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Anthropogenic influence on the distribution, abundance and diversity
of sandfly species (Diptera: Phlebotominae: Psychodidae),
vectors of cutaneous leishmaniasis in Panama
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In Panama, species of the genus Lutzomyia are vectors of American cutaneous leishmaniasis (ACL). There is no
recent ecological information that may be used to develop tools for the control of this disease. Thus, the goal of this
study was to determine the composition, distribution and diversity of Lutzomyia species that serve as vectors of ACL.
Sandfly sampling was conducted in forests, fragmented forests and rural environments, in locations with records
of ACL. Lutzomyia gomezi, Lutzomyia panamensis and Lutzomyia trapidoi were the most widely distributed and
prevalent species. Analysis of each sampling point showed that the species abundance and diversity were greatest at
points located in the fragmented forest landscape. However, when the samples were grouped according to the land-
scape characteristics of the locations, there was a greater diversity of species in the rural environment locations.
The Kruskal Wallis analysis of species abundance found that Lu. gomezi and Lu. trapidoi were associated with frag-
mented environments, while Lu. panamensis, Lutzomyia olmeca bicolor and Lutzomyia ylephiletor were associated
with forested environments. Therefore, we suggest that human activity influences the distribution, composition and
diversity of the vector species responsible for leishmaniasis in Panama.
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Leishmaniasis in Panama was first recorded in 1910.
The staff of the Gorgas Memorial Laboratory has re-
searched the ecology and epidemiology of leishmania-
sis since that time. Cutaneous leishmaniasis is the most
common form of leishmaniasis reported in the Republic
of Panama,; its clinical manifestations range from minor
lesions to severe skin ulcers (Christensen et al. 1972,
1983, 1984). In humans, the disease is mainly caused
by Leishmania panamensis, with a distribution extend-
ing from Belize-Argentina (Young & Duncan 1994,
Miranda et al. 2009). However, other species such as
Leishmania colombiensis, Leishmania mexicana, Leish-
mania amazonensis and Leishmania braziliensis have
been reported; Leishmania aristidesi and Leishmania
hertigi have both been isolated from mammals (Herrer
1971, Herrer et al. 1971, Christensen et al. 1972). Anoth-
er strain, Leishmania naiffi, has recently been found in
populations of Lutzomyia gomezi and Lutzomyia trapi-
doi, but it has not been found in human infections and its
reservoirs remain unidentified (Azpurua et al. 2010).

Leishmaniasis is a primarily zoonotic disease. The
sloth Choloepus hoffmanni is the primary reservoir of
the parasite, but other wild mammals, such as Brady-

Financial support: SENACYT COL09-008

+ Corresponding author: anayvald@yahoo.com
Received 3 July 2011

Accepted 17 October 2011

online | memorias.ioc.fiocruz.br

pus variegatus, Saguinus geoffroyi, Nasua nasua, Po-
tos flavus, Bassaricyon gabbi, Proechimys semispino-
sus, Hoplomys gymnurus and Coendou rothschildi,
have also been identified as reservoirs and their role as
secondary hosts has been established (Christensen et
al. 1984, Méndez 1999).

Phlebotomine sandflies are the vectors of leishma-
niasis and are present in almost every country in tropi-
cal and subtropical regions. Central and South America
have the greatest concentration of these vectors (Young
& Arias 1992, Seccombe et al. 1993, Young & Duncan
1994). About 74 species of sandflies have been reported in
Panama (Christensen 1972, Herrer & Christensen 1976),
including Lutzomyia ylephiletor, Lutzomyia sanguinar-
ia, Lutzomyia panamensis, Lu. trapidoi, Lu. gomezi and
Lutzomyia olmeca bicolor. These species were identified
as the transmission vectors of the American cutaneous
leishmaniasis (ACL) agent in Panama in the 1950s when
L. braziliensis sensu lato was isolated from the vectors’
digestive tracts (Herrer et al. 1971, Tesh et al. 1971, Her-
rer & Christensen 1973).

The distribution of phlebotomine sandflies in Pana-
ma correlates with the occurrence of ACL in the endem-
ic regions of the provinces of Bocas de Toro, Veraguas,
Coclé, Colon, Panama East, Panama West (MINSA
2005), especially in forest areas. Phlebotomine sandflies
develop in humid locations, such as nests, rock crevices,
animal burrows and tree bark (Christensen et al. 1983).
However, with the depletion of forest and the disappear-
ance of their natural habitat, some species seem to have
adapted to degraded habitats, contributing to the spread
of ACL (Jiménez et al. 2000, Travi et al. 2002).
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Few recent studies have appeared on the diversity,
geographical distribution and abundance of the different
species of phlebotomine sandflies as vectors of leishma-
niasis agents in Panama. Thus, the aims of the present
study were to determine the composition, geographical
distribution and diversity of ACL vectors in the endemic
regions of Panama. Additionally, this study sought to
verify the association between the characteristics of
the areas studied and the communities of phlebotomine
sandflies inhabiting them.

MATERIALS AND METHODS

Study area - Sandflies were captured in Panama
between the coordinates 7°11°-9°39’N and 77°10’-
83°03’W. The most prevalent climatic regime in Pa-
nama is tropical humid, with the summer season (Janu-
ary-March) presenting an average temperature of 30°C
and relative humidity of 75%. In other months (April-
December), the average temperature is 27°C and the
relative humidity averages 90%.

There are three different regions in Panama: the At-
lantic region, where it rains all year long and there is no
clearly defined dry season, the Pacific region, character-
ised by moderate to heavy rainfall and a well defined dry
season, and the central region, that occupies most of the
continental part of the country and is subjected to mod-
erate to heavy rains and strong winds due to the thermal
contrast between the other two regions.

The vegetation in Panama varies according to the
climate zones and consists mainly of tropical humid
forest or savannahs resulting from agricultural activity
(ANAM 2000). The data on temperature, precipitation
and humidity from 2007-2010 were obtained from the
weather stations of the Empresa de Transmision Eléctri-
ca Panamefia, located at different points in the country.

This study was conducted at 43 locations throughout
eight regions or provinces of Panama (Fig. 1). The land-
scapes of the locations were heterogencous with a vari-
ety of diverse macro habitats created by human activity.
Each site was classified according to its landscape char-
acteristics as one of the following: (i) forest environment,
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an extension of land with abundant primary or secondary
vegetation (flora, fauna and climatic conditions typical of
tropical rainforest), (ii) fragmented forest environment,
areas degraded by human activity (timber extraction,
cattle farming, agriculture etc.), presenting small patches
of secondary vegetation close to the degraded areas, or
(iii) rural environment, a province or settlement without
any great concentration of people or commercial activ-
ity, limited urban growth and area used for agriculture.
The traps were distributed at specific collection points
in each landscape. In the fragmentary forest and rural
landscapes, the traps where placed in houses that lacked
window covering were in close proximity to domestic an-
imals and ornamental vegetation. For each forest locality,
the traps were placed near rock crevices and tree bark.

Sandflies were collected during six months in 2010,
January-April (dry season) and May-June (early rainy sea-
son) at 43 locations where human cases of ACL had been
recorded from 2006-2009, according to the Epidemiology
Department of the Ministerio de Salud de Panama.

Adult sandflies were collected using CDC light traps
(Sudia & Chamberlain 1962) and octanol solution (used
to attract haematophagous insects) exposed at a height
of 1.5 m. At least nine light traps were installed in each
locality at approximately 50-m intervals. The collection
period was 12 h (06:00 pm-06:00 am) for two consecu-
tive days. The specimens were sacrificed with chloro-
form and stored in 95% ethanol at -20°C.

Identification of the collected specimens - Sandflies
were classified according to the methods of Young and
Duncan (1994). The nomenclature of the subgenus Psy-
chodopygus described by Carvalho et al. (2006) was
used in this study.

Analysis - The total abundance (Pi) (= ni/N) and
diversity (H’) (= —Zpilnpi) of sandfly species at each
site was calculated in accordance with the methods de-
scribed by Magurran (1988). To test the differences in
sandfly species abundance at each type of landscape, the
Kruskal Wallis test was used (p < 0.05) in conjunction
with the multiple comparison test (a = 0.05). Explora-
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Fig. 1: geographical distribution of locations (see Table I) sampled of phlebotomine sandflies, vectors of American cutaneous leishmaniasis

in Panama.
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tory data (simple correspondence analysis) was tested to
evaluate the association of the species with the charac-
teristic landscape. In this analysis, only anthropophilic
sandfly species were considered as ACL vectors in
Panama (Herrer et al. 1971, Tesh et al. 1971, Herrer &
Christensen 1973). Furthermore, other index of diversity
(H”) and dominance (D) (= Xpi2) were conducted and
Serensen’s similarity index (Is) (= 2c/a+b) (Magurran
1988) was calculated to define the differences between
the three landscapes.

RESULTS

A total of 1,923 sandflies of the Lutzomyia genus were
captured. Of these, 66.2% were anthropophilic species
and vectors of Leishmania species in Panama: Lu. pana-
mensis 24.2%, Lu. gomezi 18.6%, Lu. trapidoi 15.6%,
Lutzomyia ovallesi 3%, Lu. sanguinaria 1.5%, Lu. olme-
ca bicolor 1.2%, Lu. ylephiletor 0.9% and Lutzomyia car-
rerai 0.6%. The other 33.8% of sandflies captured were
zoophilic species: Lutzomyia triramula 3.2%, Lutzomyia
dysponeta 10.5%, Lutzomyia camposi 6.8%, Lutzomyia
vesicifera 2.7%, Lutzomyia sordellii 0.5%, Lutzomyia
vespertilionis 0.2%, Lutzomyia carpenteri 1.3%, Lutzo-
myia serrana 0.6%, Lutzomyia gorbitzi 0.3%, Lutzomyia
aclydifera 4.2%, Lutzomyia trinidadensis 2%, Lutzomyia
cruciata 0.5%, Lutzomyia odax 0.5% and Lutzomyia bar-
retoi 0.6%, all of which are not responsible for transmit-
ting the disease to humans as they are part of the wildlife
cycle of leishmaniasis. Lutzomyia longipalpis, the main
vector of visceral leishmaniasis, also was collected in
two localities, Limon and in Bona Island.

A detailed analysis of the anthropophilic species per
location is shown in Table 1. Lu. gomezi, Lu. panamensis
and Lu. trapidoi were wide-spread and present in 35, 27
and 26 out of the 43 locations sampled, respectively, and
were the most predominant species at 15, 13 and seven of
the locations, respectively. In contrast, Lu. sanguinaria,
Lu. olmeca bicolor and Lu. ylephiletor were scarce and
found at a small subset of locations. Lu. ovallesi is the
most common vector of L. braziliensis in Venezuela and
Guatemala, and although it contributed only a small per-
centage to the total number of sandflies captured, it was
the predominant species identified at two locations in
the Darién and in Ollas Arriba (provinces of Panama).
Lu. carrerai was collected only in Charagre, in Bocas de
Toro; information for this species not is shown in Table I
because it was isolated in low numbers and at few loca-
tions. Nine specimens of Lu. aclydifera and six of Lu. dy-
sponeta were captured in the Parque Altos de Campana.

The male to female ratio of captured sandflies was
highest in Puerto Obaldia, El Llanillo and Union Pifia.
In the other locations, more females than males were
collected (Table I). Cutevilla, Vaquilla, Chirigui Arriba,
Donoso, Pina and Ollas Arriba had high numbers of fe-
males (> 50) and only one male was isolated in Arimay.

Cutevilla, Chirigui Arriba, Vaquilla and Pifia yielded
the highest relative abundance of anthrophilic sandflies
(0.11, 0.09, 0.06 and 0.06, respectively). The abundance
of anthrophilic sandflies at the other locations varied
from 0.004-0.052. Parque Altos de Campana was the
only locality where no vector species was collected. In

35% of the sites sampled, the Shannon-Weiner H’ varied
from 1.03-1.49 and, in 42% of the sites, this index varied
from 0.30-0.96 (Table I).

The number of cases of leishmaniasis registered in
2009 in the regions sampled is shown in Table I. Bocas
del Toro, Colon and Coclé experienced the highest rates
of leishmaniasis incidence, while the San Blas regions
had the lowest incidence of leishmaniasis. Temperature,
precipitation and humidity data are shown in Table I.

The abundance of Lu. panamensis, Lu. gomezi and
Lu. trapidoi varied significantly between the three types
of environments (p < 0.05). This difference, however,
was not verified for Lu. ylephiletor, Lu. sanguinaria, Lu.
olmeca bicolor, Lu. ovallesi, Lu. carrerai and Lu. longi-
palpis (Table 1I).

The analysis of simple correspondence between the
species and the type of environment showed a strong
association of Lu. gomezi and Lu. trapidoi with frag-
mented environments. Lu. olmeca bicolor, Lu. pana-
mensis and Lu. ylephiletor were most strongly asso-
ciated with forest environments and Lu. sanguinaria,
Lu. ovallesi, Lu. carrerai and Lu. longipalpis did not
show any association with any type of environment
(y?: 177,761; df = 16; p < 0,05) (Fig. 2).

When the species diversity at each type of landscape
was examined, the Shannon-Weiner index showed that the
rural environments contained a higher diversity (H” = 1.51)
than the areas with fragmented vegetation (H’ = 1.47) and
the forested areas (H’ = 1.29). The Simpson index, in turn,
showed that forest environments (D = 0.35) frequently
had one dominant species, contrary to our observations
in the fragmented (D = 0.27) and rural environments
(D = 0.25). When the zoophilic species were included in
the analysis, diversity was higher in the forest environ-
ments (H* = 2.41) than fragmented vegetation (H* = 2.01)
and rural environments (H” = 1.99). We also observed
that the Simpson index showed higher dominance in frag-
mented environments (D = 0.20), in rural environments
(D =0.18) and in forest environments (D = 0.12), contrary
to the results with only anthrophilic vector species.

The similarity in sandfly species was 68.4% between
the forest and rural environments; 55.7% between the ru-
ral and fragmented environments and 43.9% between the
fragmented and forest environments. When zoophilic
species are included, the similarity between rural and
fragmented environments reached 57.1%.

DISCUSSION

There are 7,476,836 ha of land in Panama. Of these,
43.36% are still covered by forest, but 33,531.61 ha are
destroyed every year by human activity (ANAM 2009).
This loss in vegetation results in the migration and adap-
tation of some vector species to degraded environments,
increasing their spatial distribution (Service 1991, Walsh
et al. 1993, Grillet 2000, Aguiar & Medeiros 2003).

The data obtained in this study shows the impact
of human activity and deforestation on Lu. gomezi, Lu.
panamensis and Lu. trapidoi, abundant species with wide
distributions in Panama. Earlier studies on sandflies re-
ported the presence of these species in areas with leish-
maniasis outbreaks, but showed that their geographical
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Fo: forest; Fr: fragmented vegetation; Ha: average annual relative humidity; Pa: annual precipitation; Pi: abundance relative; R: rural; Ta: average annual temperature; 3: male; Q: female;

/9 sex ratio.

distributions were restricted to high-humidity forest re-
gions (Chaniotis et al. 1971a, Rutledge & Ellenwood 1975,
Christensen et al. 1983). However, locations with recent
outbreaks have been impacted by deforestation and there
has also been an increase in the incidence of leishmaniasis
in communities near the locations of the outbreaks.

The increase in leishmaniasis cases is due to a combi-
nation of multiple factors, involving changes in climate,
human behaviours, vectors and reservoirs. The changing
pattern of dispersal and the spatial distribution of sand-
flies to new locations are critical factors that may impli-
cate an increased risk of human-vector contact. There
are few similar studies that estimate the expansion of
the vector species, but there are records from studies at
the Gorgas Memorial Institute that were performed in the
1960-1980s that help us understand how the species dis-
tribution has changed. More current information could
be used to alert health officials to what areas may be at
risk for leishmaniasis and could help them evaluate what
kind of intervention may be useful in those areas.

We observed that some species, such as Lu. sangui-
naria, Lu. ovallesi, Lu. olmeca bicolor, Lu. ylephiletor,
Lu. carrerai and Lu. longipalpis, exhibited a discontinu-
ous distribution, i.e., they were identified in localities far
from each other. It is probable, however, that these spe-
cies are also present in the intermediate regions between
the points where they were collected. Therefore, defores-
tation could also be contributing to the expansion of the
geographic distribution of these species. A more inten-
sive sampling and comparative data in the surrounding
regions could be used to test this hypothesis.

Climatic variations, high humidity and the prolonged
rainy season in Panama have fundamental roles in main-
taining the diversity of habitats available to sandflies
(Chaniotis et al. 1971a, Christensen et al. 1983). The de-
struction of the forest and sandfly habitats permits the
establishment of vector species in fragmented zones,
close to peridomestic zones. In the provinces of Panama,
Bocas del Toro, Colén and Veraguas, the sampling loca-
tions are subjected to rain throughout most of the year,
while the wet and dry periods in other regions are clearly
defined. The overall temperature varies by two degrees
between regions. We did not examine the link between
climate variables and species diversity in this study be-
cause of the high variability in climate throughout the
day and between days. However, we may consider per-
forming a further analysis of variations in climate and
sandfly abundance over time in order to observe tempo-
ral distribution patterns and ecological niches.

As observed in the present study, the abundance of
sandfly species was greater in locations with environ-
ments fragmented by human activities. Other authors
have reported that Lu. longipalpis has a wide geographi-
cal distribution (Souza et al. 2009) and is abundant in
anthropic environments (Oliveira et al. 2006). Other
species, such as Lutzomyia withmani, Lutzomyia evansi,
Lutzomyia neivai and Lutzomyia olmeca olmeca, vectors
of ACL agents in different regions of Latin America, are
also abundant in degraded areas or those that have been
altered by agriculture and cattle (Travi et al. 2002, An-
drade Filho et al. 2007, Salomén et al. 2008, Virgens et al.
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2008, Pech-May et al. 2010). Therefore, it has been sug-
gested that the creation of new habitats (stables, chicken
ranges, orchards etc.), new food sources and the accu-
mulation of organic material from domestic animals, in
addition to the conditions of microclimates (temperature
and humidity) of these ecotopes, favour the life cycle of
sandflies and support their population growth in these
habitats (Souza et al. 1999, Dias et al. 2003, Muniz et al.
2006, Monteiro et al. 2008).

The sex ratio analysis suggests that females are more
prevalent than males in almost all locations. This is very
important in terms of the population ecology because the
growth and fitness of the sandfly population depends on
the number of females. The estimated sex ratio should be
considered when studying the best methods for efficient
control of the sandfly population.

The diversity calculated for each individual location
was low, especially considering that the values for the
Shannon-Weiner index varied from 0-5. However, the
results obtained in 35% of the locations indicated a re-
markable coexistence of several vector species in differ-
ent locations. A high diversity was also observed in ru-
ral and fragmented locations while a greater dominance
was observed in the forest, indicating the prevalence of a
single species in this type of environment.

When zoophilic species are included in the analysis,
we observed an increase of diversity in the forest envi-
ronment, greater dominance in the fragmented environ-
ment and similarities between the rural and fragmented
environments. This may be because Lu. camposi and Lu.
dysponeta were more abundant in those environments
and therefore affected the weighting of the index. Based
on our experimental design, we cannot say if these two
species or other zoophilic species could be involved in
transmission of leishmaniasis. Further research into the
vector competence and anthropophily rates of these spe-
cies is required in order to determine if they participate

TABLE 11

Comparison mean of sandfly vector trapped in three different
characteristic landscapes in Panama,January-June 2010

Landscape

Species Forest ~ Fragmented Rural
Lutzomyia panamensis® 0.93% 2.27 1.11%
Lutzomyia gomezi¢ 0.27 1.59¢ 0.93¢
Lutzomyia trapidoi 0.47 1.98¢ 0.41°
Lutzomyia ylephiletor 0.04 0.09 0.04
Lutzomyia sanguinaria 0.01 0.21 0.04
Lutzomyia olmeca bicolor 0.04 0.1 0.09
Lutzomyia ovallesi 0 0.05 0.54
Lutzomyia carrerai 0 0.13 0

Lutzomyia longipalpis 0.05 0.05 0

a, b: distinct letters on the same line indicate significant dif-
ferences in multiple comparison (alpha: 0.05); c¢: significant
differences in Kruskal Wallis test (alpha: 0.05).
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in the epidemiology of the disease. We have not found
any reports of visceral leishmaniasis despite the pres-
ence of Lu. longipalpis found in the community of Li-
mon; the isolation of Lu. longipalpis is interesting be-
cause little is known about this species in Panama. We
also did not find any reports of visceral leishmaniasis
related to cases of cutaneous leishmaniasis.

Sandfly species, especially those that transmit leish-
maniasis, have a high tendency to dominate degraded en-
vironments despite microclimatic changes, demonstrat-
ing their ability to adapt (Peterson & Shaw 2003). The
data on diversity and dominance of species in fragmented
and rural environments of Panama obtained in this study
suggest that these sandfly species are in the process of
adapting to the gradual changes in landscape.

Therefore, human activities had a positive effect on
vector species for leishmaniasis in Panama. Considering
that there is no information on the diversity of sandflies
in Panama prior to forest fragmentation, the results ob-
tained in this study may serve as a baseline for future
monitoring of the effects of the changing environment
on the incidence of ACL in Panama.

Because the frequency of Lu. panamensis, Lu. gomezi
and Lu. trapidoi varies between the different types of en-
vironment, it seems likely that the reduction and fragmen-
tation of forested landscapes influence the abundance and
the composition of sandfly species. These changes in the
sandfly species could be due to migration from forested
to fragmented environments or through the adaptation of
sandflies to new habitats. Additionally, the association of
Lu. gomezi and Lu. trapidoi with fragmented environ-
ments suggests that these species may be better able to
adapt to environmental alterations. The association of
Lu. panamensis, Lu. olmeca bicolor and Lu. ylephiletor
with the forested landscapes indicates that these species
may prefer the conditions of this environment.

In conclusion, multiple factors affect the distribution,
abundance and diversity of sandflies. Fragmentation of for-
ests due to increased agricultural activity in Panama may
be influencing the geographic distribution of three species
of sandflies that are vectors of ACL agents in the country
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(Lu. panamensis, Lu. gomezi and Lu. trapidoi). Analysis
of species abundance and diversity showed that more than
one vector species is often present in rural and fragmented
locations where there have been cases of leishmaniasis.
Although there is an absence of historical data that would
allow us to compare the past and present sandfly popu-
lations in a quantitative manner, this study allows us to
describe the current sandfly population and will enable us
to evaluate the long-term effects of deforestation on the
sandfly population and transmission of leishmaniasis.
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