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Variation between Geographical Populations of Lutzomyia
(Nyssomyia) whitmani (Antunes & Coutinho, 1939) sensu
lato (Diptera:Psychodidae:Phlebotominae) in Brazil
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Phylogenetic analysis of morphometric and biological characters indicated that there are two
distinct forms ofLutzomyia whitmaniin Brazil: one is present both north and south of the River
Amazonas in the State of Para while the other occurs in northeast Brazil, in the State of Ceard, and
further south, including the type locality in State of Bahia. The Amazonian form is reportedly neither
strongly anthropophilic nor synanthropic, and it is the vectdre§hmania shawwhereas the south-
ern form is often collected peridomestically, while biting man, and has been found infectesl (Mdh
braziliensis The ratio of the length of the genital filaments to that the genital pump was found to be
consistently smaller in males of the Amazonian populations. A middle repetitive DNA element was
isolated by differentially screening a genomic library made using Amazonian material, and the se-
guence was diagnostic for this formlafi. whitmani(being absent or occurring in low copy number in
the southern form). The total evidence suggests there are at least two, geographically-isolated forms
of Lu. whitmani which may represent different cryptic species.

Key words:Lutzomyia whitmani cryptic species - cutaneous leishmaniasis

Lutzomyia (Nyssomyia) whitmaAntunes & (V.) braziliensis by virtue of its highly
Coutinho, 1939 was first described from Ilhéusanthropophilic feeding habits, high density in the
State of Bahia, Brazil, and has since been recordeddemic areas and very common presence in and
(sensu latp in various other parts of Brazil, Ar- around human dwelling places or animal sheds
gentina, French Guiana, Paraguay and PefBarretto 1943, Forattini 1960, Mayrink et al.
(Young & Duncan 1994). In Brazilu. whitmani 1979, Taniguchi et al. 1991, Tolezano et al. 1992).
s.l. is found in habitats ranging from dense pri- In Amazdnia, workers on the eco-epidemiol-
mary rain-forest of the Amazon Region to theogy of cutaneous leishmaniasis have long been
northeastern and southeastern parts of the coymizzled by the very different habitslaf. whitmani
try where little forest now remains, and where this.l., compared with its behaviour in other parts of
sandfly has adapted to human dwelling places agtazil. Thus, it is essentially silvatic, being found
peridomestic animal sheds. in modest numbers on the trunks of the larger trees.

With regards the importance bfi. whitmani It is of low anthropophily, and has yet to be found
s.l. as a vector ofeishmaniathe most concrete invading houses or the peridomestic habitat
evidence comes from States of Bahia and Cear@ainson et al. 1979, Ready et al. 1986). It has
where it has been found infected witke.(V.) been found infected witheishmaniaon a num-
braziliensis(Hock et al. 1986, Ryan et al. 1990,ber of occasions, however, with a parasite identi-
Azevedo et al. 1990, Queiroz et al. 1991). In norttfied asLe. (V.) guyanensif_ainson et al. 1979),
ern Parana it was found to be the predominattut which might, in fact, have beée. (V.) shawi
sand fly species in endemic areas of cutaneoasd, more frequently, with this latter species - a
leishmaniasis, although its role as a vector therecently described parasite of monkeys, sloths,
has still to be established (Teodoro et al. 1991procyonids and man (Lainson et al. 1989, Shaw
In the States of S&o Paulo and Minas Gerais it & al. 1991).
similarly suspected as an important vector.@. These contrasting characteristics of the silvatic

population of a sand fly which is seemingly indis-
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. : : = raised strong doubts as to its real identity (Lainson
gl?tl#:)Cr_”’ and forming part of the PhD Thesis of the firs 988). How was it that this sand fly could occupy
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an extraordinary capacity for adaptation to new, Morphology- We examined 20 specimens (10
man-made environments, or is it a complex ofmales and 10 females) and we used morphologi-
cryptic species? cal features routinely utilized in the identification
It was with these questions in mind that theof sand fly species (Young & Duncan 1994), to-
following biological, morphological and biochemi- gether with others, less commonly used, recom-
cal comparison was made of populationd_of mended by the CIPA Group (Bermudes et al. 1991),
whitmani s.l from different parts of Brazil. as follows:
MATERIALS AND METHODS The head: palpal fo_rmula of the female .and
) ) ) ) the male, number of hind teeth of the cibarium,
Lu. whitmanifrom northeast Braz# Material spines and striae of pharynx, proximal and distal
from llhéus, Bahia, the type-locality, was clearlyprolongation of the ascoids, teeth of the maxilla.
|nd|spenS|bIe for our comparative StUdy and, IN The thorax: location and intensiw of pigmen-
addition, we also obtained flies from Baturité,tation of the mesonotum, scute”um, p|eura and
Ceara. In both areas (Fig. 1) the collections, byhipsi” (CIPA terminology: = coxa).
different methods, were made simultaneously in 'The abdomen: dermal papillae of tergites,
and around human dwelling-places and animakhape of the terminal portion of the genital fila-
sheds, between 6:00 and 9:00 hr. In the housgfients, relation of the lateral lobe/paramere, shape
sand flies were aspirated from walls or human baigf aedeagus, number and distribution of style
in the peri-domestic habitat they were obtained igpines and localization of the internal spine, shape
man-baited Shannon-traps (Sherlock & Pessognd size of the coxite setae, shape of paramere,
1964), aspirated from dogs or equines, or caugbhape of spermathecal body, number and appear-
in miniature CDC light-traps (Sudia & Chamber-ance of the annulations of the spermathecal bodly,
lain 1962, Gomes et al. 1985) placed in animalxis of the spermathecal head, organization of the
shelters. ) ) spermathecal body and the individual duct, appear-
Lu. whitmani s.Ifrom north Brazil- We chose ance and |ength of the individual duct, appear-
three widely separated areas of high, primary raigince and length of the common duct.
forest. The first at an altitude of about 700 m in  Morphometry- The length and/or width of the

the range of hills known as the Serra dos Carajigilowing structures were measured in 10 males
(Ward et al. 1973) in south Para; the second ifnd 10 females.

lowland forest at Dom Elizeu, southern Para; and The head: |ength of cibarium of female, |ength
the third in a hl”y region near Monte DOUFad0,0f 2nd, 3rd and 5th pa|pa| segments of male and
northern Pard (Fig. I). In these areas the collegamale.
tions were made between 17:30-20:30 hr, in the The thorax: maximum width of the wings,
forest, using human bait; in CDC light-traps sefength of 5th radial vein anal, B, y andd of both
at both 1.0 m from the ground and in the canopygexes, length of tibia and femur in both sexes.
from 17:00-07:00 hr; or by aspirating the ﬂle.S from The abdomen: |ength of coxite, Sty|e1 lateral
the trunks of large trees in the early morning. |obe, genital pump and genital filaments, size of
: the style compared with that of the coxite, genital
S : "\ filaments/genital pump ratio.
E‘a‘“‘“—”’ s \% Statistical analysis Means and standard de-
I| it = '?-u‘ viations were calculated by accepted methods (see
) il "'H'“? wrame  Acknowledgements). The T Parametric test was
?'--. used for difference between means. When the No
e - .-! Parametric test was used, the contrast Scheffe was
S i - applyied (Armitage 1971).
Ty i B S Biochemical studies - DNA probeSand flies
L b -|||.r-|r.': from Ilhéus and Dom Elizeu were bred in the in-
y ] sectary at the Instituto Evandro Chagas and
' males and females of the first generation were
ey 1 snhap-frozen in liquid nitrogen. Those from Monte
" e Dourado and Baturité were identified after collec-
) | tion, using a binocular microscope with cold-light
illumination, and at once stored in liquid nitro-
~., gen. Sand flies of two other species used as con-
& trols, were from laboratory colonies &iu.
Fig. 1:Lutzomyia whitmars.. Studied populations from Brazil, intermedia and Lu. flaviscutellatafrom the
in the States of Par4, Ceara and Bahia (PA, CE, BA). Instituto Oswaldo Cruz and the Instituto Evandro
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Chagas, respectively. These, too, were stored imcluding morphology, molecular biology, biology,
liquid nitrogen. ecology and others, in the comparative studies of
All specimens for DNA studies were taken todifferent populations of the same species or of
London on solid carbon dioxide and then storedifferent species.
at -80C. DNA extraction for library construc- The following visible characters which are
tion was from the Dom Elizeu, Para flies, by theonsidered useful in separating sand flies species
method of Ish-Horowicz (1982) following the and which could be analyzed in all the examined
procedure of Ready et al. (1991), and the resultraterial, were used for comparing populations of
ing material was stored af@. Lu. whitmani s.I(in-group) and_u. flaviscutellata
The disposable plastic tip of a Gilson pipetteandLu. ubiquitalis (out-groups):
was used to grind the sand fly remains inpd5 Morphological characters included aspects of
Tris Buffer [L0 mM Tris, HCI pH 7.5, 60 mM antennal ascoids, 5th palpal segment, teeth of
NaCl, 10 mM EDTA, 0.15 mM spermine, 0.15maxilla, colour of scutelum, appearance of the
mM spermidine, 5% (w/v) sucrose] and theébody and common duct of the spermathecae, der-
homogenate then mixed with a further @bof mal papillae of tergites, head of spermathecae,
this grinding buffer together with J0l of a so- male and female terminalia, internal spine of style,
dium dodecyl-sulphate (SDS) buffer [1.25% (w/setae tuft of coxite.
v) SDS, 0.3 M Tris, HCI pH 9.0, 0.1 EDTA, 5%  Morphometrical characters of the females flies
(w/v) sucrose, 0.34 (v/v) diethilpyrocarbonate],used were measurements of the labrum, the vein
before incubation at & for 45 min in order to o of the wing, tibia and femur. Of the males the,
lyse cells and denature proteins. After cooling thébia genital flaments and the genital filaments/
sample on ice, 3(l of 8 M potassium acetate wasgenital pump ratio.
mixed with the homogenate, which was incubated Biochemical characters used were restricted to
on ice for 45 min before pelleting the contaminatthe results of the hybridization attempts using the
ing proteins for 2 min at 14 k rpm in a micro-DNA probe W1.
centrifuge. The nucleic acids in the supernatant Biological characters included the degree of
were then ethanol precipitated and washed thremthropophily, feeding habits, habitat and strati-
times in 70% ethanol (spinning at 14 k rpm in dication.
micro-centrifuge), before drying the final pellet  After noting the different character states in
under vacuum and dissolving it in 16 of 1 x the in-group, two matrixes were formulated: the
TE. Extracts were stored i@ first comparing the characters between the in-
For differently screening, the genomic librarygroup and the out-groups, and the second com-
made with DNA extracted from Dom Elizeu popu-paring the populations of the in-group only. Fi-
lation, the methods of Ready et al. (1991) weraally, a cladogram was prepared.
used. Throughout this papdreishmania is abbre-
Of six recombinant clones obtained, two wereviated toLe.andLutzomyiato Lu. We follow the
selected for large-scale amplification, and onelassification of_eishmaniasuggested by Lainson
(W1) was used for hybridization, using serial diand Shaw (1987).

Iutions of dot—plotted genomic DNA. RESULTS
This technique was performed manually by ]
directly applying a series of @ volumes from a Morphology- Using 32 structural characters

Gilson pipette to the dry membrane, each applic&f the head, thorax and abdomen of both sexes of
tion being allowed to dry: this was followed oy  the sand flies, as recomended by CIPA Group
situ alkali lysis and neutralization. Following (Bermudes et al. 1991), we could detect no sig-
transfer, the membranes were rinsed briefly in 2 Rificant morphological differences between the
SSC [0.3 M NaCl, 0.03 M Tri-Na citrate] and airtype material (paratype and holotype) of
dried ( Ready et al. 1988, Sambrook et al. 1984,u.whitmanifrom Ilhéus and specimens bt.
Smith et al. 1989). whitmanis.l. from other parts of Bahia, Ceara and
Phylogenetic analysis Phylogenetic analysis Para. . _
is considered as a traditional method in the study Morphometry- In a consideration of 30 mor-
of biological systematics and is related to the relf2hometric characters, statistical analysis could
tionship between species (Hennig 1966). Such #lgtect some significant differences between the
analysis indicates the apomorphic charactefortheastern fligs an_d those from_the differents
which are found in the members of a given grougreas of Para, involving the following structures
of organisms and which determine their evoluof the head, thorax and abdomen: in the females -
tionary lines. Hennig (1966) and Abe anddifferences in the length of the labrum, tibia and
Papavero (1992) suggest the use of any charactémur; in the males - differences in the length of
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the 2nd and 3rd palpal segments, the maximum Firstly, each of 25 characters was defined

width of the wings and the length of vein R5,(present = + and absent = - or, according to the

length of the tibia, femur, genital filaments andntuitive Theory of Sets (Abe & Papavero 1992)

the genital filaments/genital pump ratio. + = to belong, and - = not to belong) in the in-
Biochemical studies (DNA probe and hybrid-group (i.e. populations dfu. whitmani s.). After

ization experiments) Genomic DNA fragments comparing the characters of the in-group and the

of Lu. whitmanj using Amazonian material, were out-groups (i.eLu. flaviscutellataand thelLu.

applied as diagnostic probes. Of six recombinantsbiquitalis, s.l.populations) (Table 1), a matrix

clones screened with total genomic DNA, two gavevas constructed showing the apomorphic charac-

strong or moderate signals after high stringenders (=1), which appeared, in such an evolution-

washes and overnight autoradiography and, therary line, posteriorly to the plesiomorphic charac-

fore, were assessed as containing sequences tteais (= 0) (Table I1).

are highly or moderately repeated in the genoma Using according to the Intuitive Theory of Sets,

of this sand fly population. These two recombithe following were determined:

nant clones were selected for hybridizations. When a) The collections of apomorphies in each

the probe W1 was used, strong hybridizations sigeopulation:

nals were obtained only with the populations from Para (PA) = {14,15,16,17,19,23,24,25}

Jari and Dom Elizeu (State of Pard, north and south Ceara (CE) = {12,18,20,21,22,24,25}

of the Amazon river, respectively) and slightly or Bahia (BA) = {12,13,18,20,21,22,24,25}

with none of the peridomestiai. whitmanitested b) The autapomorphies of the hypothetical

from Baturité and Ilhéus (Fig. 2). ancestral form showing that the taxa are mono-
Phylogenetic analysisThe main object of this phyletic groups:

study was to test the hypothesis that the northern (1) PAn CEn BA = {24,25}

and northeastern populationslaf. whitmaniare ¢) The autapomorphies for each population:
not identical. PA - (1) = {14,15,16,17,19,23}
® . a
I whitmani ® " o ° i ¥
» =
Monte Dourado (PA) ® g ¥
] . .
L. whitmani - ¢
. . . d

Dam Elizeu (PA)

L. owhitmani
Batunte iCE)

I whitmuarnd
[Théus (BA)

L. flaviscuteflara
lparaps Min (PA)

L. intermedia

Hio de Janero (BJ)

Fig. 2:Lutzomyia whitmars.l. Hybridizations using the DNA probe W1, prepared from the sand flies from Dom Elizeu, State of Par4,
react only with dot-blotted genomic DNA of sand flies from the same locality, and from Monte Dourado, another colleoti®arsite i
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TABLE |
Lutzomyia whitmans.l. Morphological, morphometrical, biological and biochemical characters state in

populations from States of Bahia (type locality, BA), Ceara (CE) and Para (PA), compared with the out-groups,

Lu. flaviscutellataand Lu. ubiquitalis

In-Group Out-Group

Lu.whitmani

CE

BA

Lu. flaviscutellata Lu. ubiquittalis

©CONOUTAWN R

. antennal ascoids +
. 5th papal segment +
. spermathecae bodies

common duct +
teeth of maxilla +

. dermal papilla on tergite -
. spermathecae head

. permathecae common duct

. internal spine in style -
. color of scutellum -
. setae tuft on coxite -
. labrum of female

. veina of wing of female -
. femur of female +
. tibia of female +
. tibia of male +
. genital filaments +
. relationship genital -

filaments/genital pump

. DNA probe WI +
. anthropophily -
. domestic habitat -
. feeding habitats -
. stratification +
. female terminalia +
. male terminalia +

+ o+

+ +

Fig. 3, using the following characters: length of

CE - (1) = {12,18,20,21,22}
BA - (1) = {12,13,18,20,21,22}

A cladogram showing thdtu. whitmani s.I.

whitmani” in Amazonian Brazil is not the same
as the trud_u. whitmani(Antunes & Coutinho
1939), from the type locality of Ilhéus, Bahia, or
from Para is different frorhu. whitmanisensu from Baturité, Ceara, and that we are probably
stricto from the northeast of Brazil is given indealing with two different, cryptic species.

The one, in Amazobnia, is esentially silvatic,

the femur and tibia of the female, tibia of the mal@oorly anthropophilic, with no tendency to invade
and genital filaments; stratification, and hybrid-human dwelling-places, and concerned in the
ization with DNA probe W1. The monophily in transmission of zoonotic cutaneous leishmaniasis
the populations from the northeast is confirmedf man due toLe. (V.) shawi The other,Lu.

by anthropophily, domestic habitat, feeding habwhitmani sensu strictiof southern and northeast-
its and the length of the labrum of the female andrn Brazil, was probably silvatic originally, but
the genital filaments/genital pump ratio in thereadily adapts to new ecological situations created

males.

that the sand fly for so long referred to &1

DISCUSSION

by man’s destruction of the native forest, and is
The results confirm the hypothesis that theow firmly established in the domiciliary and
populations olLu. whitmanistudied are different peridomestic habitats. This fly is highly
and, indicate that the populations from north andnthropophilic, and one of the vectorsLef. (V.)
northeastern Brazil can be considered akraziliensiss.l

morphospecies, in accordance with Hennig (1966). The results of our studies provide good evi-
dence that these populations from northern and
] . . _northeastern Brazil are not identical. The genital
These studies leave little doubt in our mlnd$i|aments/genita| pump ratio was Significanﬂy
smaller in sand flies collected in forest sites from
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TABLE Il

Lutzomyia whitmans.l. Matrix with characters polarity (0 = plesiomorphic state; 1 = apomorphic state),
comparing specimens from Bahia, BA (type locality) and populations from northeastern Brazil (Ceara, CE, and

Pard, PA).
In-Group
Lu. whitmani
PA CE BA
5. teeth of maxilla 0 0 0
6. dermal papilla on tergite 0 0 0
7. spermathecae head 0 0 0
8. permathecae common duct 0 0 0
9. internal spine in style 0 0 0
10. color of scutellum 0 0 0
11. setae tuft on coxite 0 0 0
12. labrum of female 0 1 1
13. veina of wing of female 0 0 1
14. femur of female 1 0 0
15. tibia of female 1 0 0
16. tibia of male 1 0 0
17. genital filaments 1 0 0
18. relationship genital filaments/genital pump 0 1 1
19. DNA probe WI 1 0 0
20. anthropophily 0 1 1
21. domestic habitat 0 1 1
22. feeding habitats 0 1 1
23. stratification 1 0 0
24. female terminalia 1 1 1
25. male terminalia 1 1 1
A CE, BA[13)

123 eiralification

(1) DA ks W1

i 1) Merisr of vl

(15} tikia af feraie

|5 litvis el ik
[17) gerwiiad Hlasrresnes

relatnafp genital flamertu'genta purg (T
labrum of Bamale (12}

femaie lerminala (24)

i Maiala (5]

Fig. 3:Lutzomyia whitmars.l. A cladogram showing that the populations from State of Para are different from those in northeastern,
Brazil.
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Para than it was in sand flies collected fronforattini OP 1960. Novas observagdes sobre a biologia
Baturité (CE) and llhéus (BA) in peridomestic  de flebotomos emcondi¢des naturais (Diptera:
sites, and both the tibia and femur were signifi- Psychodidae)arch Hyg Satde Publ 2209-215.
cantly shorter in Amazonian sand flies. Molecu$omes AC, Rabello EX, Natal D 1985. Uma nova
lar evidence is provide by the probe W1, which is gamgra;f)t')?tosr? paF‘,ra ?rml;‘;'(l)hi‘gchc miniatie
diagnostic forLu. whitmanifrom Para and could aude T ub, >a0 Faulo e

. . ennig W 1966 Phylogenetic Systematitlniversit
not recognize specimens from States of Cea% of ?Ilinois Pressyugbana 26gpp. y

and Bahia. ] . Hock A, Ryan L, Vexenat JA, Rosa AC, Barreto AC
Our findings fit better, with the concept of a  1986. Isolation of Leishmania braziliensis brazili-

considerable sand flyéishmaniaspecificity in ensisand other trypanosomatids from Phlebotomine

nature (Lainson 1988), than with the alternative in a mucocutaneous leishmaniasis endemic area,

suggestion thaku. whitmaniis a highly adapt- Bahia, Brazil.Mem Inst Oswaldo Cruz 883.

able sand fly, the habits of which are related t¢sh-Horowicz D 1982. Rate of turnover of structural

variable changes in the environment caused by Vvarants in the rDNA gene family ddrosophila

; melanogaster. Nature 29564-568.
man (Lainson 1983, Walsh et al. 1993). Lainson R 1983. The American leishmaniases: some

It musF be admitted that, even V.V'th the Pre- " ohservations on their ecology and epidemiology.
sented ewd_ence,_the Amazonlan whitmani s.l. Trans R Soc Trop Med Hyg :7569-596.
and Lu. whitmani s.sof northeast and southeast; ainson R 1988. Ecological interactions in the trans-
Brazil might be considered by some to be the two mission of the leishmaniaséhil Trans R Soc Lond
ends of a cline. Only further studies in other parts B 321 389-404.
of the country, and (most important) cross-fertili-Lainson R, Braga RR, Povoa M, Ishikawa Eay, Silveira
zation experiments will finally settle this question.  FT 1989.Leishmania (Viannia) shavep.n., a new

parasite of monkeys, slothsand procyonids in Ama-
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