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ABSTRACT Lutzomyia longipalpis (Lutz and Neiva) is a species complex of Lutzomyia pseudolon-
gipalpis (Arrivillaga and Feliciangeli) and at least three other as yet undeÞned siblings. Isozyme and
mitochondrial studies of allopatric populations across Central and South America have suggested the
presence of four “clades” that have been hypothesized to have arisen mainly because of geographical
isolation mechanisms. Parallel studies of sexual behavior as well as cross-mating and genetic analysis,
of both allopatric and sympatric populations, suggest at least four sibling species that do not seem to
correspond to the deÞned four “clades.” In an effort to understand this apparent discrepancy,
sympatric populations ofL. longipalpis from a single South American country, Brazil, are being studied.
In Brazil, three putative species can be identiÞed by their male-produced sex pheromones: (S)-9-
methylgermacrene-B, 3-methyl-�-himachalene, and a cembrene. We report here that analysis by
coupled gas chromatographyÐmass spectrometry shows that L. longipalpis from Jaṍbas, Minas Gerais
State, Brazil, occurs as two sympatric sex pheromone chemotypes. One chemotype is the cembrene
type previously recorded in a L. longipalpis population from Sobral, Ceará State, Brazil, and the other
is a new cembrene isomer not previously observed inL. longipalpis. The Þnding of this new chemotype
strongly suggests that theL. longipalpis species complex in Brazil consists of four members rather than
the three previously recognized and conÞrms previous analysis of genetic variation that had suggested
the presence of a complex in Brazil.
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Lutzomyia longipalpis is the main vector ofLeishmania
chagasi/infantum (Cunha and Chagas) (Kinetoplas-
tida: Trypanosomatidae), the causative agent of vis-
ceral leishmaniasis in South and Central America.
However, although it is recognized as a species com-
plex, no consensus has been established on the num-
ber or delineation of species. Based on isoenzyme
analysis (Lanzaro et al. 1993, Arrivillaga et al. 2003),
cytogenetic characters (Yin et al. 1999), and mito-
chondrial DNA (Uribe Soto et al. 2001, Arrivillaga et
al. 2002, 2003), four possible “species” or “clades” have
been characterized within this taxon. Furthermore,
Arrivillaga et al. (2003) concluded that there was only
one species in Brazil, although their data showed that
two “clades” were present. Detailed isoenzyme exam-
ination has indicated that L. longipalpis in Brazil is
highly polymorphic (Mukhopadhyay et al. 1998,
Mutebi et al. 1999, Azevedo et al. 2000). Thus, it was
assumed that the two Brazilian “clades” represent a
single genetically heterogeneous “species” (Arrivil-
laga et al. 2003).

These observations contrast with results from cross-
mating experiments (Ward et al. 1983, 1988, Souza et
al. 2002a), copulation song analysis (Souza et al.
2002b), and genetic analysis using nuclear markers
(Bauzer et al. 2002a, b, Bottecchia et al. 2002, Maingon
et al. 2003), which together constitute compelling
evidence for multiple species ofL. longipalpis in Brazil
and indicate that sexual selection is involved in main-
taining species isolation. The Brazilian “species” can
be recognized and deÞned by their sex pheromones
(Lane et al. 1985, Phillips et al. 1986, Hamilton et al.
1999b, c). However, it should be emphasized that
veriÞcation of the biological concept of species as
reproductively isolated populations by cross-mating
studies is needed for a number of the pheromone-
deÞned populations. Male L. longipalpis produce ter-
pene sex pheromones that attract females across sev-
eral meters (Morton and Ward 1989, Kelly and Dye
1997), and along with copulation songs, represent typ-
ical nongeographical prezygotic reproductive barriers
(well described inDrosophilaßies andOstriniamoths;
Futuyma 1998, Coyne and Orr 1998, Thomas et al.
2002). Three different biochemical phenotypes (che-
motypes) of L. longipalpis occur in Brazil and each
consists of distinctly different sex pheromones. The
two homosesquiterpenes are 3-methyl-�-himachalene
(mw 218), found in a population from Jacobina, Bahia
State, and (S)-9-methylgermacrene-B (mw 218),
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found in populations from Lapinha Cave, Minas
Gerais, Montes Claros, Minas Gerais, and Sobral,
Ceará (Hamilton et al. 1996a, b, 1999b, c). The third
sex pheromone is a diterpene (mw 272), partially
characterized as a cembrene isomer (diterpene; mw
272), found only in the northeastern states of Brazil in
populations from Sobral, Ceará; Santarém and Ilha de
Marajó, Pará; Natal, Rio Grande do Norte; and Maceió,
Alagoas (J.G.C.H., unpublished data).

The sex pheromones are produced in glandular tis-
sue that underlies the cuticle (Lane and Ward 1984,
Lane and de Souza Bernardes 1990) in either abdom-
inal segment 3 or segments 3 and 4, and give rise to
one-spot (1S) or two-spot (2S) morphology. How-
ever, there is no relationship between spot morphol-
ogy and sex pheromone type; for example, the 1S
males from Lapinha and Sobral produce (S)-9-meth-
ylgermacrene-B, whereas the 1S males from Marajó
and Santarém produce cembrene. The 2S males from
Jacobina produce 3-methyl-�-himachalene, and the
2S males from Sobral produce cembrene. Despite this
general lack of correlation between sex pheromone
and spot morphology, there are some areas of Brazil
where different sex pheromoneÐproducing popula-
tions (chemotypes) occur sympatrically, and the
males do have different spot morphology. One-spot
males from Sobral, for example, produce (S)-9-meth-
ylgermacrene-B, whereas the 2S males produce cem-
brene. A similar site occurs in Januária, MG, where the
1S L. longipalpis were reported to possess a methyl-
sesquiterpene, and the 2S form, a diterpene (Ward et
al. 1990). These sympatric populations are useful be-
cause the different chemotypes can be readily iden-
tiÞed by visual inspection before biochemical analysis
and thus allow us to conduct experiments to under-
stand the roles of both pre- and postmating barriers in
maintaining speciation within the L. longipalpis com-
plex.

Recently one of us (R.P.B.) collected L. longipalpis
in a site where previous collections had shown the
presence of both 1S and 2S male sandßies. The ob-
jective of this study was to determine the pheromone
type of these two sympatric populations.

Materials and Methods

L. longipalpiswere collected in Jaṍbas, Minas Gerais
State, Brazil (15�3�20� S, 43�8�50� W) on the nights of
16 and 17 April 2003 (ambient temperature, 27Ð30�C).
Males were collected using both CDC light traps
placed in chicken coops overnight and by direct as-
piration of males from the chicken and sides of the
chicken coop between 1800 and 2100 hours. Two lo-
cations 5 m apart within the Jaṍbas site were sampled;
1S and 2S males in approximately equal proportions
were found at each location. No intermediate spot
forms(Wardetal. 1988)were found. In total, 811Sand
137 2SL. longipalpiswere collected along with several
other species (L. ischnacantha, L. renei, L. forattinii, L.
sallesi, and L. quinquefer). Sandßies were kept alive in
Baraud cages and returned to the laboratory, where
they were killed by placing them in a �20�C freezer

for 20Ð30 min. All male L. longipalpiswere tentatively
identiÞed by examination of external morphological
features and separated from females and other species.
Individuals were placed in single, ßame-cleaned Pas-
teur pipette ampoules, covered with 30 �l of hexane
(Spectroscopic grade; EM Science, Gibbstown, NJ),
and ßame sealed. Samples were stored at �20�C until
analysis. These tentative identiÞcations were con-
Þrmed by thorough morphological examination after
chemical analysis.
Analysis. The hexane extracts of 15 individual male

Jaṍbas 1S and 17 individual Jaṍbas 2S males were an-
alyzed by gas chromatographyÐmass spectroscopy
(GC-MS) (Hamilton et al. 1999a) on a HewlettÐPack-
ard 5890 II� gas chromatograph with an HP-5MS
capillary column (Agilent Technology, Stockport,
United Kingdom). After the hexane extract was re-
moved for GC-MS analysis, the bodies were preserved
in 70% ethanol before morphological examination.

Standards containing commercially available n-al-
kanes (C12ÐC21; 10 ng/�l; Sigma Aldrich, Dorset,
United Kingdom) were used to provide relative re-
tention time/scan data. Extracts of L. longipalpis from
Sobral 2S, Santarém, and Marajó males were also used
to provide comparative retention time and mass spec-
tral data.
Confirmation of Species Identity. To conÞrm the

tentative species identiÞcation of male L. longipalpis
made in the Þeld after GC-MS analysis of the hexane
extract, all bodies were preserved in ethanol and were
mounted individually on glass slides for detailed mor-
phological examination and species identiÞcation
(Young and Duncan 1994).

Results and Discussion

The results show that L. longipalpis in Jaṍbas, Brazil,
occur as two sympatric populations, both of which
produce diterpene sex pheromone compounds. The
major and minor diterpene sex pheromone com-
pounds produced by the Jaṍbas 2S population have the
same retention times and mass spectra as those diter-
penes found in the Sobral 2S, Santarém (2S), and
Marajó (1S) L. longipalpis populations (Ward et al.
1988, Hamilton et al. 1999a, Maingon et al. 2003). In
comparison, the major and minor diterpene sex pher-
omone compounds produced by the Jaṍbas 1S popu-
lation are different, with later retention times and
unique mass spectra, from any other L. longipalpis
population previously studied. Detailed morphologi-
cal examination of all individual L. longipalpis after
biochemical analysis conÞrmed that both the Jaṍbas 1S
and 2S populations were L. longipalpis. Therefore, in
addition to the previously recorded diterpene and two
methylsesquiterpene L. longipalpis chemotypes, the
Jaṍbas 1S population is a new chemotype. The chem-
ical presumably has a similar role, i.e., to provide a
species isolation mechanism (Jones and Hamilton
1998), as the terpene chemicals in the other members
of the complex and provides an early barrier to cross-
mating that would be reinforced by the courtship/

1022 JOURNAL OF MEDICAL ENTOMOLOGY Vol. 41, no. 6



copulation songs that are present within the L. longi-
palpis species complex (Souza et al. 2002b).

The chromatograms for the two Jaṍbas populations
and the Santarém control population are given in Fig.
1. The retention time (Rt) of the major diterpene
component of the Jaṍbas 1S population is at 20.88 min
(peak a; 89%; the percentage value refers to the rel-
ativeabundanceof thepeakas aproportionof the total
terpene content present in the extract). Another
diterpene compound was present as a minor compo-
nent, i.e., an abundance of �10% of the total diterpene
content (peak b;Rt � 20.20 min; 10%). Trace amounts
(incomplete spectra) of diterpenes were seen at Rt �
19.75, 19.87, and 20.74 min.

The retention times of the major diterpene com-
ponents of the Jaṍbas 2S and Santarém 2S populations
are at 20.74 min (peak c; 79%). Minor diterpene com-
pounds were present at 20.54 (peak f; 3.5%), 20.85
(peakd;13%), and 20.90 min (peak e;4%). A diterpene

was also present in trace amounts at 20.55 min. The
chromatograms of the Jaṍbas 2S, Santarém 2S, Marajo
1S, and Sobral 2S populations are superimposable,
indicating a very high level of similarity.

The mass spectra of the principle (most abundant)
diterpene compounds of the Jaṍbas 1S, Jaṍbas 2S, and
Santarém 2S populations are shown in Fig. 2. The
Jaṍbas 2S and Santarém 2S spectra are substantially
different in shape and ion composition from the Jaṍbas
1S spectra. The Jaṍbas 2S and Santarém 2S spectra are
characterized by a base peak (most abundant ion) at
mass/charge ratio (m/z) 257 and a very strong peak at
m/z 109. In comparison, the Jaṍbas 1S spectrum has a
base peak at m/z 119. The 257 m/z ion is present, and
although relatively strong, its abundance is reduced to
�50%. The Jaṍbas 2S and Santarém 2S spectra are the
same as the spectra of the major diterpenes found in
both Marajo 1S and Sobral 2S L. longipalpis popula-
tions. This compound from Sobral 2S males has been

Fig. 1. Total ion current (TIC) chromatograms of individual male L. longipalpis from (A) Jaṍbas (1S population), (B)
Jaṍbas (2S population), and (C) Santarém population. Peaks with the same letter in different chromatograms are the same
compound as conÞrmed by retention time and mass spectral comparisons.
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partially characterized as a novel monocyclic cem-
brene isomer (J.G.C.H., unpublished data). Similarly,
the minor diterpene mass spectra proÞles are the same
for the Jaṍbas 2S, Santarém 2S, Marajo 1S, and Sobral
2S populations. Thus, the Jaṍbas 1S major diterpene is
different from those seen previously.

There was no evidence of the presence of (S)-9-
methylgermacrene-B or 3-methyl-�-himachalene in
either the Jaṍbas 1S or 2S population.

A diterpene was Þrst identiÞed in a population of L.
longipalpis from Morada Nova, Ceará State, Brazil

(Lane et al. 1985), and subsequently from Sobral (2S
population) Ceará, Santarém Pará, and Marajo Pará
(Phillips et al. 1986). Diterpenes have also been found
in two other species of South American sandßies, L.
pessoai and L. lenti (Hamilton and Ward 1994, Ham-
ilton et al. 2002). In both cases, the diterpenes are
believed to be cembrenes, although their mass spec-
tral details are substantially different from those
found in the Jaṍbas 1S and 2S L. longipalpis. It is
likely that these compounds are all cembrene struc-
tural isomers.

Fig. 2. Electron impact mass spectra of (A) peak a, the major diterpene component of the extract from male Jaṍbas 1S
L. longipalpis, (B) peak c, the major diterpene component of male Jaṍbas 2S L. longipalpis, and (C) Santarém, L. longipalpis.
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Although the demonstration of four chemotypes of
male sex pheromones in Brazilian L. longipalpis pop-
ulations does not in itself imply that these are sibling
species, both the role of these courting signals in
establishing prezygotic mating barriers and the re-
portedly higher frequency of ethological isolation of
sympatric versus allopatric species in Drosophila
strongly suggests that they may prove to be true L.
longipalpis“species” or “semispecies,” depending on
the extent and direction of their relative gene ßow,
rather than only “races.” Recently and in this context,
Maingon et al. (2003) used nuclear microsatellite
markers to show signiÞcant genetic differentiation
(FST � 0.229; P � 0.001) and correspondingly negli-
gible gene ßow (Nem � 0.84) between Sobral 1S and
2S phenotype L. longipalpis males that produce dis-
tinctly different sex pheromones. This result com-
bined with song analysis (Souza et al. 2002b), cross-
mating studies (Ward et al. 1988, Souza et al. 2002a),
and per and cac gene polymorphisms (Bauzer et al.
2002a, b, Bottecchia et al. 2002) led to the conclusion
that, as shown by the Sobral populations, the Brazilian
L. longipalpis fauna was indeed a species complex.
Speciation within Brazil is further supported by the
presence of two clades (“cis-Andean” at the Brazilian
side of the Venezuelan Roraima mountain formation
and the “Brazilian” elsewhere in Brazil) as reported by
Arrivillaga et al. (2003).

The new chemotype described here suggests that,
in Brazil, theL. longipalpis species complex consists of
at least four reproductively isolated chemotypes
rather than the two or three previously recognized
(Arrivillaga et al. 2003, Maingon et al. 2003). While
further work on the extent of gene ßow between these
chemotypes by microsatellite and cross-mating stud-
ies is in progress, the importance of undertaking a
study of the factors that act as reproductive isolation
barriers when discriminating between “clades” and
allopatric populations cannot be overemphasized. The
study of sympatric populations provides a useful plat-
form for understanding the molecular basis for spe-
ciation in L. longipalpis. Comprehending the status of
the L. longipalpis species complex in South and Cen-
tral America is of great importance in appreciating the
epidemiology, transmission, and ultimately in direct-
ing our resources to the amelioration or control of
leishmaniasis.
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