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Wing Geometry as a Tool for Studying the Lutzomyia
longipalpis (Diptera: Psychodidae) Complex

J De la Riva/+, F Le Pont*, V Ali**, A Matias, S Mollinedo, JP Dujardin

INLASA, CP M-10019, Rafael Zubieta 1889, La Paz, Bolivia  *UMR IRD-CNRS 9926, Montpellier, France
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Toro Toro (T) and Yungas (Y) have been described as genetically well differentiated populations of
the Lutzomyia longipalpis (Lutz & 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 transmitting Leishmania chagasi). The Nicaragua (N)
(Somotillo) 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 subdivision of   Lu.
longipalpis could correspond to different evolutionary units.

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

A high variability in Lutzomyia longipalpis
(Lutz & Neiva 1912) (Diptera: Psychodidae:
Phlebotominae), vector of Leishmania chagasi, has
been described at morphological and evolutionary
levels. Morphologically, the most significant ob-
servation is the existence of  “one-spot” and “two-
spots” phenotypes (Mangabeira 1969). This male
trait corresponds to the occurrence of sexual phero-
mone glands (Lane & Ward 1984). Evolutionarily
Lu. longipalpis has been characterized as a com-
plex of species. This was deduced from the exist-
ence of different sexual pheromones, not necessar-
ily corresponding to the number of abdominal spots
(Lane et al. 1985), and from hybridization and isoen-
zyme studies (Lanzaro et al. 1993, Lampo et al. 1999).
These latter techniques allowed the recognition of
three different biological species distributed in
Colombia, Brazil and Costa Rica (Lanzaro et al.

1993), and recently, the detection in Venezuela of
two cryptic species occurring in sympatry (Lampo
et al. 1999). In samples from Brazil, two isoenzyme
comparisons suggested that Lu. longipalpis is a
single, but genetically heterogeneous, polymorphic
species (Mukhopadhyay et al. 1998, Mutebi et al.
1999, Azevedo et al. 2000).

In Bolivia the “one-spot” phenotype of Lu.
longipalpis, vector of canine and human visceral
leishmaniasis, is currently found in domestic and
peridomestic environment of the Yungas, Y (De-
partment of La Paz) (Le Pont & Desjeux 1985). The
“two-spots” phenotypes are described at the en-
trance of caves (Chiflonkaka, Humajalanta) at Toro
Toro, T (Department of Potosi), a place where vis-
ceral leishmaniasis (VL) does not occur (Le Pont et
al. 1989). Recently, other wild caught “two-spots”
phenotypes 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
among Bolivian field populations of Lu. longipalpis
indicated a distinct population at T; it has a “two-
spots” phenotype showing consistent Nei’s stan-
dard genetic distance (0.081) from the peridomestic,
“one-spot” populations of the Y (Dujardin et al.
1997).
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Here we use geometric morphometrics to com-
pare samples from these populations and new popu-
lations, notably the two new “two-spots” samples
discovered in Bolivia (U and R).

MATERIALS AND METHODS

Insects (Fig. 1) - In total, 116 wings of male Lu.
longipalpis were examined (Table I): 26 from N
(Somotillo, 220 masl, n = 26) and 90 from Bolivia. In
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 re-
gion in the lowlands of Bolivia bordering Brazil (R,
at 500 masl, n = 28). All specimens were collected
by light traps. Insects were mounted in Euparal me-
dium according to the technique described by
Abonnenc (1972).

Metric data (Fig. 2) - Wings are relatively rigid
and well preserved structures even after dissection
and are suitable structures for landmark data analy-
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

plane of focus to control distortion. On the distal
part of the wing, we identified a total of 12 possible
landmarks of  “type I” (venation intersections) and
one of  “type II” (proximal extremity of R5) according
to Bookstein’s (1990) classification. To accord with
relatively low sample sizes, our study was based on
a subset of 5 landmarks (Bookstein 1996). The coor-
dinates of landmarks were digitized using  TPSDIG
(version 1.5; Rohlf 1997).

Nicaragua  Nicaragua  

Bolivia  Bolivia  

Yungas  

Robore  

Toro Toro  
Uyuni  

Fig 1: locations of the different populations of Lutzomyia
longipalpis examined in this study.

Fig 2: dorsal view of the male wing of Lutzomyia longipalpis.
Thirteen possible landmarks corresponding to junction of
veins except for the point 13 (proximal extremity of R5).
The black circles indicate the landmarks used in this study.

TABLE I

Material examined

Locality Latitude Altitude Number
(masl) of wings

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 (U) 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)

Size variation - 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
computation of shape variables (see next para-
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
each iteration the reference, which was taken as
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the mean configuration of the whole superimposed
sample, was updated. All specimens were standard-
ized to unit CTR. The partial warp (Generalized
Procrustes superposition algorithm) scores of these
superimposed data were used as shape variables
(Rohlf 1993).

The Thin Plate Spline (TPS) interpolation func-
tion derived from the mean of the superimposed
data was applied to a squared grid overlaying the
mean landmark configuration to provide a direct
and quantitative implementation of the D’Arcy-
Thompson transformation grids (Bookstein 1991).
We used this approach to illustrate shape changes
along the first discriminant factor (the vertical axis
of Fig. 3) to provide a visual representation of the
shape variation indicated by this axis, including a
“uniform” component corresponding to changes

not altering the parallelisms of the grid and a “non-
uniform” component indicated by local distortions
of the grid.

Shape variables, i.e., both “uniform” and “non-
uniform” components, were used as input for a dis-
criminant  (canonical variate) analysis. On the scat-
ter plot of Fig. 3, we show only the first discrimi-
nant factor (the vertical axis) plotted against CTR.
Reclassification based on all discriminant factors
is presented in Table II, as well as in the Table III
with Mahalanobis distances (Mahalanobis 1936)
derived from the discriminant analysis.

Allometries - The relationships between the
shape variables and any other variable (size, factor
score, ecological variate, etc.) may be analyzed by
multivariate regression analysis (Rohlf & Marcus
1993).

TABLE II

Reclassification of samples

Landmarks W6, W7, W8, W12, W13

Shape variables x1, y1, x2, y2, u1, u2

Correct Nicaragua (N) attribution 76% (8% confounded with R, 8% with Y, and 8% with U)
Correct Yungas (Y) 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)

Centroid Size262 412

-.38

.38

N
N

N

N

N

N

N

R

R

R

R

R

R

R

T

T
T

TT

T

TU

U

U

U

U

U

U

Y

Y

Y

Y

Y

Y
Y

Y

N

N

N
N

T

TU

U

U
U

U

U

U

U

U

U

U
U

U

Y
Y

Y Y
Y

Y
Y

Y

Y

Y

Y

Y

Y

Y

YY

N
N

N

N

N

N

N

R

R

R

R

R

R

R

T

T
T

TT

T

TU

U

U

U

U

U

U

N

N

NN N

NN

N N
N
N

N

N

N

N

N R
R

R

R
R

R
R

R

R

R

R

RR

R

R
R R

R

R

R

R R

T
T

T

T

T
T

T

T

T

T

T

T8 12

7

6

13

8 12

7

6

13

CV 1

Fig 3: isometric size (“centroid size” or CTR) and shape variation among collections of male  Lutzomia longipalpis from
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.
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Regression parameters allow prediction (and
visualization) of the shape changes in relation to
the specified variable. We used this approach to
model the allometric patterns associated with varia-
tion in CTR. Furthermore, the latter were compared
statistically in a multivariate analysis of covariance
(MANCOVA), with total shape variables as depen-
dent variables, and locality, CTR and their interac-
tion as in independent variables.

Software - Procrustes superimposition, TPS
parameters, CTR and graphical output were ob-
tained using TPSrelw (Rohlf 1998a) and TPSRegr
(Rohlf 1998b) programs.

Statistical analyses were done using JMP®
(SAS 1995) and STATA® (Computing resources
1992). They included discriminant analysis using
the geographic localities as groups and multiple
and simple linear regression of shape on size, as
well as a MANCOVA for comparing allometric
trends among localities.

RESULTS

Size variation (Fig. 3) - The N sample had the
smallest wings, while the high localities (Y, U, T)
had the largest. Intermediate between these two
extremes were the wings from R in the lowlands of
Bolivia. Although apparently not in obvious dis-
agreement with elevation, this size variation did not
show a significant correlation with altitude (P = 0.09,
Mantel test).

Shape variation (Fig. 3) - The discriminant
analysis derived from total shape (non-uniform and
uniform components together) tended to separated
two main groups along the first discriminant factor:
the first one (Group 1) represented by N, Y and R,
and the second one (Group 2) composed of  U and
T. The deformation grids along the (first) discrimi-
nant factor separating these two groups showed a
strong uniform component (see Fig. 3). Multiple

regression of shape variables on isometric size
(CTR) was significant (P < 0.003), however the ex-
plained variance of shape was relatively low (coef-
ficient of determination was 16%). The first dis-
criminant factor, separating Group 1 and Group 2
on the basis of shape variation, was poorly (6%)
influenced by size (CTR).

Reclassification of specimens based on all dis-
criminant factors resulted in the correct classifica-
tion of 68% of the individuals to their respective
locality of origin. A detailed examination of this
classification (Table II) shows that this reclassifi-
cation was almost perfect in relation to Group 1 and
Group 2 (8% of wrong classification, that is 5 speci-
mens wrongly classified). Mahalanobis distances
ranged from 6.4 to 22.1, being systematically larger
between localities belonging to different groups
(Group 1, Group 2) than between localities within
these two groups (Table II).

Allometric trends of the wing - The results of
multivariate analysis of covariance on total geo-
metric shape (with localities and size as indepen-
dent variables, and their interaction) indicated no
significant geographic differences in allometric
trends: the relation of shape and size was similar
for all localities.

DISCUSSION

Geometric variation of the wings of Lu.
longipalpis did not reveal large geographic subdi-
visions, as is frequent when examining morpho-
metric variation. Neither did it separate ecological
(peridomestic, silvatic) or phenotypic (“one-spot”
and “two spots”) characters. It is worth mention-
ing that the metric variation of the wings was not
driven by the presence of “one-spot” and “two-
spots” morphs, supporting other studies reporting
no genetic differences between the two morphs.
Nevertheless, our analysis of wing shape variation
revealed here two clusters, named hereafter as
Group 1 and Group 2.

Group 1 (N, Y, R) is a composite assemblage of
possible vector populations of Lu. longipalpis in-
cluding either silvatic, “two-spots” specimens (R)
or peridomestic, “one-spot” specimens (Y, N) com-
ing from high (Y) or low (N, R) altitudes. Group 2 (T,
U) was more homogenous, since these not too dis-
tant localities (175 km) were composed of “two-
spots” phenotypes, both of them from very high
altitudes in Bolivia (T, U), living in silvatic condi-
tions and of unknown, but probably of no, epide-
miological significance.

These two groups were recognized mainly by
shape differences. The way shape was “extracted”
from metric variation (see Procrustean superposi-
tion, Material and Methods) did not exclude some
allometric influence on its variation. That is, even

TABLE III

Mahalanobis distances according to shape variation

Within- Distances Between- Distances
group group

N and R 9.9 N and T 14.1
N and Y 6.4 N and U 14.5
R and Y 6.4 R and T 20.0
T and U 7.0 R and U 22.1

Y and T 16.1
Y and U 18.5

Mahalanobis distances derived from the discriminant
analysis on shape variables. Based on partial warp scores
(uniform + non-uniform) (see text for details). N:
Nicaragua (Group 1); Y: Yungas (Group 1, Bolivia); R:
Robore (Group 1, Bolivia); U: Uyuni (Group 2, Bolivia);
T: Toro Toro (Group 2, Bolivia)
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when isometric size (CTR) has been controlled, dif-
ferences in growth states could still be a signifi-
cant cause of shape variation. The contribution of
size variation to the total shape variation was 16%.
This influence on shape variation in Group 1 and
Group 2 was lower (6%, P = 0.006), as indirectly
estimated by performing a simple linear regression
of the first canonical factor (CV1, see Fig. 3) on
CTR (Baylac & Daufresne 1996, Klingenberg 1996).

The two groups could have different epidemio-
logical importance. Group 1 is likely to contain ac-
tive vectors of Le. chagasi. This has been demon-
strated in the Y (Le Pont & Desjeux 1985). It is specu-
lated for N (Belli et al. 1999), and for R where VL is
known to occur (Monteiro de Barros & Rosenfeld
1942, Zuna et al. 1987). Group 2 is living in a geo-
graphic area where VL cases never have been re-
ported. Although related to environmental varia-
tion (animal reservoir), the vectorial capacity is gen-
erally recognized as a genetic trait (Killick-Kendrick
1985, Pimenta et al. 1994). Two other, indirect argu-
ments also supported the hypothesis of genetic
differences separating Group 1 and Group 2.

The first argument is related to the nature of
shape divergence. Indeed, our data does not sup-
port growth (size variation) as the main cause of
the observed distinction between Group 1 and
Group 2, except for a 6% contribution (see above).
Thus, other causes could be invoked such as
adaptative or genetic ones.

The second argument which could be indica-
tive of genetic differences rather than environmen-
tal ones was the lack of significant correlation be-
tween size and altitudes. As stated by Bergmann’s
rule (Atkinson 1994) – and as a long as it means
correlation of size with temperature – such a corre-
lation is expected to occur among local populations
of the same species or among very closely related
species. The observed discordance is an argument
against simple intraspecific variation (Lane & Fritz
1986, Marcondes et al. 1998, Dujardin et al. 1999,
Dujardin & Le Pont 2000).

Finally, it is worth mentioning that our results are
in agreement with previous isoenzyme analysis on
some of these populations estimating a consistent
Nei’s genetic distance (0.081) between the Y (Group
1) and the T (Group 2) populations but a consider-
ably lower distance (ranging 0.000 to 0.002) within
the Y population (Dujardin et al. 1997). Similarly, our
metric distances estimated here (Mahalanobis dis-
tances) varied from 14 to 22 between groups, whereas
the same estimation within groups gave values rang-
ing from 6 to 10.

Our results show the variation of the geometry
of the wing of Lu. longipalpis is in agreement with
a genetically heterogeneous species in Bolivia.

It is thought that isomorphic species with vary-

ing vectorial capacity may be responsible for the
discontinuous distribution on VL (Mutebi et al.
1999). Between such cryptic species where appar-
ently no reliable discrete anatomical attribute is di-
agnostic, molecular examination remains indispens-
able as a source of evidence (Bonnefoy et al. 1986,
Lanzaro et al. 1993, Dujardin et al. 1997, Lampo et al.
1999). Karyotype has recently been proposed as
an alternative (Huaizhi et al. 1999). As shown by
our study, though, a role for a less expansive tech-
niques such as morphometrics might be reclaimed.
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