neighboring isles (Shimabukuru 
et  al., 2017), and are distributed from southern Canada 
to northern Argentina, principally inhabiting areas with 
native vegetation (Munstermann, 2004). From this total, 
about 98 are proven or suspected vectors of Leishmania 
affecting humans (Killick-Kendrick, 1990, 1999; Maroli 
et al., 2013; WHO, 2012; Young & Duncan, 1994). Most 
of the American sand fly species inhabit tropical and 
subtropical areas, and their presence is often associated 
with the incidence of human leishmaniasis (Valderrama 
et al., 2008). In Mexico, 50 species of extant phlebotomine 
sand flies and 2 extinct species have been recorded 
(Ibáñez-Bernal & Durán-Luz, 2022), being the sylvatic 
southern portion the area with highest species richness and 
diversity (Moo-Llanes et al., 2013). Veracruz is considered 
one of the Mexican states with recurrent transmission of 
Leishmania spp. (González et  al., 2011). In Veracruz, 
23 species of phlebotomine sand flies have so far been 
recorded, corresponding to 44.2% of the total Mexican 
species (Ibáñez-Bernal & Durán-Luz, 2022). 

In wild areas, adults of phlebotomine sand flies may 
be found in different ecotopes used for resting, mating, 
feeding, and/or undertaking oviposition. They can also be 
found in caves, cracks, tree-holes and rock hollows, tree-
buttresses, leaf litter, rodent and other mammal burrows, 
and bird or insect nests (Aguiar & Vilela, 1987; Dampf, 
1938; Montes de Oca-Aguilar, Moo-Llanes et  al., 2013; 
Montes de Oca-Aguilar, Rebollar-Téllez et  al., 2013; 
Rebollar-Téllez, Andrade-Narvaez et al., 1996; Thatcher, 
1968; Vivero et  al., 2015; WHO, 2012). Deforestation, 
and urbanization have had influence over the sand fly 
populations changing the pattern of Leishmania spp. 
transmission. Human settlements in wild areas may 

promote dispersal and changes in sand fly populations, 
with some species capable of adapting to survive in 
modified environments (Carvalho et al., 2011), and can be 
found in the peridomestic area, taking advantage of cracks, 
hollows, humid walls, hen houses, or getting into houses 
to obtain blood (endophagy) (Quate & Vockeroth, 1981; 
WHO, 2012). Also, it is possible to find certain species in 
agroecosystems, in coffee or cacao plantations (Alexander, 
1987; Alexander et al., 2002; Pérez et al., 2014; Pinheiro 
et al., 2013; Scorza et al., 1985). 

Previous studies on the diversity of phlebotomine sand 
flies in sites with different land use, suggest that habitat 
degradation affects their assemblage, diminishing species 
richness and population abundances as perturbation levels 
increase (Durán-Luz et  al., 2019; Feitosa & Castellón, 
2004; Jiménez et al., 2000; Machado et al., 2017; Pinheiro 
et  al., 2013; Rebêlo et  al., 2019; Travi et  al., 2002; 
Valderrama et al., 2008). 

Climate modulates the reproduction, development, 
activity, and abundance of phlebotomine sand flies, 
changing the space-temporal distribution. In general, sand 
fly species are sensitive to changes in temperature and 
humidity (Aguiar & Vilela, 1987; Moo-Llanes et al., 2013), 
and for that reason they seek protection in natural shelters 
with adequate microclimatic conditions; these sites are 
important as they are probably associated to the breeding 
places (Montes de Oca-Aguilar, Moo-Llanes et al., 2013; 
Parras et al., 2012). Some studies indicate that sand flies 
are more abundant during the hottest humid months 
(Carvalho et al., 2011; Córdoba-Lanús & Salomón, 2002; 
Pérez et  al., 2014), but others report highest abundance 
during the hottest dry months (Durán-Luz et  al., 2019; 
Machado et al., 2017; Pinheiro et al., 2013), and at least in 
the Yucatán Peninsula, their abundance is highest during 
the coolest months of the year (Rebollar-Téllez, Andrade-
Narvaez et  al., 1996; Rebollar-Téllez, Ramírez-Fraire 
et al., 1996; Sánchez-García et al., 2010). 

Resumen 
Se realizó un inventario de la fauna de flebotominos en una zona ecoturística del centro de Veracruz, México. Se 

registró y analizó la diversidad de flebotominos en 3 tipos diferentes de uso del suelo (bosque, plantaciones de árboles 
frutales y asentamientos humanos) con muestreos realizados 3 veces en 1 año (estaciones seca, lluviosa y fría). Se 
registró un total de 891 ejemplares de 6 géneros y 14 especies. Se detectó una alta diversidad en el área selvática debido 
a una alta riqueza de especies y abundancia en comparación con las plantaciones de árboles frutales y los asentamientos 
humanos, respectivamente. En relación con las estaciones del año, se encontró una alta diversidad en la estación fría 
en comparación con las estaciones lluviosa y seca. Se describe la variación del ensamblaje de Phlebotominae en el 
espacio y el tiempo de una zona ecoturística, sirviendo como línea de base para recomendar acciones preventivas a 
colonos y viajeros. Adicionalmente, se incluyen nuevos registros de especies en el estado de Veracruz. 
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In tropical countries, ecotourism is a developing 
industry with high economic benefits, providing more 
activities and revenues to the local economy. Nevertheless, 
these activities may represent a risk for native people 
and tourists, as the contact with hematophagous flies 
increases (Carvalho et al., 2011). Phlebotomine sand flies 
are the vectors of some species of Leishmania parasites, 
it is important to determine the species richness and how 
their populations change through space (land use) and 
time, helping to detect the probable vectors necessary for 
leishmaniasis prevention or control programs in endemic 
areas (WHO, 2012). 

The main objective of this study was to document 
the Phlebotominae composition in an ecotourism area in 
central Veracruz, and to describe the composition in space 
and time in 3 areas with different land use in 3 seasons 
of the year.

Materials and methods 

The municipality of Apazapan is in the lower central 
region of the State of Veracruz, Mexico (19°19’ N, 96°43’ 
W), at an altitude ranging from 100 to 520 m asl (Fig. 1). 
It has an area of 67.27 km2, with 18 towns and a total 
population of 35,347 inhabitants. It is in the Southern Gulf 
Coastal Plain province and the Veracruz Coastal Plain sub-
province. It has an annual temperature range from 22 to 26 

°C, with precipitation ranging from 900 to 1,100 mm per 
year (INEGI, 2010). The predominant weather is warm sub-
humid with abundant rainfall during the summer and early 
fall. There is a marked period of drought that elapses from 
March to June, followed by a rainy period that comprises 
from July to October and subsequently a period known as 
“Nortes’’, which is characterized by sporadic rainfall and 
includes the coolest months of the year from November 
to February (García, 1996). The soil types are Feozem 
(dark, soft layer rich in organic matter and nutrients) and 
Rendzinas (superficial layer of organic matter resting 
on limestone rock); whereas the vegetation is defined 
as median sub-perennial tropical forest characterized by 
Lysiloma latisiliquum (L.) Benth, Brosimum alicastrum 
Swartz, Bursera simaruba (L.) Sarg, Manilkara zapota 
(L.) P. Royen, and Vitex gaumeri Greenm as the dominant 
species (Rzedowski, 1978). Most of Apazapan’s surface 
area (84%) is covered by agricultural land, followed by 
forest (12%), pastureland (3%) and urban areas (1%) 
(INEGI, 2010). Its main agricultural products are fruit 
crops such as sapodilla, banana, citrus, and mango, as 
well as maize, beans, and pumpkins, whereas there is also 
production of cattle, sheep, pig, and poultry. One of the 
most important activities in the area, and one that has been 
an important part of the region’s economy is ecotourism.

Field work consisted of 6 sampling events in 1 
year, considering March-June as the dry season (DS), 

Figure 1. A depiction of a map of Mexico, indicating the geographical location of the state of Veracruz, and the selected study area 
in the municipality of Apazapan. Scale bar is in reference to the upper municipality map.



	 J. Durán-Luz et al. / Revista Mexicana de Biodiversidad 94 (2023): e945048	 4
	 https://doi.org/10.22201/ib.20078706e.2023.94.5048

July-October as the rainy season (RS), and November-
February as the cold season (CS). Each sampling event 
was conducted for 2 consecutive days, in 3 areas with 
different degree of disturbance: 2 areas without human 
settlements: a wild or sylvatic area (SA), a crop area (CA) 
mainly with mango, citric and sapodilla orchards, and an 
area with human settlements (770 inhabitants) considered 
as an urban area (UA). 

Four CDC-UV light traps (Model 912, John W. Hock 
Company, Gainesville, FL, USA) were placed at each site, 
separated 50 m from each other. The traps were hung from 
tree branches, approximately 1 m above the ground, near 
decomposing organic matter. The traps remained active 
from 1 hour before sunset until 3 hours after sunset, for a 
total of 4 human-hours per trap per night. Additionally, 2 
Malaise traps (John W. Hock Company, Gainesville, FL, 
USA), whose bottles contained 96% alcohol, were placed 
at each sampling site 100 m apart from each other. The 
traps were left in place for 2 days for each sampling event, 
and the collecting bottle was replaced twice to include 
the photophase (6:00-18:00 h) and the scotophase (18:00-
6:00 h). The material of interest from the CDC traps was 
sacrificed with ethyl acetate, separated, and stored in Petri 
dishes (SYM Laboratorios, Mexico) prepared with glassine 
paper to avoid damage during transport to the laboratory. 

Specimens were mounted on slides following the 
procedure recommended and described by Ibáñez-Bernal 
(2005a), using Euparal® (Bioquip Products, Inc., Rancho 
Dominguez, CA, USA) as a permanent mounting medium. 
For taxonomic species identification, we observed 
and analyzed the internal and external morphological 
characteristics of males and females under the microscopic 
using the dichotomous keys of Young and Duncan (1994) 
as well as Ibáñez-Bernal (2005a, b). The classification 
proposed by Galati (1995, 2003) and the abbreviations 
of generic names proposed by Marcondes (2007) were 
followed. Specimens are deposited in the Entomological 
Collection of the Instituto de Ecología, A. C. (INECOL), 
Xalapa, Veracruz, Mexico (IEXA).

To avoid biased estimates of diversity by using 
combined data from different types of traps, we decided 
to conduct calculations based on data from CDC light 
traps only. To evaluate the quality of the sampling based 
on the species richness obtained by sampling effort and 
repetition of collection and to determine if the samples 
taken in Apazapan, Veracruz were representative of the 
phlebotomine community, a species accumulation curve 
was elaborated. We used the Chao 1 estimator which is 
based on abundances and estimates the number of expected 
species considering the ratio between the number of species 
represented by 1 individual (singletons) and the number 
of species represented by 2 individuals in the samples 

(doubletons) (Moreno, 2001). Software EstimateS version 
9.1.0 (Colwell, 2013) was used to compute these analyses.

In addition, rank-abundance curves were elaborated 
for each area, as well as for each season, and between areas 
and sampling events. These curves represent a graphic 
comparison of species richness, relative abundances, 
and taxa dominance. The overall shape of the curves 
(equitability) display in a clear manner the sequence of 
each of the species that make up the community without 
losing their identity and were used to detect spatio-temporal 
changes in the structure of the phlebotomine assemblage 
(Feinsinger, 2001).

Alpha diversity (α) was obtained for the 3 areas and 
sampling seasons, which corresponds to the total number 
of species present in a community (Moreno, 2001). To 
calculate this parameter, the effective numbers of species 
or measures of “true diversity” were obtained, allowing 
an intuitive and easily comparable interpretation of 
species diversity (Moreno et al., 2011). Diversity of order 
0 (0D) is simply equivalent to species richness (0D = 
S), whereas order 1 (1D) represents the exponential of 
Shannon’s index or true diversity, and order 2 (2D) is 
the inverse of Simpson’s index or equity. The iNEXT 
package in RStudio version 1.3.959 was used to calculate 
the diversity analyses. Data were plotted to visualize the 
effective number of species of each order of diversity, 
including error bars.

Finally, to graphically observe the relationship of 
phlebotomine sand fly species composition at the 3 sites 
and seasons, we generated a similarity dendrogram (Beta 
diversity) using the Morisita´s index multivariate cluster 
analysis. This index considers the abundances in species 
composition in relation to their similarity. The algorithm 
used to perform the clustering was the unweighted pairs 
of groups using the arithmetic mean (UPGMA). This 
analysis was calculated with Past version 3.18 (Hammer  
et al., 2001). 

Results

A total of 851 specimens were captured with CDC 
miniature light traps comprising 6 genera and 14 species, 
of which 75.1% were females and 24.9% males. The 
highest species richness and abundance, i.e., 13 species 
and 357 specimens, were found in SA followed by CA 
and UA, respectively. Regarding the seasonality, we found 
that CS was the season with the highest species richness 
and abundance, collecting a total of 14 species and 418 
specimens as compared with RS (30.4%) and DS (20.4%). 
Micropygomyia chiapanensis (Dampf, 1947) was the most 
abundant species with 511 specimens (60%), followed by 
Dampfomyia leohidalgoi Ibáñez-Bernal, Hernández-Xoliot 
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& Mendoza, 2006, with 96 specimens (11.3%) (Table 1). 
The number of sand flies caught with Malaise traps was 
comparatively low, with only 40 specimens of 6 species: 
Brumptomyia hamata (Fairchild & Hertig, 1947) (n = 1), 
Brumptomyia mesai Sherlock, 1962 (n = 5), D. leohidalgoi 
(n = 29), Lutzomyia cruciata (Coquillett, 1907) (n = 2), M. 
chiapanensis (n = 2), and Pintomyia serrana (Damasceno 
& Arouck, 1949) (n = 1) (Table 2). 

In general, for Apazapan, Veracruz, Chao 1 predicts 16 
species to be present, suggesting that 2 species were not 
recorded. The inventory completeness was 87.5% (Fig. 2). 
For SA inventory completeness was 96.3%, for CA 81.9%, 
and 100% for UA, indicating that the sample effort in all 
cases was sufficient. 

Of the 13 species collected in the SA, 5 were 
exclusive to this land use type: Brumptomyia hamata, 
Dampfomyia deleoni (Fairchild & Hertig, 1947), P. 
serrana, Psathyromyia cratifer (Fairchild & Hertig, 
1961) and Psathyromyia dasymera (Fairchild & Hertig, 
1961). In contrast, 9 species were recorded in CA with 
Dapfomyia anthophora (Addis, 1945) exclusive of this 
type of land use. Finally, in the UA only 6 species were 

recorded. Highest equitability was detected in the SA, 
whereas the highest dominance was found in the CA and 
UA, given by the large abundance of Mi. chiapanensis  
(Fig. 3). 

About the 3 seasons, in the RS we found 12 species, 
14 in CS, and 10 in DS. Dampofomyia anthophora and 
P. dasymera were only recorded in CS. The CS was 
the most equitable, whereas RS and DS had a high 
dominance of M. chiapanensis (Fig. 4). The results 
show that in SA in the CS presented highest richness 
with 13 species, being this area and season in which 
more equitability was found. Lower species richness 
was detected in the UA in the RS with only 3 species 
recorded: M. chiapanensis, Lutzomyia longipalpis (Lutz 
& Neiva, 1912) and Psathyromyia texana (Dampf, 1938)  
(Fig. 5).

Alpha diversity. For the 3 land-use areas compared, SA 
showed a greatest and different diversity in relation to CA 
and UA. Also, CA and UA were different in order 0 and 
1 diversity, but they were not in order 2, as UA showed 
the poorest diversity (Table 3, Fig. 6). In the case of the 3 
seasons, higher diversity in 0, 1, and 2 orders was found in 

Table 1 
Phlebotomine sand fly species collected with CDC-UV light traps in Apazapan, Veracruz, Mexico, comparing the total number of 
specimens, their relative abundance, and species richness, in 3 different land-use areas during 3 different seasons.

Area Season Female Male Total %

Species Sylvatic Crop Urban Rainy Cold Dry

Brumptomyia hamata 2 0 0 1 1 0 0 2 2 0.2
Brumptomyia mesai 15 2 0 2 10 5 9 8 17 2.0
Dampfomyia anthophora 0 1 0 0 1 0 1 0 1 0.1
Dampfomyia deleoni 12 0 0 2 5 5 10 2 12 1.4
Dampfomyia leohidalgoi 71 20 5 12 70 14 67 29 96 11.3
Lutzomyia cruciata 11 24 2 4 30 3 28 9 37 4.3
Lutzomyia longipalpis 28 20 22 25 32 13 53 17 70 8.2
Micropygomyia chiapanensis 138 210 163 196 203 112 408 103 511 60.0
Micropygomyia nahua 3 4 2 1 6 2 7 2 9 1.1
Pintomyia serrana 26 0 0 1 22 3 16 10 26 3.1
Psathyromyia cratifer 10 0 0 3 7 0 9 1 10 1.2
Psathyromyia dasymera 1 0 0 0 1 0 0 1 1 0.1
Psathyromyia shannoni 26 1 0 2 16 9 15 12 27 3.2
Psathyromyia texana 14 14 4 10 14 8 21 11 32 3.8
Total abundance 357 296 198 259 418 174 639 212 851 100.0
Relative abundance 42.0 34.8 23.3 30.4 49.1 20.4 75.1 24.9 100.0
Species richness 13 9 6 12 14 10 12 13 14
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CS as compared with the other 2 seasons. Order 0 diversity 
was different in CS and DS, but similar between CS and 
RS and RS and DS. Also, order 1 and 2 diversity were 
different between CS and the other 2 seasons, but similar 
between RS and DS (Table 3, Fig. 7).

Based on the Alpha diversity of land-use areas and 
seasons, SA in the CS presented highest diversity in the 3 
orders and was different from the other areas and seasons, 
except SA in RS where the order 0 diversity was similar 
but 1 and 2 order do not (Table 4).

Beta diversity. When contrasting separately by areas, 
SA and CA share 8 species and exhibit 81% of similarity, 
whereas SA and UA showed the poorest similarity with 6 
shared species (74%), and CA and UA shared 6 species but 
reached a 98% similarity. Comparing the seasons, a higher 
similarity was found between DS and RS with 10 shared 
species (98%), DS and CS with 10 shared species (95%) 
and being the least similar RS and CS with 12 shared 
species (89%), differences depend on the abundance of 
each species.

Table 2 
Phlebotomine sand fly species collected with Malaise traps in Apazapan, Veracruz, Mexico, comparing the total number of specimens, 
their relative abundance, and species richness, in 3 different land-use areas during 3 different seasons.

Area Season Female Male Total %

Species Sylvatic Crop Urban Rainy Cold Dry

Brumptomyia hamata 0 0 1 1 0 0 0 1 1 2.5
Brumptomyia mesai 5 0 0 0 3 2 1 4 5 12.5
Dampfomyia leohidalgoi 28 1 0 1 14 14 21 8 29 72.5
Lutzomyia cruciata 2 0 0 0 1 1 2 0 2 5.0
Micropygomyia chiapanensis 0 0 2 2 0 0 1 1 2 5.0
Pintomyia serrana 0 0 1 0 1 0 1 0 1 2.5
Total abundance 35 1 4 4 19 17 26 14 40 100.0
Relative abundance 87.5 2.5 10.0 10.0 47.5 42.5 65.0 35.0 100.0
Species richness 3 1 3 3 4 3 5 4 6

Figure 2. Accumulation curve of Phlebotominae species collected in Apazapan, Veracruz, Mexico. Spp obs = Observed species.
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Similarity dendrograms obtained by cluster analysis 
using the Morisita´s index, with a correlation coefficient of 
0.9 between areas and seasons, grouped all land use types 
except SA and CS. All combinations of CA and UA have 
more than 90% similarity, they shared between 3 and 6 

species. Considering the sylvatic area, RS and DS display 
more similarity with 9 shared species (97%), followed 
by CS and DS with 9 shared species and 73% similarity, 
RS and CS were the less similar with 62% of similarity 
in spite that 12 species are shared. All combinations in 

Figure 3. Rank-abundance curves of phlebotomine sand flies sampled in 3 land-use areas in Apazapan, Veracruz, Mexico. lnPi = 
Natural logarithm of the relative abundance of species.

Figure 4. Rank-abundance curves of phlebotomine sand flies sampled during 3 seasons in Apazapan, Veracruz, Mexico. lnPi = Natural 
logarithm of the relative abundance.
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the rainy and dry seasons have more than 88% similarity, 
they shared between 3 and 6 species. In the cold season 
the CA and UA were more similar with 5 shared species 
(88%), followed by SA and CA with 65% similarity and 8 
shared species, the SA and UA were less similar in species 
composition and abundance in the cold season with 44% 
similarity with 5 shared species (Fig. 8).

Discussion 

Except for Lutzomyia cruciata, L. longipalpis, and 
M. chiapanensis, all species are new records for the 
municipality of Apazapan (Ibáñez-Bernal et  al., 2011; 
Montes de Oca-Aguilar, Rebollar-Téllez et  al., 2017; 

Montes de Oca-Aguilar, Mikery-Pacheco et  al., 2017). 
Dampfomyia anthophora and P. dasymera are new records 
for the state of Veracruz, increasing to 25 the known 
species in the state (Ibáñez-Bernal & Durán-Luz, 2022).

In this study we found 3 species that have been 
considered possible vectors of Leishmania because they 
are anthropophilic and have been found naturally infected: 
Lutzomyia cruciata, L. longipalpis, and Psathyromyia 
shannoni (Dyar, 1929) (Biagi & Biagi, 1953; Biagi, Biagi 
et al., 1965; Biagi, López et al., 1965; Canto-Lara et al., 
2007; Pech-May et  al., 2010, 2016; Rebollar-Téllez, 
Andrade-Narvaez et al., 1996; Rebollar-Téllez, Ramírez-
Fraire et  al., 1996; Rebollar-Téllez, Reyes-Villanuaeva 
et al., 1996; Sánchez-García et al., 2010). 

Figure 5. Rank-abundance curves of phlebotomine sand flies sampled between areas and seasons in Apazapan, Veracruz, Mexico. 
CA, Crop area; SA, sylvatic area; UA, urban area; RS, rainy season; CS, cold season; DS, dry season. lnPi = Natural logarithm of 
relative abundance of species.

Table 3 
Abundance and Alpha diversity of Phlebotominae in Apazapan, Veracruz, Mexico comparing the 3 land-use areas and seasons, by 
the effective number of species.

Area Season

Sylvatic Crop Urban Rainy Cold Dry

Abundance 357 296 198 259 418 174
True diversity
0D 13 9 6 12 14 10
1D 6.91 2.96 1.95 2.69 5.72 3.94
2D 4.70 1.92 1.45 1.69 3.55 2.31
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Figure 6. Comparative diversity profile of phlebotomine sand flies sampled in the 3 land-use areas of Apazapan, Veracruz, Mexico. 
The plot represents the effective number of species and error bars in each diversity order.

Figure 7. Diversity profiles of phlebotomine sand flies sampled in 3 seasons of Apazapan, Veracruz, Mexico. The plot represents the 
effective number of species and error bars in each diversity order.
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Lutzomyia cruciata and Psathyromyia shannoni have 
been recorded from the USA to Argentina and possess a 
wide distribution area in Mexico (Ibáñez-Bernal & Durán-
Luz, 2022). Sánchez-García et  al. (2010) and González 
et al. (2011) suggested that both species may be related with 
Leishmania transmission in areas with human cutaneous 
leishmaniasis in which Brumptomyia olmeca is absent. In 
southern Mexico (Campeche, Quintana Roo, and Yucatán) 
L. cruciata and P. shannoni have been found naturally 
infected with Leishmania (Leishmania) sp. (Canto-Lara 
et  al., 2007) and L. mexicana (Biagi, 1953) (Pech-May 
et al., 2010, 2016; Sánchez-García et al., 2010). Recently, 
both species were also found naturally infected with 
Leishmania sp. in southern Veracruz (Lozano-Sardaneta 
et al., 2020). The other species is Lutzomyia longipalpis, 

which has a vast distribution range from Mexico to Uruguay 
and Argentina (Ibáñez-Bernal & Durán-Luz, 2022), and in 
this study it represents the second occasion in which it 
was collected in Veracruz (Ibáñez-Bernal et  al., 2011). 
Lutzomyia longipalpis is considered the primary vector of 
Leishmania infantum (Nicolle, 1908) in South America 
(Dantas-Torres, 2006; Maroli et al., 2013), and probably 
in Mexico (Biagi, Biagi et al., 1965; Biagi, López et al., 
1965; González et al., 2011; Ibáñez-Bernal, 1999).

Spatial variation. In this study we recorded a higher 
diversity of phlebotomine sand flies in a sylvatic area, 
than in fruit-tree plantations or human settlements, which 
demonstrates that habitat transformation can affect species 
richness and abundance, as both decrease in environments 
with some degree of disturbance as compared with sylvatic 
areas (Turrini & Knop, 2015). In Mexico, field studies 
describing the structure of the phlebotomine assemblages 
in areas with different anthropogenic disturbance are 
scarce. The results presented herein agree with those 
reported by Durán-Luz et al. (2019) from central Mexico, 
where higher species richness and abundance were 
observed in a sylvatic area in comparison to human 
settlements. Likewise, in a peri-urban area of Quintana 
Roo, Sánchez-García et  al. (2010) detected low species 
richness in an area with human settlements, compared to 
a less fragmented area. Data obtained in this study agree 
with other studies carried out in South America in which 
differences were observed in phlebotomine composition, 
richness and abundance according to different grades of 
anthropogenic disturbance as compared with conserved 
environments, revealing that environmental quality exerts 
a significant influence on community structure (Feitosa 
& Castellón, 2004; Jiménez et al., 2000; Machado et al., 
2017; Pinheiro et  al., 2013; Rebêlo et  al., 2019; Travi 
et al., 2002; Valderrama et al., 2008). 

Table 4 
Abundance and Alpha diversity of Phlebotominae in Apazapan, Veracruz, Mexico for each season in the 3 areas, by effective species 
number. 

Sylvatic area Crop area Urban area

Rainy Cold Dry Rainy Cold Dry Rainy Cold Dry

Abundance 77 189 91 114 135 47 68 94 36
True diversity
0D 12 13 9 6 9 5 3 5 6
1D 4.09 8.10 4.93 2.00 4.03 1.98 1.79 1.54 2.85
2D 2.37 6.16 3.17 1.43 2.76 1.44 1.54 1.22 1.96

Figure 8. Cluster analysis dendrogram obtained by Morisita´s 
index, showing the similarity in species composition among 
phlebotomine sand flies sampled in 3 land-use areas and 3 
different seasons in Apazapan, Veracruz, Mexico. Grouping 
method was the UPGMA algorithm.
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We found that sand fly abundance decreases due to 
habitat destruction by humans and that several species are 
absent from degraded sites (Travi et al., 2002). However, 
there are some species of medical importance that are 
tolerant to these changes and can survive in modified 
environments, sometimes even with high abundances 
compared to sylvatic or less disturbed sites (Mikery-
Pacheco et al., 2015; Sánchez-García et al., 2010). 

In this study, we observed that the abundance of Lutzomyia 
cruciata was higher in fruit-tree plantations than that detected 
in the sylvatic area and or with human settlements. This finding 
represents a greater risk of contact of female L. cruciata 
with humans entering the crop areas. This species has been 
recorded in urban and peri-urban areas of Campeche, Chiapas, 
and Quintana Roo, with high abundances, suggesting a high 
capacity to adapt to these modified sites (Mikery-Pacheco 
et  al., 2015; Pech-May et  al., 2016; Sánchez-García et  al., 
2010). Lutzomyia cruciata has also been recorded in high 
abundance in coffee agroecosystems in Chiapas, suggesting 
that Leishmania transmission is likely to occur in these sites 
(Pérez et al., 2014). 

Psathyromyia shannoni showed a higher abundance in 
the sylvatic area, than in the cultivated area or the human 
settlements. This species has previously been found in 
great abundance in conserved sites with respect to degraded 
habitats in South America (Feitosa & Castellón, 2004; 
Jiménez et  al., 2000; Rebêlo et  al., 2019). Nonetheless, 
it has also been detected in high abundance in peri-urban 
areas of Quintana Roo and Campeche (Pech-May et  al., 
2016; Sánchez-García et al., 2010).

In addition, Lutzomyia longipalpis showed similar 
abundances in the 3 study sites, which may indicate 
that this species has been established in peridomiciliary 
areas as well as in cultivation sites, representing a risk of 
Leishmania spp. infection in all the sites. Our results are 
supported by other studies conducted in South America, 
which have demonstrated the ability of this species to 
easily adapt to human-modified environments (Jiménez 
et al., 2000; Quinnell & Dye, 1994; Salomón et al., 2015). 
There are even studies in which a greater abundance of 
L. longipalpis has been detected in anthropized sites 
compared to other more conserved ones (Machado et al., 
2017; Pinheiro et al., 2013; Rebêlo et al., 2019). This could 
be explained by the fact that this species is commonly 
associated with the presence of domestic animals and their 
environments (Quinnell & Dye, 1994).

Seasonal variation. In the present study we recorded the 
highest species richness and abundance of phlebotomine 
sand flies during the cold season. Our results are similar to 
those reported by Rebollar-Téllez, Andrade-Narvaez et al. 
(1996), Rebollar-Téllez, Ramírez-Fraire et  al. (1996) in 

Campeche, who found a high abundance between November 
and March, months corresponding to the transmission of 
Leishmania in that state (Andrade-Narváez et  al., 2003). 
Our work also agrees with other studies conducted in 
Mexico in which it has been reported that phlebotomine 
sand fly captures are less numerous in periods of rainfall, 
for example, in coffee agroecosystems in Chiapas (Pérez 
et al., 2014), and in Puebla in a dry deciduous forest and in 
an area with human settlements (Durán-Luz et al., 2019). 
Other studies in South America have also shown a strong 
negative relationship between the species richness and 
abundance of phlebotomine sand flies and the amount of 
rainfall (Carvalho et al., 2011; Córdoba-Lanús & Salomón, 
2002; Machado et al., 2017; Pinheiro et al., 2013; Quintana 
et  al., 2010). This finding can be explained by the fact 
that sand flies are insects that although immature stages 
require high humidity conditions, are not strictly aquatic 
(Munstermann, 2004; Young & Duncan, 1994) and can be 
drown with excess water. Three species such as Lutzomyia 
cruciata, L. longipalpis, and Psathyromyia shannoni were 
found to be more abundant in the cold season, and therefore 
this may represent a risk of Leishmania spp. infection for 
the population and tourists in this season.
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