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Introduction

Abstract

Entomological surveys in the state of Maranhao have recorded
morphologically distinct populations of Lutzomyia longipalpis (Lutz
& Neiva). Some populations have one pair of spots (1S) on the fourth
tergite, while others have two pairs (2S) on the third and fourth
tergites of males. In the present study we investigated the degree of
genetic polymorphism among four populations in the municipalities
of Caxias, Cod6 and Raposa, in the state of Maranhdo, Brazil, by using
RAPD (Random Amplified Polymorphic DNA) markers. A total of
35 loci were identified, of which 30 were polymorphic. The highest
polymorphism was observed with primer OPA 4, which produced
11 different profiles. Genetic diversity was assessed using grouping
methods that produced a dendrogram in which the genotypes could
be clearly separated into two main clades according to the number
of spots on the male abdominal tergites. One cluster contained the
populations from Caxias and Codd, and the other was formed by the
populations from Raposa and Codd. The results of our RAPD analysis
showed a clear separation between the populations with one and
two pairs of spots. The epidemiologic significance of this genetic
differentiation should be investigated in future studies.

between some populations. The resulting geographic
isolation favors genetic divergence and speciation, which

Lutzomyia longipalpis (Lutz & Neiva) is the principal
vector of the causal agent of visceral leishmaniasis (VL)
in Central and South America (Lainson & Rangel 2005).
Itis found in an area that extends from southern Mexico
to northern Argentina (Young & Duncan 1994) and
includes a variety of biomes, such as the Atlantic forest,
cerrado (savanna-like grasslands) and caatinga (an area
with xerophilous spiny trees and shrubs), as well as
various types of climate and relief. These characteristics,
whose effect is amplified by the short distance these
phlebotomines can fly, can act as geographic barriers

are not only important from an evolutionary perspective,
but can also lead to variations in characteristics that
are of epidemiologic interest (Lanzaro et al 1993, Uribe
1999).

Studies supporting the hypothesis of the existence
of a complex of species have been conducted using
different methods to evaluate different populations of
L. longipalpis, such as analysis of hybridization (Ward et
al 1983), sex pheromones (Ward et al 1988, Hamilton et
al 1996, 2005), isoenzyme profile analysis (Lanzaro et
al 1993, Arrivillaga et al 2000), cytogenetic characters
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(Yin et al 1999), male copulation songs (Sousa et al
2002, 2004, Araki et al 2009), analysis of mitochondrial
DNA (Arrivillaga et al 2003) and microsatellite markers
(Maingon et al 2003, Watts et al 2005).

Since the 60’s males of L. longipalpis were observed
to present a morphological differentiation in the number
of abdominal spots in different geographic regions of
Brazil (Mangabeira 1969). Males of L. longipalpis with
a single pair of abdominal spots on the fourth tergite
(1S) are broadly and discontinuously distribute all over
South and Central America. On the other hand, males
having two pairs of abdominal spots on the third and
fourth abdominal tergites (2S) are more concentrated
in Northeast regions of Brazil. It has been argued that
the presence of abdominal spots is suggestive that L.
longipalpis is a species complex (Ward et al 1985).

Other variations in populations of L. longipalpis
from Central and South America have been reported,
such as behavioral, morphological and biochemical
characteristics (Dias et al 1998, Lampo et al 1999, Araki
et al 2009), and the existence of reproductive isolation
among populations from Central and South America
mediated by different sex pheromones has been already
suggested (Ward et al 1988).

Four types of pheromones are known to be produced
by L. longipalpis males (Hamilton et al 1999, 2004),
which are released by secretory glands located near
the abdominal spots (Lane & Ward 1984, Spiegel et al
2002, Hamilton 2008). Hamilton et al (2005) reported
no correlation between morphology of the abdominal
spots and the type of pheromone produced. On the
other hand, recent molecular data associated with the
analysis of male copulation songs and pheromones of
L. longipalpis from different regions of Brazil suggest
the existence of two main groups of populations (Araki
et al 2009). The first group represents a single species
with males producing Burst-type copulation songs and
cembrene-1 as pheromone, while the second group is
more heterogeneous and probably represents a number
of incipient species producing different combinations of
songs and pheromones, demonstrating a high level of
divergence and gene-flow complexity among populations
of L. longipalpis in Brazil (Araki et al 2009).

Other studies supporting or refuting the hypothesis
of a species complex in Latin America have been carried
outin an attempt to determine the taxonomic status of L.
longipalpis. However, although L. longipalpis is considered
to be a species complex, there is no consensus on the
delimitation among members of the complex, differences
among the species or their distribution (Bauzer et al
2007). Currently, only Lutzomyia pseudolongipalpis
(Arrivillaga & Feliciangeli), from Venezuela, is recognized
as a distinct species of L. longipalpis (Arrivillaga &
Feliciangeli 2001).

Entomological surveys in the state of Maranhao
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(Rebélo et al 1999ab, 2010) detected that L. longipalpis
is widely distributed in the state and is associated
with phytogeographic regions and endemic areas of
visceral leishmaniasis. In light of the growing number
of cases of VL recorded in urban areas and the presence
of morphologically distinct populations (one and two
abdominal spots), the aim of this study was to evaluate
the genetic basis of morphological differences between
males of these populations of sandflies in endemic areas
of visceral leishmaniasis.

Material and Methods

Area studied

The study was carried out in three endemic areas for VL
in the state of Maranhao: the municipalities of Raposa,
Caxias and Cod6 where L. longipalpis with different
phenotypic patterns can be found.

Caxias and Codo, which are located east in the state,
are characterized by mixed cerrado and babassu palms
(Orbignya phalerata) and a climate that is a transition
from semi-humid to semi-arid. The municipality of
Raposaislocated in Sdo Luis Island and presents a semi-
humid climate and secondary vegetation (IBGE 2009).
The town of Raposa is approximately 290 km away from
Cod6 and 100 km away from Caxias.

Phlebotomines were collected during 2007 with
battery-operated CDC (Centers for Disease Control) light
traps installed in peridomiciles in the study areas for 12
h (6 pm to 6 am). The insects captured were stored in
freezer, identified under a stereomicroscope according to
Young & Duncan (1994) and registered by collection area
and morphological pattern of spots on the tergites.

DNA extraction and RAPD-PCR analysis

DNA was extracted from 40 L. longipalpis males (10
from each population), according to Mukhopadhyay et al
(1998). Ten Melipona fasciculata (Smith) bees were used
as outgroups. In all amplification reactions, ultrapure
water was used as a negative control. DNA was extracted
by adding 20 pl of STE buffer (0.1 M NaCl, 10mM Tris-
HCI pH 8.0, 1mM EDTA) to each specimen, and heating
at 95°C for 10 min. Specimens were then macerated and
the same buffer added to a final volume of 50 pl. Samples
were heated again at 95°C for 10 min and centrifuged at
348 g for 2 min. The supernatant containing the DNA (40
ul) was collected and used for further analysis.

The DNA was amplified by RAPD-PCR in a Model
MJ96+ Peltier Thermal Cycler, according to Lima et al
(2000). The amplification reactions were prepared in a
final volume of 30 pl containing 1 x buffer (20 mM Tris-HCI
pH 8.4,50 mM KCl, 2.5 mM MgCl,), 0.2 mM dNTP mix, 1.3
uM primer, 2.0U Taq DNA polymerase and 2 pul of DNA. The
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PCR amplification conditions were as follows: an initial
denaturation step of 3 min at 94°C followed by five cycles
of 1 min at 93°C, 40s at 35°C and 2 min at 72°C; 40 cycles
of 1 minat93°C,40sat42°Cand 2 min at 72°C; and a final
extension of 5 min at 72°C. The amplification products (2
ul) were subjected to electrophoresis in a 1.5% agarose
gelin TBE buffer (90mM Tris-borate, ImM EDTA) at 90 V
for 2h. Gels were stained with ethidium bromide (0.1 mg/
ul) and recorded in a UV photodocumentation system.

RAPD-PCR reactions were performed individually
for each of the twenty primers tested. There was no
intrapopulation variation in any of the analyses carried
out. We then performed 40 amplifications using pools
of 10 males from each population for interpopulation
analysis. Primers OPA-3 (5’AGT CAG CCA C3’), OPA-4
(5’AAT CGG GCT G3’), OPA-9 (5'GGG TAA CGC C3’)
and OPA-15 (5'TTC CGA ACC C3’) were then chosen
according to the quality of the bands generated and the
reproducibility of the experiments.

Statistical analysis

Only the most visible bands were chosen as molecular
markers and scored as present (1) or absent (0) in the
populations studied to produce a binary matrix for each
locus selected. To calculate the genetic similarity indices,
the binary matrix was subjected to the unweighted pair-
group average (UPGA) method to constructa dendrogram
using the STATISTIC version 7.1 software. The binary
matrix was also used to calculate the percentage of
polymorphism obtained with each primer according to
the following formula: P = nbp/nbt, where P = percentage
polymorphism (or polymorphism rate),nbp = number of
polymorphic bands, andnbt = number of total bands.

Results

Of the twenty primers that could potentially be used to
analyze populations of L. longipalpis, only four (OPA-3,
OPA-4, OPA-9 and OPA-15) (Table 1) were selected from
our preliminary RAPD-PCR tests, as they produced
informative, reproducible and clear information on the
genetic variation for the specimens and populations
studied (Fig 1).

All primers selected produced different RAPD
fragment patterns. The number of clear and reproducible
fragments generated by these primers varied from five
to 12, and the size of the amplification products varied
from 400 to 2072 bp. The average number of amplicons
produced per primer was 8.7.

The four primers used yielded the amplification of
35 loci. Of all the amplicons analyzed, 30 (85.7%) were
polymorphic (Table 1). Primer OPA-4 produced the
largest number of total and polymorphicloci, and OPA-15
the smallest number of total loci (five). The percentage
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Table 1 Polymorphism pattern detected by RAPD-PCR in
four populations of Lutzomyia longipalpis.

. Number of Number of Polymorphism
Primers . . . .
loci obtained  polymorphic loci (%)
OPA-3 10 7 70.0
OPA-4 12 11 92.0
OPA-9 8 7 87.5
OPA-15 5 5 100.0
Total 35 30 -

of polymorphic loci varied between 70% (OPA-03) and
100% (OPA-15). The fact that polymorphism was detected
with all of the primers used showed that there is a high
degree of genetic variability among the populations
studied.

The genetic distance varied between 0.15 and 0.50
(Table 2). The shortest genetic distance (0.15) was
observed between populations of males with a single
pair of spots collected in Caxias and Codd (neighboring
municipalities 100 km apart), while the greatest
(0.50) was observed between populations in the same
municipalities but with different phenotypes (one or two
pairs of spots), yielding two very distinct clades. One clade
included the Caxias 1S and Cod6 1S populations (a single
tergite spot), and the other, the Raposa 2S and Cod6 2S
populations (2 tergite spots) (Table 2, Fig 2).

Discussion

The degree of polymorphism observed in this study agrees
with the findings of Balbino et al (2006), who investigated
the genetic structure of seven natural populations of L.
longipalpis in the Northeast of Brazil (Sdo Luis, Teresina,
Patos, Jodo Pessoa, Itamaraca, Calumbi), using RAPD
molecular markers. They detected a high degree of
genetic variation among these populations when they
analyzed the 24 amplified fragments obtained using three
primers. Despite the usual problems associated with
the reproducibility of RAPD markers, the high degree
of polymorphism observed with L. longipalpis indicates
these markers are a viable alternative tool for wide range
studies on the genetic makeup and differentiation of
populations of L. longipalpis.

Our results revealed two groups that coincided
with the morphological characteristics observed in
males. First, the populations with the shortest genetic
distances were those with one pair of spots, which
came from the municipalities that were geographically
closest (Caxias and Codd), showing that the species
examined may belong to the same population and
that the short genetic distance detected may just be
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Fig 1 RAPD profile generated by the primers OPA-03 (a), OPA-04 (b), OPA-09 (c) and OPA-15 (d) in samples from males with one
and two pairs of abdominal spots from Lutzomyia longipalpis populations captured in three different regions of Maranhdo endemic
for VL. M = marker; OG = outgroup (bee); 1 = population with two pairs of spots collected in Raposa; 2 = population with one pair
of spots collected in Caxias; 3 = population with one pair of spots collected in Codé; 4 = population with two pairs of spots collected

in Codo.

the result of intrapopulation variability. Secondly, the
populations with the greatest genetic distances belong
to the two distinct phenotypes (one and two pairs of
spots) from the neighboring municipalities mentioned

Table 2 Genetic distance matrix among the Lutzomyia
longipalpis populations obtained using STATISTIC version
7.0 and the binary matrices constructed based on the
presence or absence of RAPD markers.

Variable Bee Raposa Caxias Cod6  Codd
(2S) (1S) (1S) (2S)

Bee 0.00

Raposa (2S) 0.69 0.00

Caxias (1S) 0.69 0.42 0.00

Codé (19) 0.71 0.31 0.15 0.00

Codbd (2S) 0.48 0.33 0.50 0.48 0.00

504

Tree diagram for variables
unweighted pair-group average
percent disagreement

Abelha

Raposa (2M)1

Codé (2M)1

Caxias (1M)1

Codo (1M)1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Linkage distance

Fig 2 Dendrogram of Lutzomyia longipalpis populations with one
and two pairs of spots on the abdominal tergites produced using
STATISTIC version 7.0 and binary matrices constructed based on
the presence or absence of RAPD markers.
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above. Therefore, our data suggest that although species
belong to the same ecological region, they may belong to
different populations/species that segregated as a result
of selective pressures, such as different pheromones
and pre-mating behavior, therefore, reducing gene flow
between these populations. The two populations in which
males have two pairs of spots showed moderate genetic
distance between them. This can be explained by the
geographic distance between the cities where they were
collected (Raposa and Cod6).

The suggestion of the existence of a complex of cryptic
species in the Brazilian populations is not new. Maingon
etal (2008) described different types of behavior among
these males in terms of the sounds they make during
precopulatory courting and the type of sex pheromone
they produce, and correlate these with the two phenotypes
(one or two pairs of spots on the abdominal tergites).
These authors also discussed the reproductive isolation
in the different populations and stressed the importance
of population substructures in the epidemiology of VL,
which is also supported by our data.

Our results also support the findings of a study by Lins
et al (2008), who identified a clear difference between
two populations of males with one and two pairs of spots
collected in Sobral (CE), using the paralytic (para) gene.
This gene encodes for a sodium channel associated with
resistance to pyrethroid insecticides and production of
courtship songs in Drosophila melanogaster (Meigen),
as a molecular marker. Lins et al (2008) were the first
authors to demonstrate the association of the para gene
with fixed differences between these two populations,
raising the possibility that they may be associated with
an incipient process of resistance to insecticides in these
populations of L. longipalpis.

A better understanding of the genetic, evolutionary
and epidemiologic significance of the one-pair-of-spots
and two-pairs-of-spots male phenotypes of L. longipalpis
can be gained from a comparative analysis of sympatric,
such as those in the municipality of Cod6, and allopatric
populations, such as those in the municipalities of Raposa
and Caxias. Our RAPD data showed a clear separation
between populations with one and two pairs of spots,
supporting recent studies that suggest that these distinct
phenotypes may reflect the existence of subspecies or
cryptic species. Given the importance of L. longipalpis as
a vector of leishmaniasis the epidemiologic significance
of each phenotype should be investigated in more detail
in future studies.

Acknowledgments

To the Conselho Nacional de Desenvolvimento Cientifico
e Tecnologico - CNPq (Project 410481/2006-8) for
financial support.

Neotrop Entomol 40(4): 501-506 © 2011 Sociedade Entomolégica do Brasil

Genetic Differentiation of Lutzomyia longipalpis

References

Araki AS, Vigoder FM, Bauzer LG, Ferreira GE, Souza NA, Araujo
IB, Hamilton ]G, Brazil RP, Peixoto AA (2009) Molecular and
behavioral differentiation among Brazilian populations of
Lutzomyia longipalpis (Diptera: Psychodidae: Phlebotominae).
PLoS Negl Trop Dis 3: e365.

Arrivillaga ]C, Feliciangeli MD (2001) Lutzomyia pseudolongipalpis:
the first new species within the longipalpis (Diptera:
Psychodidae: Phlebotominae) complex from La Rinconada,
Curarigua, Lara State, Venezuela. ] Med Entomol 38: 783-790.

Balbino VQ, Coutinho-Abreu IV, Sonoda IV, Melo MA, Andrade PP,
Castro JAF, Rebelo JMM, Santos MSC (2006) Genetic structure
of natural populations of the sand fly Lutzomyia longipalpis
(Diptera: Psychodidae) from the Brazilian northeastern region.
Acta Trop 98: 15-24

Bauzer LGSR, Souza NA, Maingon RDC, Peixoto AA (2007) Lutzomyia
longipalpis in Brazil: a complex or a single species? A mini-
review. Mem Inst Oswaldo Cruz 102: 1-12.

Bauzer LGSR, Souza NA, Ward RD, Kyriacou CP, Peixoto AA (2002)
The period gene and genetic differentiation between three
Brazilian populations of Lutzomyia longipalpis. Insect Mol Biol
11:315-323.

Dias ES, Fortes-Dias CL, Stiteler JM, Perkins PV, Lawyer PG (1998)
Random amplified polymorphic DNA (RAPD) analysis of:
Lutzomyia longipalpis laboratory populations. Inst Med Trop
Sao Paulo 40: 49-53

Halfeld-Vieira BA, Souza RM, Figueira AR, Boari AJ (2001)
Identificacdo de Xanthomonas axonopis pv. phaseoli e X. axonopis
pv. phaseolivar. fuscans através da técnica de PCR. Fitopatol Bras
26: 737-740.

Hamilton JCG, Brazil RP, Maingon R (2004) A fourth chemotype of
Lutzomyia longipalpis (Diptera: Psychodidae) from Jaibas, Minas
Gerais State, Brazil. ] Med Entomol 41: 1021-1026.

Hamilton]GC, Dawson GW, Pickett]A (1996) 9-Methyl-germacrene-B:
proposed structure for novel homoses-quiterpene sex pheromone
glands of Lutzomyia longipalpis (Diptera: Psychodidae) from
Lapinha, Brazil. ] Chem Ecol 22: 1477-14791.

Hamilton JGC, Ibbotson HC, Hooper AM, Mori K, Picket JA, Sano S
(1999) 9- Methylgermacrene-B confirmed by synthesis as the
sex pheromone of the sandfly 57 Lutzomyia longipalpis from
Lapinha, Brazil, and the absolute stereochemistry defined as
9S. Chem Commun 8: 2335-2336.

Hamilton JGC, Maingon RD, Alexander B, Ward RD, Brazil RP
(2005) Analysis of the six pheromone extract of individual male
Lutzomyia longipalpis sandflies from six regions in Brazil. Med
Vet Entomol 19: 480-488.

IBGE - Instituto Brasileiro de Geografia e Estatistica (2009)
Available from: http://www.ibge. gov.br/. [Accessed December
12 2009].

Lampo M, Torgerson D, Marquez LM, Rinaldi M, Garcia CZ, Arab A
(1999) Occurrence of sibling species of Lutzomyia longipalpis
(Diptera: Psychodidae) in Venezuela: first evidence from

505



Genetic Differentiation of Lutzomyia longipalpis

reproductively isolated sympatric populations. Am ] Trop Med
Hyg 61: 1004-10009.

Lane R, Ward RD (1984) The morphology and possible function of
abdominal pacthes in males of the two forms of the leishmaniasis
vector Lutzomyia longipalpis. Ent Med Parasitol 22: 245-249.

Lanzaro GC, Ostrovska K, Herrero MV, Lawyer PG, Warburg A (1993)
Lutzomyia longipalpis is a species complex: genetic divergence
and interspecific hybrid sterility among three populations. Am
J Trop Med Hyg 48: 839-847.

Lima LHC, Navia DI, PW, Oliveira MRV (2000) Survey of Bemisia
tabaci (Gennadius) (Hemiptera: Aleyrodidae) biotypes in Brazil
using RAPD markers. Gen Mol Biol 23: 781-785.

Lins RMMA, Souza NA, Peixoto AA (2008) Genetic divergence
between two sympatric species of the Lutzomyia longipalpis
complex in the paralytic gene, alocus associated with insecticide
resistance and lovesong production. Mem Inst Oswaldo Cruz
103:7

Maingon RDC, Ward RD, Bauzer LGSR, Peixoto AA (2008) The
Lutzomyia longipalpis species complex: does population sub-
structure matter to Leishmania transmission? Trends Parasitol
24:12-16.

Maingon RDC, Ward RD, Hamilton JGC, Noyes HA, Souza N, Kemp
SJ, Watts PC (2003) Genetic identification of two sibling species
of Lutzomyia longipalpis (Diptera: Psychodidae) that produce
distinct male sex pheromones in Sobral, Ceara State, Brazil. Mol
Ecol 12: 1879-1894.

Mangabeira O (1969) Sobre a sistematica e biologia dos fleb6tomos
do Ceara. Rev Bras Mal Doen Trop 21: 3-26.

MS - Ministério da Saude, Secretaria de Vigilancia Epidemioldgica
em Saude, Departamento de Vigilancia Epidemioldgica (2008)
Available from: http://portal.saude.gov.br/. [Accessed December
12 2008].

Mukhopadhyay ], Ghosh K, Rangel EF, Munstermann LE (1998)
Genetic variability in biochemical characters of Brazilian field
populations of the Leishmania vector, Lutzomyia longipalpis
(Diptera: Psychodidae). Am ] Trop Med Hyg 59: 893-901.

Rebélo JMM, Leonardo FS, Costa JML, Pereira YNO, Silva FS (1999b)
Flebotomineos (Diptera, Psychodidae) de area endémica de
leishmanioses na regido dos cerrados, estado do Maranhdo,
Brasil. Cad Satude Publ 15: 623-630.

Rebélo JMM, Rocha RV da, Moraes JLP, Silva CRM da, Santos FS, Alves
GA (2010) the fauna of phlebotomines (Diptera:Psychodidae)
in different phytogeographic regions of the state of Maranhdo,
Brazil. Rev Bras Entomol 54: 494-500

Rebélo JMM, Oliveira ST, Silva FS, Barros VLL, Costa JML (1999a)
Fleb6tomos (Diptera: Psycodidae) da ilha de Sao Luis, zona do
Golfao Maranhense. Rev Soc Bras Med Trop 33: 247-253.

Souza NA, Andrade-Coelho CA, Vigoder FM, Ward RD, Peixoto AA
(2008) Reproductive isolation between sympatric and allopatric
Brazilian populations of Lutzomyia longipalpis s.I. (Diptera:
Psychodidae). Mem Inst Oswaldo Cruz 103: 216-219.

Souza NA, Vigoder FM, Araki AS, Ward RD, Kyriacou CP, Peixoto AA

506

Silva et al

(2004) Analysis of the copulatory courtship songs of Lutzomyia
longipalpis in six populations from Brazil. ] Med Entomol 41:
906-913.

Souza NA, Ward RD, Hamilton ]G, Kyriacou CP, Peixoto AA (2002)
Copulation songs in three siblings of Lutzomyia longipalpis
(Diptera: Psychodidae). Trans R Soc Trop Med Hyg 96: 102-
103.

Spiegel CN, Brazil RP, Soares M] (2002) Ultrastructure of male
sex pheromone glands in abdominal tergites of five Lutzomyia
sandfly species (Diptera: Psychodidae). Arthropod Structure &
Development 30: 219-227.

Steindel M (1993) Caracterizagdo de cepas de Trypanosoma rangelie
Trypanosoma cruziisoladas de reservatorios e vetores silvestres
em Santa Catarina, Dr thesis, Universidade Federal de Minas
Gerais, Belo Horizonte, 165p.

Tibayrenc M, Neubauer K, Barnabe C, Guerrini F, Skarecky D, Ayala F]
(1993) Genetic characterization of six parasitic protozoa: parity
between random-primer DNA typing and multilocus enzyme
electrophoresis. Proc Nat Acad Sci USA 90: 1335-1339.

Uribe S (1999) The status of the Lutzomyia longipalpis species
complex and possible implications for Leishmania transmission.
Mem Inst Oswaldo Cruz 94: 729-734.

Ward RD, Phillips A, Burnet B, Marcondes CB (1988) The Lutzomyia
longipalpis complex: reproduction and distribution, p.258-269.
In Service MW (ed) Biosystematics of haematophagous insects.
Oxford University Press, 366p.

Ward RD, Ribeiro AL, Ready PD, Murtagh A (1983) Reproductive
isolation between different forms of Lutzomyia longipalpis (Lutz
& Neiva, 1912) (Diptera: Psychodidae) the vector of Leishmania
donovani chagasi Cunha & Chagas and its significance to Kala-
azar distribution in South America. Mem Inst Oswaldo Cruz
78: 269-280.

Ward RD, Ribeiro AL, Ryan L, Falcdo AL, Rangel EF (1985) The
distribution of two morphological forms of Lutzomyia longipalpis
(Lutz and Neiva) (Diptera: Psychodidae). Mem Inst Oswaldo
Cruz 80: 145-148.

Watts PC, Hamilton ]G, Ward RD, Noyes HA, Souza NA, Kemp
S], Feliciangeli MD, Brazil R, Maingnon RD (2005) Male sex
pheromones and phylogeographic structure of the Lutzomyia
longipalpis species complex (Diptera: Psychodidae) from Brazil
and Venezuela Amer ] Trop Med Hyg 73: 734-743.

Welsh ], Petersen C, Mcclelland M (1991) Polymorphisms generated
by arbitrary primed PCR in the mouse: application to strain
identification and genetic mapping. Nucleic acids research 19:
303-306.

Yin H, Mutebi JP, Marriott S, Lanzaro GC (1999) Metaphase
karyotypes and G-banding in sandflies of the Lutzomyia
longipalpis cmplex. Med Vet Entomol 13: 72-77.

Young DC, Duncan NA (1994) Guide to the identification and
geographic distribution of Lutzomyia sandflies in Mexico, the
West Indies, Central and South America (Diptera: Psychodidae).
Mem Amer Ent Inst 54: 1-881.

Neotrop Entomol 40(4): 501-506 © 2011 Sociedade Entomoldgica do Brasil



