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Introduction

One of the first steps in an epidemiological study on leish-
manioses the correct identification of phlebotomine (Phle-
botominae) vectors. Discriminating among isomorphic, 
cryptic species with close or related morphologies, or those 
presenting a wide range of clinal or teratological variability, 
is especially relevant due to differences in vector capacity or 
possible incidence of resistance or tolerance to chemically-
derived insecticides. This is an increasingly frequent problem 
in several countries (Lanzaro and Warburg 1995; Santamaría 
et al. 2002; Maroli and Khoury 2004; Watts et al. 2005).
 The subgenus Helcocyrtomyia Barretto, 1962 belongs to 
the medically important phlebotomine sandfly genus Lutzo-
myia França, 1924, containing more than 30 Neotropical and 
Nearctic species, most of which have anthropophilic habits, 
and with at least three being suspected vectors of cutaneous 
leishmaniosis (Young and Duncan 1994). For the species 
identification within this subgenus, morphological character-
istics of male genitalia, among others, have usually been used 
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alares; se podría analizar estos datos aun en campo para realizar estudios epidemiológicos in situ, apoyado por la amplia 
disponibilidad de computadores portátiles y software estadísticos.
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since females present very similar taxonomic characters, or 
even many of these are isomorphic or cryptic. Thus, morpho-
logical differentiation among females is undertaken princi-
pally by geographical association with the males (Galati and 
Cáceres 1994). This taxonomical problem is particularly dif-
ficult with respect to species in the Osornoi series (sensu Ga-
lati and Cáceres 1994) of this subgenus, three of which have 
been described for Venezuela, including Lutzomyia ceferinoi 
(Ortiz and Alvarez, 1963), Lutzomyia erwindonaldoi (Ortiz, 
1978) (=Lutzomyia larensis Arredondo, 1987), and Lutzomyia 
strictivilla Young, 1979. The first two have been collected in 
sympatry in the Zulia state and the last two in Lara state; both 
places are in the western region of Venezuela (Feliciangeli 
1988; Galati and Cáceres 1994; Young and Duncan 1994).
 Recognizing that sibling species complexes occur among 
many medically important insects, new complementary tools 
were required to provide greater accuracy in taxonomic and 
epidemiological studies. Traditional multivariate morphom-
etry has proven to be a useful additional method for recog-
nition of specimens belonging to morphologically confusing 
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taxa of several vector group species, including, among oth-
ers, anophelines (Petrarca et al. 1998), simuliids (Krüger and 
Garms 1999) and triatomines (Costa et al. 2009). Concern-
ing phlebotomine species, several methods have been used 
or proposed to solve the problem of differentiating those 
with closely-related morphologies, including morphometry 
(Gebre-Michael and Medhin 1997; Dujardin et al. 1999), 
gas chromatography analysis of cuticular hydrocarbon pat-
terns (Ryan et al. 1986; Phillips et al. 1990; Mahamat and 
Hassanali 1998), cytogenetic karyotype studies (Kreutzer et 
al. 1988; Escovar et al. 2002), isoenzymatic profile analysis 
(Kreutzer et al. 1990; Márquez et al. 2001; Arrivillaga et al. 
2003), and DNA patterns (Peixoto et al. 2001; Hodgkinson et 
al. 2003; Beati et al. 2004). Multivariate morphometric stud-
ies have been used successfully to solve taxonomic problems 
in the Phlebotominae subfamily, especially in cases involving 
cryptic species. Currently several research initiatives have 
been started to detect intraspecific geographical variation and 
their application to solve problems of morphological iden-
tification and stability of morphometric characters of taxo-
nomic importance (Dujardin et al. 1999, 2003; Dujardin and 
Le Pont 2004).
 In the course of an eco-epidemiological study on the 
transmission dynamics of tegumentary (TL) and visceral 
(VL) leishmanioses in endemic foci in Falcon state, in north-
western Venezuela, phlebotomine females belonging to the 
subgenus Helcocyrtomyia were initially collected without 
their respective males. By applying the typological taxonom-
ic keys supplied by Young and Duncan (1994), in which we 
find ambiguous and subjective expressions such as “wing ve-
nation with beta longer than”, “individual sperm ducts wider 
than genital fork stem”, these specimens were erroneously 
identified as L. osornoi (Ristorcelli and Van Ty, 1941). For-
tunately, in the last weeks of the study we were able to catch 
male specimens which, after the respective sex association 
and morphometric studies (Galati and Cáceres 1994), defini-
tively corresponded to L. erwindonaldoi.
 Accordingly, results are presented from a classical mul-
tivariate morphometric study that singled out discriminant 
functions that complement, even at field level, the traditional 
morphology for the accurate and specific identification of fe-
male specimens of L. erwindonaldoi and L. ceferinoi, by the 
measurement of just three morphological characters.

Materials and Methods

A total of 63 females were used in a classical morphometric 
analysis. The females were collected by a Shannon trap in 
several localities of Venezuela (Table 1). All specimens were 
cleared at room temperature in Nesbitt’ solution for 12-24 
h, and later were mounted on microscope slides in Berlese’s 

medium. A detailed description of specimen preparation has 
been provided by Añez et al. (1988).
 Three wing characters (Table 2) were measured using a 
light microscope fitted with an ocular micrometer. Morpho-
logical terminology is in accordance with Young and Duncan 
(1994).
 Multivariate statistics were used to compare all mor-
phological characters. Measurements were first transformed 
into natural logarithms (Jolicoeur 1963). A covariate matrix 
based on principal component analysis (PCA) was used to 
summarize total variation, without the necessity of assign-
ing individuals to taxa. The first principal component (PC1) 
is generally considered a multivariate size vector, as verified 
by the positive and close correlation of each variable with 
PC1 (Dos Reis et al. 1990). Thus, the effect of size varia-
tion among wing characters was removed by regressing each 
character on PC1, and then applying size free discriminant 
function analysis (DA) to residues obtained from the regres-
sions to assess the degree of distinctiveness of both sandfly 
taxa without allometric trends (Strauss 1985; Dos Reis et al. 
1990). Therefore, the multivariate discriminant functions ob-
tained could be used to discriminate between unknown fe-
males of both Helcocyrtomyia species on the basis of size 
independent shape differences rather than those caused by 
ecophysiographic dependent factors (Dujardin et al. 1999; 
Dujardin and Le Pont 2004). The Kappa index was used for 
verifying conflicting classifications (Landis and Koch 1977). 
The discriminating utility of the three wing characters was 
evaluated in a blind test on a mixture of 11 L. erwindonaldoi 
and 10 L. ceferinoi. Additionally, a cluster analysis was per-
formed based on Manhattan distance matrices, which were 
used to construct a dendrogram using the unweighted pairs 
group method analysis (UPGMA). Data were analyzed us-
ing PAST version 1.29 (Hammer and Harper 1999-2004), 
STATGRAPHICS Plus for Windows 20 packages (Statistical 
Graphic Corp., 1994-1996) and Web pages for statistical cal-
culations (StatPages.net, members.aol.com/john71/javastat.
html).

Results

The first pool within group PC1 represented 99.85% of the 
total variation, and showed a highly positive correlation with 
each variable (Ww: 0.99; δ: 0.99; α: 0.99), thus represent-
ing a good size factor. DA produced two well defined and 
non overlapping phenetic groupings that corresponded to the 
two Helcocyrtomyia species (Fig. 1). These characters pro-
vided a highly significant canonical correlation (0.97; P << 
0.01) for the derived discriminant function and allowed a per-
fect identification of individuals (100%; kappa = 1.0; Wilks 
lambda = 0.055; P < 0.0001) greater than would be expected 

Species N State Locality Geographic coordinates

10 Mérida La Enfadosa 08°31’03”N, 71°33’12”W

Lutzomyia ceferinoi 7 Mérida La Calera 08°31’01”´N, 71°33’14”W

14 Mérida Los Curos 08°31’06”N, 71°33’18”W

Lutzomyia erwindonaldoi 32 Falcón Cerro Galicia 11°12’12”N, 69°09’15”W

Table 1. List of locations for sandfly species studied (N=sample size) in Venezuela.
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by chance (50.27%). Therefore, an unknown sandfly could 
be identified accurately as L. erwindonaldoi or L. ceferinoi 
by multiplying the measured variables (in micrometers) with 
their respective classification coefficients. Thus, the classi-
fication function for L. erwindonaldoi was: y= -1.09010 x 
1010 – 677.610 (Ww) + 4.90323 x 109 (α) – 2.00612 x 109 (δ). 
For L. ceferinoi it was: y= -1.09015 x 1010 – 677.639 (Ww) + 
4.9035 x 109 (α) – 2.00615 x 109 (δ). In the blind test, 100% 
of specimens from two species populations were placed into 
the correct species groups. As shown in the dendrogram (Fig. 
2), the geographic groups of both species had a wide phenetic 
separation. Nevertheless, even these species groups showed a 
visible intraspecific differentiation.

Discussion

Using Galati and Cáceres’s cladistic criterion, L. erwindon-
aldoi (= L. larensis), L. ceferinoi, and L. strictivilla are clas-
sified in the series Osornoi, while L. scorzai (Ortiz, 1965) 
belongs to the series Sanguinaria. It is significant that in these 
four species, as in several species groups and subgenera of 
Lutzomyia (sensu Young and Duncan 1994), females are dif-
ficult to identify morphologically unless they are associated 
with their respective male counterparts; this situation often 
leads to identification problems (Galati and Cáceres 1994; 

Young and Duncan 1994). For example, the female individu-
als of L. ceferinoi used in this study were referred to initially 
as L. sp. of the vexator series, and could not be correctly iden-
tified until male specimens from recent colonization were ob-
tained (Cazorla and Añez 1988). Similarly, the females of L. 
erwindonaldoi also studied here were first described as L. sp. 
of Helcocyrtomyia, or erroneously as “L. osornoi”, in accor-
dance with the type keys of Young and Duncan (1994), which 
included females of L. erwindonaldoi and “L. larensis”, and 
in which subjective, vague or inaccurate expressions, such as 
“longer or shorter than” or “subequal to” were used. Eventu-
ally, their correct morphological identification was possible 
only after their respective males had been collected for a com-
parative morphological identification, and complemented by 
multivariate morphometric discrimination with L. ceferinoi 
females, as this paper shows.
 Despite the above, confirming the taxonomic status of L. 
ceferinoi and L. erwindonaldoi has had, and still presents, 
several difficulties. In fact, L. ceferinoi was described by 
Ortiz and Álvarez (1963) from a male specimen collected 
in Biscucuy, Portuguesa state, in the western region of Ve-
nezuela. Later on, Ortiz (1978) described L. erwindonaldoi 
and widened the variation of L. ceferinoi from males (one 
for each sp.) collected under sympatric conditions from tree 
holes in Caja Seca, Zulia state, western Venezuela. It should 
be noted that in that publication (Ortiz 1978), the pictures of 
the external genitalia from both species were swapped, prob-
ably by an involuntary editorial or printing error, and this 
may easily be verified when measurements of both species 
are compared with both the original description for L. ceferi-
noi and the taxonomic keys presented by Ortiz (1978) (Galati 
and Cáceres 1994). This error might have led induced Young 
and Morales (1987), as Galati and Cáceres (1994) suggested, 
and with whom I agree, to the erroneous identification of L. 
erwindonaldoi in Colombia, and to the subsequent erroneous 
identification of the female. Thus, everything suggests that 
these authors really studied L. ceferinoi (Galati and Cáceres 
1994). As mentioned above, the female and the male of L. 
ceferinoi were already described on the basis of material col-
lected from populations in Mérida state, in the Andean region 
of Venezuela (Cazorla and Añez 1988). Young and Duncan 
(1994) considered this description and redescription of L. 
ceferinoi as “not valid”, because the entomological material 
had not been collected in the “type” locality of Caja Seca 
(Zulia state), and further because “there is no convincing evi-
dence that it is conspecific with L. ceferinoi”. However, as 

X S.D. Min. Máx.

Character                                                                       Lutzomyia erwindonaldoi

Length of wing vein (δ) 611.5 45.3 530.0 678.0

Length of wing vein (α) 1,198.3 78.1 1,113.0 1,333.0

Width of wing (Ww) 1,105.4 59.1 1,027.0 1,225.0

                                                                                                                                    Lutzomyia ceferinoi

Length of wing vein (δ) 203.2 9.2 111.0 286.0

Length of wing vein (α) 737.5 68.6 632.0 875.0

Width of wing (Ww) 338.6 27.12 298.0 393.0

Table 2. Mean (X ) , standard deviation (S.D.) and minimum (min) and maximum (max) values (µm) of the three morphological characters measured 
from females of Lutzomyia ceferinoi (N=31) and L. erwindonaldoi (N=32).

Figure 1. Frequency distribution of discriminant scores for females 
of Lutzomyia erwindonaldoi (black bars) and L. ceferinoi (grey bars), 
along discriminant axis.
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stated previously, the above authors did not detect the “print-
ing error” in Ortiz (1978), which might explain their confu-
sion about the taxonomic status of L. ceferinoi. Additionally, 
they also did not consider that the type material of this spe-
cies was virtually missing.
 Concerning L. erwindonaldoi, the “printing/editorial er-
ror” in the original description by Ortiz (1978) may also lead 
to confusion if not taken in account. Additionally, there is 
complete agreement with the analysis of Galati and Cáceres 
(1994), which concluded that the L. larensis described by 
Arredondo (1987) was in fact a synonymy of L. erwindon-
aldoi, as the measurements of the two species did not distin-
guish between them, and that further comparing the external 
genitalia of a specimen from the type locality of L. larensis 
with those of specimens of L. erwindonaldoi, they concluded 
they were similar. Arredondo (1987), as Galati and Cáceres 
(1994) also point out, made no comparisons between the two 
species in spite of their clear morphological and morphomet-
ric affinities. Given that females of species of the Osornoi 
series (Galati and Cáceres 1994) are hard to identify morpho-
logically if not associated with their respective males, and 
that L. ceferinoi and L. erwindonaldoi may coexist sympatri-
cally (Ortiz 1978), the discriminating functions obtained in 
this study can be used as a practical complementary tool for 
the accurate identification of specimens by virtue of the mea-
surements of just three wing characters. This may be done 
with the use of laptop computers and statistical software, 
even in the field for epidemiological in situ studies. This be-
comes especially relevant when dichotomous keys, such as 
those of Galati and Cáceres (1994, 2003), which contain sub-
jective or vague expressions such as “delta ca. ½ of alpha”, 
“flagellomere III longer than labrum-epipharynx”, are used 
for species identification in the Osornoi series.
 It is worth mentioning that the traditional multivariate 
morphometry has demonstrated its usefulness in separating 
accurately isomorphic species in several Lutzomyia subgenus 
or species groups, including verrucarum (Añez et al. 1997) 
and aragoi (Dujardin et al., 2005) groups, and the subgenus 

Micropygomyia (Cazorla and Acosta 2003). Nevertheless, in 
those studies more than three morphological characters were 
required.
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