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Ootaxonomic Investigation of Five Lutzomyia Species
(Diptera, Psychodidae) from Venezuela
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The eggshell fine structure of five sand fly species from Venezuela belonging to theitpmmgia
(L. migonei, L. ovallesi, L. absonodonta, L. gomenrid L. panamensisjvas examined by scanning
electron microscopy. The chorionic sculpturing.ofnigonei, L. ovallesi, L. absonodordadL. gomezi
was characterized by series of columns arranged in palisade to form sinuous ridges. In inter-ridge
areas, the basal layer was covered with fibrous material. The outer choribngdnamensisiad a
pattern known as “mountain- or volcano-like”. The morphology of the posterior pole and aeropyle had
a common structure in the five species, with some species-specific characters. The eggshell features ¢
the five species are compared with those of other phlebotomine sand flies.
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Sand fly taxonomy was declared to be “an in& Lane 1991, Fausto et al. 1991, 1992, 1993, Rogo
dispensable basis for every work on sand fly bioket al. 1992, Ghosh & Mukhopadhway 1996). These
ogy and on their vector role” by the World Healthstudies suggest that differences in egg sculpture of
Organization (WHO 1977). However, the taxo-SergentomyiandPhlebotomuspecies are suffi-
nomic status of phlebotomines is much more olzient for separation of the two genera, hitherto
scure than that of other insects of medical signifibased on other taxonomic characters (Perfil'iev
cance, such as mosquitoes (Lane 1986), althoudgB866). Ootaxonomic investigations have been car-
many attempts have been made to find unequivoied out in many Neotropical species (about 10%
cal characters to distinguish morphologically simiof the about 400 known species) demonstrating the
lar species and to propose stable classificationsefulness of chorionic ultrastructure in separat-
(Lewis et al. 1977, Artemiev 1991, Ashford 1991)ing closely related species (Ward & Ready 1975,

Scanning electron microscope (SEM) studieZimmerman et al. 1977, Endris et al. 1987,
of eggshell morphology have shown that differfeliciangeli et al. 1993, Sierra et al. 1995, Perez &
ences between related species of insects are réigusuku 1997).
able taxonomic markers (Hinton 1981, Mazzini Inthe present study, the eggshell fine structure
1987, Mazzini et al. 1993a). Ootaxonomy of vari-of five sand fly species belonging to the genus
ous families of dipterans is in an advanced stadautzomyia - L(Psychodopygys panamensis, L.
(for a review, see Margaritis & Mazzini 1998).(Lutzomyid gomezi, L. (Species Group
With regard to sand flies, studies on eggshell molerrucarumn) ovallesi, L.(Species Groupigone)
phology have been delayed by the difficulty of find-migonei,andL. (Micropygomyid absonodonta
ing eggs in nature and of breeding certain specigsom Venezuela was examined by SEM. The first
The eggs of Old World sand flies have only beefour species are known to be anthropophilic and
studied for a limited number of species (Irungo ehave also been demonstrated or incriminated as
al. 1985, Lane & El Sawaf 1986, Gebre-Michaelvectors ofLeishmaniaspp. in different Latin
American countried.. panamensiss regarded as
a primary vector of cutaneous leishmaniasis (CL)
in Venezuela (Rodriguez et al. 1999) and as a sec-
ondary vector in Panama, Guatemala and Colom-
This work has been funded by CDCHT, Universidad dbia (Desjeux 1991).. gomezivas reported to be
Carabobo (FCS-91-044) and Italian MURST-ex40%. haturally infected witlL.e. braziliensisn Panama
Corresponding author. Fax:+39-0761-357114. E-maikJohnson et al. 1993), Colombia (Young et al.
fausto@unitus.it 1987), Ecuador (Gomez & Hashiguchi 1987) and
Reiceved 8 February 2000 Venezuela (Feliciangeli 1991, Feliciangeli et al
Accepted 15 August 2000 1994).L. ovallesiis recognized as a vector of CL
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in Venezuela (Feliciangeli 1991, Feliciangelietal. L. ovallesi(Figs 5-8) - The eggs were about
1994) and Guatemala (Rowton etE892). It was 270 um in length and 80 um in width (Fig. 5) with
found to be infected with a variant &fe. acomplete basal layer covered with a compact coat
panamensis/guyanensis Venezuela (Bonfante- of fine fibrous material (Figs 6, 7). The outer
Garrido et al. 1991) and with unidentified flagel-chorion had a series of sinuous longitudinal ridges
lates in Belize, Panama (Williams 1970) and Cowith a few cross-ridges defining rectangular areas
lombia (Young et al. 1987).. migoneiis a sus- of different size (Fig. 6). The ridges consisted of a
pected vector of.e. braziliensisn the State of double series of columns (high about 0.5 pm)
Ceara, Brazil (Azevedo et.dl990). The medical linked at the top (Fig. 7). Some of the chorionic
significance ofL. absonodontas unknown. ridges extended as far as the polar regions.
Closely allied species in the subgervdiro- The posterior pole consisted of a circular area
pygomyiaare known to feed on lizards. delimited by the end part of chorionic ridges and
The chorionic patterns of the five species andivided into two semicircular areas by two short
other species belonging to different genera dfansverse ridges (Fig. 8). Each area had an aeropylar
Phlebotominae were compared. opening and several small conical protrusions.
L. absonodontgFigs 9-11) - The eggs were
MATERIALS AND METHODS about 300 um long and 75 um wide (Fig. 9). The
Newly laid eggs were obtained from naturallychorionic sculpture consisted of longitudinal co-
blood-engorged sand flies of the following speciegumnar ridges defining elliptical areas of about 35-
L. (Species Groupligone) migonej L. (Species 40 um in length (Fig. 10). Each area was crossed
GroupVerrucarun) ovallesi, L. (Micropygomyia) py transverse fine ridges to form irregular quadri-
absonodonta, L.(Lutzomyig gomezi, L. |aterals. As a result the egg surface had a reticular
(Psychodopygyspanamensis. pattern. The basal layer of chorion between the
~ Forscanning eIec_tron microscopy, the eggs Wefgges was covered in coarsely arranged fibrous
fixed for 1 h at 4°C in 4% paraformaldehyde angnaterial, that formed minute microvilli (Fig. 10).
5% glutaraldehyde in 0.1 M cacodylate buffer afrhe borders of the posterior pole region were not
pH 7.2 (Karnovsky 1965), then rinsed overnight iRve|l defined. This area was covered by several pro-
cacodylate buffer, post-fixed in 1% osmium tetroxtyberances randomly distributed around the two
ide for 1 h and dehydrated in a graded ethanol sgeropylar openings (Fig. 11).
ries. The material was dried by the critical point | gomez{Figs 12-13) - The surface sculptur-
method using liquid CQin a Balzers CPD 020 ap- ing of eggs from Venezuelan females had a pat-
paratus, attached to specimen holders, coated Wilin of polygons formed by intersecting ridges con-
gold in a Balzers Union MED 010 evaporator angisting of columns arranged in palisade completely
observed with a 5200 Jeol JSM electron microscopgnited at the top (Fig. 12). The areas enclosed by
RESULTS the ridges were four-sided with rounded corners
nd sides measuring about 15-20 um (Fig. 12). The
asal layer was covered with regularly arranged
brous material. The posterior pole region was de-
void of the structures characterising the rest of the
egg surface and was delimited by the ends of the
orionic ridges and irregular circular ridges (Fig.
13). Two non-columnar ridges partially divided the
olar region into two semicircular areas in which
all protrusions were observed beside each
ropylar opening.

Common characters of all eggs are elongatea
cigar-like form with one side slightly flattened and;
both poles rounded (Figs 1, 5, 9, 14).

The five species had specific chorionic sculp
turing which enabled the species to be distiguish
from each other.

L. migonei(Figs 1-4) - The egg had a media
width of about 80 um and a length of about 28
um (Fig. 1). The eggshell surface was characterisgy

by polygonal design, consisting of longitudinal ™ | panamensi¢Figs 14-17) - The egg had a

ridges united by cross-ridges, which defined irregus e gian width of about 200 um and a length of about
lar rectangqlar areas with a major side paraII.eI 840 pm (Fig. 14). The chorionic pattern was differ-
the longitudinal axis of the egg (Fig. 3). Each ridg@nt from that of the other species, consisting of a
consisted of a single series of cylindrical columns, itorm Jayer of numerous and tall mountains bear-
about 2 um high, united at the top (Figs 3-4). Ify,g yoicano-like structures regularly disposed (Fig.
inter-ridge areas, the basal layer was covered ik ‘These structures showed prominent irregular
uniformly distributed fibrous material (Figs 3-4). eqges, enclosing a central depression in which holes

The posterior pole was delimited by the termiwt gitterent sizes were visible (Fig. 16). The poste-
nal parts of a few chorionic ridges. Marked protuo nole was surrounded by a circle of short non-
berances of dlffere_nt size were disposed around| ,mnar ridges. The aeropylar openings were sur-
the aeropylar openings (Fig. 2). rounded by small uneven ridges (Fig. 17).
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Scanning electron microscopy micrographs of the outer chorionic sculpturingizzafmyia migoneiFig. 1: whole egg. The
eggshell surface has a polygonal pattern formed by longitudinal ridges and non-columnar cross ridges (Fig. 3). Each ridge
consists of a single series of columns united at the top (Fig. 4). The basal layer is covered with uniformly arranged fibrous
material (Fig. 4). The posterior pole, delimited by the terminal portion of chorionic ridges, shows protuberances and aeropylar
openings (Fig. 2). Bar: Fig.1 = 20 pm; Figs 2-4 = 2 ym

DISCUSSION “elliptical” (Feliciangeli et al. 1993), “verrucose”

The eggshell sculptures of the five specieand “disperse” (Pérez & Ogusuku 1997). With re-
showed species-specific characters, useful for spgard to chorionic patterns described in the Old
cies identification. However, they had some feaWorld species, Gebre-Michael and Lane (1991)
tures in common with eggs of other New and Oldlivided the category “unconnected ridges” into the
World sand fly species. Morphological categoriesgroups: “fragmented chained” and “complete
based on the chorionic patternd afzomyiseggs, chained”. The latter was defined as “reticular” by
have been proposed by different authors. Ward afid@usto et al. (1992).
Ready (1975) proposed three categories: “volcano- The five species described in this paper can be
like or mountain-like”, “polygonal”, and “parallel grouped in the following categoriek: migonei
ridging”. The latter was divided by Endris et al.“connected parallel ridgesl’; ovallesi“connected
(1987) into “connected ridges” and “unconnectegharallel ridges” (with few connections):.
ridges”. With the recent discovery of other chori-absonodontdreticular”; L. gomezi‘polygonal’”;
onic patterns, three new categories were addeld: panamensi$volcano-like or mountain-like”.
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Most of patternsl{. migonei, L. ovallesi, L. The “volcano or mountain-like” pattern de-
absonodontaand L. gomezi)have prominent scribed inL. panamensigggs has only been ob-
ridges consisting of one or more series of columnserved in species of th&tzomyiagenus. This par-
These patterns, common in New World speciesicular pattern may have evolved in response to a
are the only ones present in Old World speciedamp microhabitat, i.e. swamp forest, in which
belonging to gener®@hlebotomusand Ser- these species are abundant (Ward & Ready 1975).
gentomyia(Fausto et al. 1992, 1993). HoweverAs shown in Fig. 16, the prominent “volcano-like”
Phlebotomugggs show great variability in the ar-structures protecting the aeropylar openings, are
rangement of the columns, and the eggs gdrobably the basis for a well developed plastron
Sergentomyiaspecies are morphologically uni-and reflect its habitat preference. The chorionic
form, with only a polygonal pattern and none oculpturing ofL. panamensifrom Panama
the fibrous material usually covers the basal laygZimmerman et all977) is very similar to that of
between the ridges. These results are in line with panamensifrom Venezuela, whereas two dif-
comparative spermatology data, suggesting that tfierent chorionic patterns have been described for
genusSergentomyifollowed a different evolution- L. gomezirom Panama (Zimmerman et al. 1977)
ary path toPhlebotomusindLutzomyia(Dallai et and Colombia (Sierra et al. 1995) (elongated hex-
al. 1984, Mazzini et al. 1993b, Fausto et al. 1995agonal polygons) and Brazil (Ward & Ready 1975)

e e - = .

Scanning electron microscopy micrographs of eggutfomyia ovallesiFig.5: whole egg. The chorion shows sinuous longitu-
dinal ridges with few cross-ridges forming rectangular areas (Fig. 6). The ridges consist of a double series of colurans linked

the top (Fig. 7). Some of chorionic ridges reach the polar regions. The posterior pole is divided into two semicircular areas,
having aeropylar openings and small conical protrusions, by two short transverse ridges (Fig. 8). Bar: Fig. 5 = 20 um; Fig. 6 =

5um; Figs 7, 8 = 2 um
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(regular pentagonal polygons). We found that egg- Almost nothing is known about the breeding
shell sculpture of the Venezuelan specimens wastes of the present and previous species described,
of the Brazilian type. and there is not yet enough data to attempt a taxo-

Scanning electron microscopy micrographs of egglsutdomyia absonodont@rigs 9-11) and.. gomezi(Figs 12,13). Fig.9:

whole egg. The chorionic sculpture has short longitudinal united by cross-ridges to form irregular quadrilaterals; tiyerbasal la

is covered with arranged coarsely fibrous material, forming minute microvilli (Fig. 10). The posterior pole is characterised by
protuberances randomly distributed around the two aeropylar openings (arrows) (Figg11p: polygonal pattern due to
intersecting ridges, in which most of polygons are quadrilaterals with rounded corners. An irregular circular ridge delimits th
polar region where small protrusions can be observed beside two aeropylar openings (Fig.13). Bar: Fig. 9 = 20 um; Figs 10, 11,
13 =2 pm; Fig. 12 =5 pm
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nomic and evolutionary interpretation. However& Ready 1975, Zimmerman et al. 1977, Endris et
the similar exochorion pattern In gomezifrom al. 1987, Feliciangeli et al. 1993) shows charac-
Panama and Colombia and the other pattern sharieds in most cases compatible with systematic po-
by L. gomezifrom Venezuela and Brazil is of in- sition. Species of subgenisychodopygubave
terest and may be related to the Andean barriérolcano-like or mountain-like” patterns, like
between themL. gomezimay of course form a panamensid.. ovallesihas similar chorionic sculp-
species complex (Feliciangeli 1997) and this shouldiring (“connected parallel ridges”) o evansi
be clarified by isoenzymes and DNA fingerprint-(“polygonal”) (Feliciangeli et al. 1993) and to other
ing of different populations. species belonging to théerrucarumgroup. How-
Comparison of the chorionic patterns of theever, chorion sculpturing patternlofverrucarum
present species and othertzomyiaspecies (Ward from a Peruvian Andes valley combines “con-

Scanning electron microscopy micrographs of an egbgutfomyia panamensifig.14: whole egg. The chorionic pattern
consists of a uniform layer of mountains with regular “volcano-like” structures (Fig. 15). Prominent irregular edges delimit a
central depression in which holes of different sizes are visible (Fig. 16). The posterior pole, surrounded by a seriesmf short
columnar ridges, shows aeropylar openings (arrows) and small uneven ridges (Fig. 17). Bar: Fig.14 = 20 pm; Fig. 15 = 5 pm;
Figs 16, 17 = 2 ym
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nected ridges” pattern with “reticular” patternFausto AM, Maroli M, Mazzini M 1991. Ootaxonomy
(Pérez & Ogusuku 1997). Slight contrasts of eggs investigation of three sandfly species (Diptera, Psy-
morphology described in. verrucarumfrom dif- chodidae) Parassitologia 33225-228.

ferent localities could be associated with geographf-austo AM, Maroli M, Mazzini M 1992. Ootaxonomy
cal isolation of sand fly populations in different ~2nd €ggshell structure &fhlebotomussand flies.

p Med Vet Entomab: 201-208.
Andean valleys (Pgrez & Ogusuku .1997)' _The €99 usto AM, Maroli M, Mazzini M 1993. Scanning elec-
of L. venezuelensighe only species dflicro-

. ] ) tron microscopical study of the eggshell of three
pygomyia subgenus previously studied  gpecies ofSergentomyigDiptera, Psychodidae).
(Feliciangeli et al. 1993), are in the “elliptical” cat-  |nsect Sci Appl 14483-488.

egory, and those df. absonodontabelonging to  Fausto AM, Mazzini M, Maroli M, Feliciangeli D 1995.
the same subgenus, in the “reticular” category. Spermatozoon of the sandflytzomyia longipalpis
These two categories are very similar by virtue of (Lutz and Neiva) (Diptera, PsychodidaBpll Zool

a common basal structur€onnected parallel 62 339-343. _ S
ridges give L. migoneieggs a polygonal aspect Feliciangeli MD 1991.\{ect0rs of leishmaniasis in Ven-
similar to those described, using light microscopy,. l_e_zuelafeagssiltgcggﬂa 3?229;.2;’;6' ¢ Lutzomyi

for the eggs of.. lenti andL. bahiensi{Species elicianget Tourly acivity ol Lutzomyia

. S : ovallesiandL. gomezi(Diptera: Psychodidae), vec-
GroupMigone) (Feliciangeli et al1993). tors of cutaneous leishmaniasis in northcentral Ven-

_ The morphology of the posterior pole, de-  ezyela.J Med EntomoB4: 110-115.
scribed for the first time iPhlebotomuseggs Feliciangeli MD, Castejon OC, Limongi J 1993. Egg
(Fausto et al. 1992), has not yet been used much assurface ultrastructure of eight New World
an ootaxonomic character of sand fly eggs: most phlebotomine sandfly species (Diptera: Psychod-
morphological descriptions fitzomyiseggs lack idae).J Med EntomoB0: 651-656. .
this structural detail. However, as reported for othdreliciangeli MD, Rodriguez N, Bravo A, Arias F,
species (Fausto etal. 1992, 1993, Pérez & Ogusuku Guzman B 1994. Vectors of cutaneous leishmania-
1997), the posterior poles of the present five spe- sis in north-central Venezuelsled Vet Entomd:

. . . . 317-324.
cles Sho‘(" species-specific morphology, Whlc%ebre-Michael T, Lane RP 1991. Scanning electron
could be important for sand fly ootaxonomy.

. . - microscopy of eggs d?hlebotomus (Synphleboto-

. However, more information, especially regard- mus) martiniand P. (Syn.) celiag(Diptera:

ing the egg morphology of other genera, is needed phlebotominae)Parassitologia33; 261-266.

to indicate phylogenetic relationships among th&hosh KN, Mukhopadhway JA 1996. A comparison of

sand fly taxa. chorionic sculpturing of four Indian phlebotomine
sand flies (Diptera: Psychodidae) by scanning elec-
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