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Wing Geometry as a Tool for Studying the Lutzomyia
longipalpis (Diptera: Psychodidae) Complex
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Toro Toro (T) and Yungas (Y) have been described as genetically well differentiated populations of
theLutzomyia longipalpigLutz & Neiva, 1912) complex in Bolivia. Here we use geometric morphometrics
to compare samples from these populations and new populations (Bolivia and Nicaragua), represent-
ing distant geographical origins, qualitative morphological variation (“one-spot” or “two-spots”
phenotypes), ecologically distinct traits (peridomestic and silvatic populations), and possibly differ-
ent epidemiological roles (transmitting or nor transmittingishmania chagasiyhe Nicaragua (N)
(Somatillo) sample was “one-spot” phenotype and a possible peridomestic vector. The Bolivian sample
of the Y was also “one-spot” phenotype and a demonstrated peridomestic vector of visceral leishmania-
sis (VL). The three remaining samples were silvatic, “two-spots” phenotypes. Two of them (Uyuni and T)
were collected in the highlands of Bolivian where VL never has been reported. The last one (Robore, R)
came from the lowlands of Bolivia, where human cases of VL are sporadically reported. The decompo-
sition of metric variation into size and shape by geometric morphometric techniques suggests the
existence of two groups (N/Y/R, and U/T). Several arguments indicate that such subdividion of
longipalpiscould correspond to different evolutionary units.

Key words:Lutzomyia longipalpis geometric morphometrics - landmarks - centroid size - shape components -
Leishmania chagasivisceral leishmaniasis

A high variability in Lutzomyia longipalpis 1993), and recently, the detection in Venezuela of
(Lutz & Neiva 1912) (Diptera: Psychodidae:two cryptic species occurring in sympatry (Lampo
Phlebotominae), vector bkishmaniahagasjhas etal. 1999). In samples from Brazil, two isoenzyme
been described at morphological and evolutionagomparisons suggested tHat. longipalpisis a
levels. Morphologically, the most significant ob-single, but genetically heterogeneous, polymorphic
servation is the existence of “one-spot” and “twospecies (Mukhopadhyay et al. 1998, Mutebi et al.
spots” phenotypes (Mangabeira 1969). This mal£999, Azevedo et al. 2000).
trait corresponds to the occurrence of sexual phero- In Bolivia the “one-spot” phenotype dfu.
mone glands (Lane & Ward 1984). Evolutionarilylongipalpis vector of canine and human visceral
Lu. longipalpishas been characterized as a comeishmaniasis, is currently found in domestic and
plex of species. This was deduced from the exisperidomestic environment of the Yungas, Y (De-
ence of different sexual pheromones, not necessarartment of La Paz) (Le Pont & Desjeux 1985). The
ily corresponding to the number of abdominal spot4wo-spots” phenotypes are described at the en-
(Lane et al. 1985), and from hybridization and isoertrance of caves (Chiflonkaka, Humajalanta) at Toro
zyme studies (Lanzaro et al. 1993, Lampo et al. 1999)oro, T (Department of Potosi), a place where vis-
These latter techniques allowed the recognition aferal leishmaniasis (VL) does not occur (Le Pont et
three different biological species distributed iral. 1989). Recently, other wild caught “two-spots”
Colombia, Brazil and Costa Rica (Lanzaro et alphenotypes were found at Uyuni, U (Department

of Sucre, Bolivia), where VL is not reported, and at
Robore, R (Department of Santa Cruz, Bolivia), a
semiarid region where VL is sporadically reported.

A previous isoenzyme and metric comparison
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Here we use geometric morphometrics to conplane of focus to control distortion. On the distal
pare samples from these populations and new pomart of the wing, we identified a total of 12 possible
lations, notably the two new “two-spots” samplesandmarks of “type I” (venation intersections) and
discovered in Bolivia (U and R). one of “type II” (proximal extremity of R5) according

MATERIALS AND METHODS to qukstein’s (2990) c]assification. To accord with
) . relatively low sample sizes, our study was based on

Insects(Fig. 1) - In total, 116 wings of mallel.  a subset of 5 landmarks (Bookstein 1996). The coor-
longipalpis were examined (Table 1): 26 from N dinates of landmarks were digitized using TPSDIG
(Somotillo, 220 masl, n = 26) and 90 from Bolivia. Intyersion 1.5; Rohlf 1997).
Bolivia, captures were performed at high altitudes
in the Departments of Sucre (U, at 2,000 masl, n =
19) and Potosi (T, at 2,700 masl, n = 20), as well as in
the Department of La Paz (Y, at 1500 masl, n = 23).
The remaining specimens came from a semiarid r
gion in the lowlands of Bolivia bordering Brazil (R,

at 500 masl, n = 28). All specimens were collecte™ — 7
by light traps. Insects were mounted in Euparal me —_—%
dium according to the technique described b_ ———e B9
Abonnenc (1972). 11 10

Metric data(Fig. 2) - Wings are relatively rigid Fig 2: dorsal view of the male wing btitzomyialongipalpis
and well preserved structures even after diSSEC“5"“&?5ir;c%"?sfiglem'indé?ﬁ{kfg C(Oﬁfxsiﬁ]";l‘d;?(?ré%ijt“”glfi%”S)Of
a,nd, are swta;ble structures f(?r Iandm_ark data ana%e black (E)ircles indigate the IaF;\dmarks used in);his study.
sis in sand flies. Camera lucida drawings of the left
and right wing were made on a microscope at a mag-
nification that allowed maintenance of a consistent

Size variatiorr For comparing overall wing size
among all groups, we used the isometric estimator
known as “centroid size” (CTR). This is derived
from coordinate data and is defined as the square
root the sum of the squared distances between the
specimen’s landmarks and their arithmetic mean
location. Standardizing size using CTR allows the
ToroTor computation of shape variables (see next para-

Uyuni graph). Because of the isometric nature of CTR,
shape variables obtained may still include allom-
etries (Baylac & Daufresne 1996).

Shape variation The raw landmark coordinates
were first superimposed using a Generalized
Procrustes superposition algorithm, whereby the
sum of squared distances between each object and
a reference configuration were iteratively minimized
by translations and rigid rotations (Rohlf 1990). At

" Yungas

g

Nicaragu: Robore

Bolivia

Fig 1: locations of the different populations lofitzomyia

longipalpis examined in this study. each iteration the reference, which was taken as
TABLE |
Material examined

Locality Latitude Altitude Number

(masl) ofwings
Nicaragua (N) 13°02'N, 86°56'W 200 26
Yungas (Y) 16°08'S, 67°42’'W 1,500 23
Robore (R) 18°20'S, 59°44'W 800 28
Uyuni (V) 19°25'S, 64°48'W 1,800 19
Toro Toro (T) 18°08'S, 65°45'W 2,700 20

N: (Group 1); Y: (Group 1, Bolivia); R: (Group 1, Bolivia); U: (Group 2, Bolivia); T: (Group 2, Bolivia)
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the mean configuration of the whole superimposedot altering the parallelisms of the grid and a “non-
sample, was updated. All specimens were standanaliform” component indicated by local distortions
ized to unit CTR. The partial warp (Generalizedf the grid.
Procrustes superposition algorithm) scores of these Shape variables, i.e., both “uniform” and “non-
superimposed data were used as shape variablesform” components, were used as input for a dis-
(Rohlf 1993). criminant (canonical variate) analysis. On the scat-
The Thin Plate Spline (TPS) interpolation func+ter plot of Fig. 3, we show only the first discrimi-
tion derived from the mean of the superimposedant factor (the vertical axis) plotted against CTR.
data was applied to a squared grid overlaying tHeeclassification based on all discriminant factors
mean landmark configuration to provide a directs presented in Table II, as well as in the Table I
and quantitative implementation of the D’Arcy-with Mahalanobis distances (Mahalanobis 1936)
Thompson transformation grids (Bookstein 1991)derived from the discriminant analysis.
We used this approach to illustrate shape changes Allometries- The relationships between the
along the first discriminant factor (the vertical axisshape variables and any other variable (size, factor
of Fig. 3) to provide a visual representation of thecore, ecological variate, etc.) may be analyzed by
shape variation indicated by this axis, including anultivariate regression analysis (Rohlf & Marcus
“uniform” component corresponding to changed993).

.38
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Fig 3: isometric size (“centroid size” or CTR) and shape variation among collections of Laelemia longipalpisrom
Nicaragua (N), Yungas (Y) and Robore (R) (Group 1, top polygons) and from Toro Toro (T), Uyuni (U) (Group 2, bottom
polygons). Limits of each locality are shown by their convex hulls (polygons), bold lines for “two-spots” phenotypes (T,
U, R). The horizontal axis represents CTR variation. The vertical axis (CV1) is the first discriminant factor derived from
shape variables, expressing 82% of the total variation. To the left of this axis are thin-plate splines (amplified three times
in order to make it more readable) showing the mean shapes of Group 1 and Group 2 as deformations from the grand mean

TABLE I

Reclassification of samples
Landmarks W6, W7, W8, W12, W13
Shape variables x1, y1, x2,y2, ul, u2
Correct Nicaragua (N) attribution 76% (8% confounded with R, 8% with Y, and 8% with U)
Correct Yungas (YY) attribution 70% (17% confounded with N, 13% with R)
Correct Robore (R) attribution 68% (14% confounded with N, 18% with Y)
Correct Uyuni (U) attribution 69% (26% confounded with T, 5% with N)
Correct Toro Toro (T) attribution 60% (30% confounded with U, 10% with N)

W6, W7, W8, W12, W13: landmarks (see Fig. 2); x1, y1, x2, y2, uniX, uniY: shape variables, obtained from raw
coordinates and processed by TPS relw (Rohlf); N: (Group 1); Y: (Group 1, Bolivia); R: (Group 1, Bolivia); U:
(Group 2, Bolivia); T: (Group 2, Bolivia)
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TABLE I regression of shape variables on isometric size

Mahalanobis distances according to shape variation(CTR) was significant (P < 0.003), however the ex-
plained variance of shape was relatively low (coef-

ZYSB';? - Distances Bgert(\)/\(j%en- DIStaNces ficient of determination was 16%). The first dis-
criminant factor, separating Group 1 and Group 2
N and R 9.9 Nand T 14.1  on the basis of shape variation, was poorly (6%)
NandY 6.4 N and U 145 ;
R and Y 6.4 Rand T 20.0 influenced by size (CTR).
T and U 70 R and U 521 Reclassification of specimens based on all dis-
' Yand T 16.1  Criminant factors resulted in the correct classifica-
Y and U 185 tion of 68% of the individuals to their respective

—— . ——— |ocality of origin. A detailed examination of this
Mahalanobis distances derived from the discriminal lassification (Table 11) shows that this reclassifi-

analysis on shape variables. Based on partial warp scores - .
(uniform + non-uniform) (see text for details). N: Catonwas almost perfect in relation to Group 1 and

Nicaragua (Group 1); Y: Yungas (Group 1, Bolivia); R:Group 2 (8% of wrong classification, that s 5 speci-
Robore (Group 1, Bolivia); U: Uyuni (Group 2, Bolivia); mens wrongly classified). Mahalanobis distances
T: Toro Toro (Group 2, Bolivia) ranged from 6.4 to 22.1, being systematically larger
between localities belonging to different groups
(Group 1, Group 2) than between localities within
Regression parameters allow prediction (anthese two groups (Table I1).
visualization) of the shape changes in relation to Allometric trends of the wing The results of
the specified variable. We used this approach tmultivariate analysis of covariance on total geo-
model the allometric patterns associated with varianetric shape (with localities and size as indepen-
tionin CTR. Furthermore, the latter were comparedent variables, and their interaction) indicated no
statistically in a multivariate analysis of covariancesignificant geographic differences in allometric
(MANCOVA), with total shape variables as depenirends: the relation of shape and size was similar
dent variables, and locality, CTR and their interacfor all localities.
tion as in independent variables.
Software- Procrustes superimposition, TPS ) DIS.CU.SSION ]
parameters, CTR and graphical output were ob- Geometric variation of the wings dfu.
tained using TPSrelw (Rohlf 1998a) and TPSRedPngipalpisdid not reveal large geographic subdi-
(Rohlf 1998b) programs. visions, as is frequent when examining morpho-
Statistical analyses were done using JMP@etric variation. Neither did it separate ecological
(SAS 1995) and STATA® (Computing resourcedPeridomestic, silvatic) or phenotypic (“one-spot”
1992). They included discriminant analysis usingnd “two spots”) characters. It is worth mention-
the geographic localities as groups and multiplld that the metric variation of the wings was not
and simple linear regression of shape on size, 8§ven by the presence of “one-spot” and “two-

well as a MANCOVA for comparing allometric SPOts” morphs, supporting other studies reporting
trends among localities. no genetic differences between the two morphs.

RESULTS Nevertheless, our analysis of wing shape variation
revealed here two clusters, named hereafter as
Size variation(Fig. 3) - The N sample had the Group 1 and Group 2.
smallest wings, while the high localities (Y, U, T)  Group 1 (N, Y, R) is a composite assemblage of
had the largest. Intermediate between these twwssible vector populations bfi. longipalpisin-
extremes were the wings from R in the lowlands afluding either silvatic, “two-spots” specimens (R)
Bolivia. Although apparently not in obvious dis-or peridomestic, “one-spot” specimens (Y, N) com-
agreement with elevation, this size variation did ndng from high (Y) or low (N, R) altitudes. Group 2 (T,
show a significant correlation with altitude (P = 0.09J) was more homogenous, since these not too dis-
Mantel test). tant localities (175 km) were composed of “two-
Shape variation(Fig. 3) - The discriminant spots” phenotypes, both of them from very high
analysis derived from total shape (non-uniform andltitudes in Bolivia (T, U), living in silvatic condi-
uniform components together) tended to separatdieons and of unknown, but probably of no, epide-
two main groups along the first discriminant factormiological significance.
the first one (Group 1) represented by N, Y and R, These two groups were recognized mainly by
and the second one (Group 2) composed of U astiape differences. The way shape was “extracted”
T. The deformation grids along the (first) discrimi-from metric variation (see Procrustean superposi-
nant factor separating these two groups showedian, Material and Methods) did not exclude some
strong uniform component (see Fig. 3). Multipleallometric influence on its variation. That is, even



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 96(8), November 2001 1093

when isometric size (CTR) has been controlled, difing vectorial capacity may be responsible for the
ferences in growth states could still be a signifidiscontinuous distribution on VL (Mutebi et al.
cant cause of shape variation. The contribution df999). Between such cryptic species where appar-
size variation to the total shape variation was 16%ntly no reliable discrete anatomical attribute is di-
This influence on shape variation in Group 1 andgnostic, molecular examination remains indispens-
Group 2 was lower (6%, P = 0.006), as indirecthable as a source of evidence (Bonnefoy et al. 1986,
estimated by performing a simple linear regressiobanzaro et al. 1993, Dujardin et al. 1997, Lampo et al.
of the first canonical factor (CV1, see Fig. 3) or1999). Karyotype has recently been proposed as
CTR(Baylac & Daufresne 1996, Klingenberg 1996)an alternative (Huaizhi et al. 1999). As shown by
The two groups could have different epidemioour study, though, a role for a less expansive tech-
logical importance. Group 1 is likely to contain achiques such as morphometrics might be reclaimed.
tive vectors ot e. chagasiThis has been demon-
strated inthe Y (Le Pont & Desjeux 1985). It is specu- A_CKNOWLEDGEMENTS )
lated for N (Belli et al. 1999), and for R where VL is ni\TgrsDitry% ]‘Sl\lllgsv egﬁtgtgfn';%orfgg in%Vgiulginﬁdsr;%tg
B & Romeneecor f he NLASA 14 as, S, o PG
graphic area where VL cases never have been rao (nvestigation.
ported. Although related to environmental varia- REFERENCES
tion (animal reservoir), the vectorial capacity is genabonnenc E 1972. Les phlébotomes de la Région
erally recognized as a genetic trait (Killick-Kendrick  Ethiopienne (Diptera: Psychodidaklem ORSTOM
1985, Pimenta et al. 1994). Two other, indirect argu- 55: 1-284.
ments also supported the hypothesis of genet&tkiIHS(?n ||3| 19?4- T‘T*}Eerat:&% arllfd OlrgRaniSZESSigei bio-
i i ogical law 1or ectotnermsARav ecol rRes -J0.
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Group 2, except for a 6% contribution (see aboveRaylac M, Daufresne T 1996. Wing venation variability
Thus, other causes could be invoked such as in Monarthropalpus bux{Diptera: Cecidomyiidae)
adaptative or genetic ones. and the quaternary coevolution of bo&ukus

The second argument which could be indica- S€mPpervirens hand its midge. A geometrical mor-
tive of genetic differences rather than environmen- Pnometric analysis. In LF Marcus, M Corti, A Loy,
tal ones was the lack of significant correlation be- G Naylor, DE Slice (eds)Advances in Mor-

. . g phometricsNATO-ASI No. 284, Plenum Press, New
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some of these populations estimating a consisteBbokstein FL 1990. Introduction to methods for land-
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