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Culex quinquefasciatus Say, 1823 is the main vector of
bancroftian filariasis in Brazil and because it can transmit ar-
boviruses between animals and human beings. Its geographical
distribution is pantropical, and in the Americas it occurs from
the central and southern regions of the U.S.A. to Argentina
(Forattini 2002). Adults and larvae have synanthropic habits
and can develop in urban environments where populations of-
ten show tolerance to pollutants and insecticides (Natal & Ueno
2004). This species is adapted to urban areas and benefits from
the processes of industrialization and urbanization.

Another mosquito species found in urban environments
in the Americas is Culex nigripalpus Theobald, 1901. It is a
species of public health interest and occurs from the Tropic
of Cancer, North America, to the Tropic of Capricorn, South
America. It is able to reproduce in artificial breeding con-
tainers rich in organic matter, such as polluted streams
connected to sewers (Forattini et al. 1998; Forattini 2002).
This species is a vector of human encephalitis arboviruses in
tropical region (Mitchell et al. 1979; Forattini et al. 1995;
Day & Curtis 1999).

These two species are mostly found in sympatry and in
many cases the larvae live syntopically in the same breeding
site, occupying similar ecological niches (Forattini 2002).
Although these species are easily distinguished when in good
condition, the concurrence of these requires caution in taxo-
nomic identification, especially when the specimens are

damaged or preserved in ethanol.
This paper is intended to define wing characters that will

allow workers to distinguish between Cx. quinquefasciatus
and Cx. nigripalpus, which could expedite identification of
poorly-preserved culicids. To that purpose, wings were de-
scribed by geometric morphometrics tools.

MATERIAL AND METHODS

Specimen collection. Samples were collected in the urban
area of São Paulo city (State of São Paulo, Brazil). Cx.
nigripalpus specimens were collected from the Parque
Ecológico do Tietê (April/2007) and Cx. quinquefasciatus from
the banks of the Pinheiros River (May/2007). Specimens were
collected via entomological aspirators, taxonomically identi-
fied to species and stored in 70% ethanol.

Wings preparation. Wing of Cx. nigripalpus (males
n = 56, females n = 31) and Cx. quinquefasciatus (males
n = 55, females n = 32) were mounted on glass microscope
slides with Entellan medium (Merck, NJ-USA). Images of
wings were captured by a Leica DFC320 digital camera
coupled to a Leica S6 stereoscope equipped with plain lenses
which avoid image distortion (Fig. 1A). For each wing, co-
ordinates of 18 evolutionary informative landmarks (firstly
described by Jirakanjanakit 2007) were digitized (Fig. 1B)
and assembled into matrices.
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Morphometrics. Morphometrical analyzes were done in
general accordance to Rohlf (1990, 1996, 1999) and are sum-
marized as follows. Within each sex, two parameters were
compared between the two species: overall wing size and
wing shape. For wing sizes we used the isometric estimator
“centroid size”, defined by the square root of the sum of the
squared distances between the center of the configuration of
landmarks and each separate landmark (Bookstein 1991). For
wing shape, relative warps were computed and their princi-
pal components were plotted in graphs to describe the
morphological space for each sample comparison. Besides
that, Procrustes superimposition of shape data was applied
to compare wings of both species in deformation grids.

Reclassification. To test the accuracy of present morpho-
metric classif ication, each individual was reclassif ied
according to its wing similarity to the average shape of each
species. Mahalanobis distances were used to estimate metric
distance. To perform a validating procedure, distances were
computed on discriminant axes estimated without the speci-
men to be classified. In this “validated classification”, each
wing to be classified was then introduced as supplementary
data. Landmark digitizing, data analyzes and graphs were
done using softwares BAC and PAD (http://www.mpl.ird.fr/
morphometrics) and TPS software pack (http://life.bio.
sunysb.edu/morph/).

RESULTS

Size: Wing centroid sizes (Fig. 2) of Cx. quinquefasciatus
(males) ranged from 2.7 mm to 2.92 mm (mean = 2.81 mm)
and for females the range was 3.43–3.64 mm (mean = 3.54
mm). Centroid sizes of Cx. nigripalpus ranges were 2.54–

2.79 mm (mean = 2.66 mm) in males and 2.78–3.24 mm
(mean = 3.01 mm) in females. Parametric comparisons re-
vealed statistically significant interspecific distinction within
each sex (T-test, two-tailed, P < 0.0001).

Fig. 1. (A) Wing of Cx. quinquefasciatus showing the landmarks. (B) Graphi-
cal representation of the consensus formed by 18 landmarks. Points are
linked by lines to facilitate viewing of wing coverage.
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Shape: Shape analyzes performed separately for each sex
showed the individuals arranged in distinct groups in the
morphospace defined by principal components 1 and 2 (fe-
males Fig. 3; males Fig. 4). Each group corresponded to one
species, with a slight intersection between them.

Classification of females based on the Mahalanobis dis-
tances was 100% accurate for both species before validation.
After validation, 100% of the Cx. quinquefasciatus and 90%
of the Cx. nigripalpus were correctly reclassified. Among
males, for Cx. quinquefasciatus and Cx. nigripalpus respec-
tively, accuracy rates were 98% and 94% before validation,
and 90% and 85% after validation.

When both sexes were analyzed simultaneously in a
morphospace (Fig. 5), species overlapping was minimal (fe-
males) or about 40% (males). Consistently, Mahalanobis
distance between species was higher in females than in males
(respectively 4.08 and 3.29). Reclassification accuracy scores
after validation were: Cx. nigripalpus females = 67%; males
= 80%, Cx. quinquefasciatus females = 96%; males = 87%.

Mean wing configurations plotted in deformation grids
after Procrustes superimposition showed that in females (Fig.
6), distances between landmarks 18–7 and between 17–5 were
proportionally lower in Cx. nigripalpus than in Cx. quinque-
fasciatus, whereas distances between landmarks 2–17 were
higher in Cx. nigripalpus. Species also differed regarding
the ratio obtained by dividing the length of segment 13–14
by the length of segment 12–13 (Figs. 6, 7). Mean ratio val-
ues were 1.40 and 1.67 for Cx. nigripalpus and 2.15 and 2.48
for Cx. quinquefasciatus (males and females, respectively).

DISCUSSION

Present results indicate that wings are distinct in Cx.
quinquefasciatus and Cx. nigripalpus what lead us to believe
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Fig. 2. Boxplot graph illustrating the mean of centroid size of wings of
females and males of Cx. quinquefasciatus and Cx. nigripalpus and their
standard errors and deviations. Values in the Y axis are in millimeters.
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that wing characters may be of some help in diagnosing these
species. Besides being often sympatric, Cx. quinquefasciatus
and Cx. nigripalpus are morphologically quite similar and
are mainly recognized by coloration of some head scales,
presence or absence of thoracic and abdominal scales, char-
acters which are easily lost or damaged.

Regarding the wing shape, relative warps revealed a natu-
ral arrangement of the two species into two groups, which
was more conspicuous in females. The relative position of
landmarks 2, 5, 7, 13, 12, 14, 17, 18 were more informative.
Reclassification analyzes before and after validation showed
that our diagnostic method reached high levels of accuracy
(generally over 90%), mainly when applied to females. When
both sexes were analyzed together reclassification accuracy
was lower, but even though, recognition rates of Cx.
quinquefasciatus were 87% or higher. Our interpretation in-
dicates that from this point on a researcher who is not

familiarized with morphometrics could distinguish accurately
these two species upon observing, say, medial-cubital and
M

1
+M

2
 wing veins, where the taxonomically informative

landmarks 12–14 are placed.
Overall wing size, which was higher in Cx. quinquefascia-

tus, may also contribute to diagnose the two species, mainly
if combined with shape analysis. However, size may suffer
plasticity (Dujardin 2008) and should be used with caution.

Nonetheless, it is necessary to highlight that up to the
moment, the suitability of this diagnosis is limited to samples
containing only these two species. Moreover, this diagnosis
is intended to be a complimentary tool and does not substi-
tute traditional identification methods when specimens are
perfectly preserved.

Species of Culex are usually identified using traditional
taxonomical techniques based primarily on the use of mor-
phological dichotomous keys, a procedure that requires

Figs. 3–5. Graphical presentation of morphological space of Cx. nigripalpus and Cx. quinquefasciatus: 3, females; 4, males; 5, males and females.
Contribution of each principal component (PC1 and PC2) to the variation is indicated between brackets.

3 4 5

Figs. 6–7. Mean configuration of (6) female and (7) male wings of Cx. nigripalpus (N) and Cx. quinquefasciatus (Q) after Procrustes superimposition.
Grid deformations (dotted lines) describe deviation of each landmark from an intermediate configuration between species. Landmarks are numbered as in
Fig. 1 (only some numbers shown).
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specialized skill and a well-preserved set of specimens. For
these reasons, alternative paths to identification of Culex
species are frequently desired and addressed. Sanogo et al.
(2007) performed identification of Cx. nigripalpus and Cx.
quinquefasciatus (among other culicids) using Real Time
PCR. These two species were also characterized using isoen-
zyme analyses by Knight & Nayar (2004). Moreover,
successful attempts to diagnose Cx. nigripalpus and Cx.
salinarius larvae have also been undertaken (Darsie et al.
2006).

The use of geometric morphometrics to diagnose species
in medical entomology has been strongly encouraged
(Dujardin et al. 2003). Wing shape is recognizably useful to
such purpose, since they are determined by quantitative heri-
tage (Bitner-Mathé & Klaczko 1999; Jirakanjanakit et al.
2007, 2008; Dujardin 2008).

Arguably, our work represents a helpful step toward de-
velopment of a cheap and rapid diagnosis of species, which
is viable even when only wings are available. In such con-
text, another paper on identification of Culex species using
geometric morphometrics by our group was recently pub-
lished (Morais et al. 2010). Possibly the application of
geometric morphometrics for taxonomic purposes can be
extended to other species of Culicidae, as it has been true for
other insects (Dujardin 2008; Marsteller et al. 2009).

ACKNOWLEDGMENTS

To Jean-Pierre Dujardin for suggestions on morphomet-
ric analyses. To Centro de Controle de Zoonoses de São Paulo
for collecting samples at Pinheiros River banks. P.O.V. was
fellow of CNPq # 134717/2009–0 and M.C.P. was fellow of
FAPESP #06/05164–8. This work was supported by FAPESP
grant #06/02622–5.

REFERENCES

Bookstein, F. L. 1991. Morphometric tools for landmark data: Geometry
and Biology. New York, Cambridge University Press, 435 p.

Bitner-Mathé, B. C. & L. B. Klaczko. 1999. Heritability, phenotypic and
genetic correlations of size and shape of Drosophila mediopunctata
wings. Heredity 83: 688–696.

Darsie, R. F. Jr.; J. R. Almasi & J. F. Day. 2006. Studies of the genus Culex
Linnaeus in Florida. III. Redescription of the fourth-stage larva of Culex
salinarius Coquillett and comparison with that of Cx. nigripalpus
Theobald. Journal of the American Mosquito Control Association
22: 179–184.

Day, J. F. & G. A. Curtis. 1999. Blood feeding and oviposition by Culex
nigripalpus (Diptera: Culicidae) before, during, and after a widespread
St. Louis encephalitis virus epidemic in Florida. Journal of Medical
Entomology 36: 176–181.

Dujardin, J. P. 2008. Morphometrics applied to medical entomology.
Infection Genetics and Evolution 8: 875–890.

Dujardin, J. P.; F. Le Pont & M. Baylac. 2003. Geographical versus interspecific
differentiation of sand flies (Diptera: Psychodidae): a landmark data
analysis. Bulletin of Entomological Research 93: 87–90.

Forattini, O. P.; I. Kakitani; E. Massad. & D. Marucci. 1995. Studies on
mosquitoes (Diptera: Culicidae) and anthropic environment. 10- Survey
of adult behaviour of Culex nigripalpus and other species of Culex (Culex)
in south-eastern Brazil. Revista de Saúde Pública 29: 271–278.

Forattini, O. P.; I. Kakitani; G. R. Marques & M. de Brito. 1998. New
findings of Anopheles mosquitoes in artificial containers. Revista de
Saúde Pública 32: 598–599.

Forattini, O. P. 2002. Culicidologia Médica. São Paulo, Editora da Univer-
sidade de São Paulo, 860 p.

Jirakanjanakit, N.; S. Leemingsawat; S. Thongrungkiat; C. Apiwathnasorn;
S. Singhaniyom; C. Bellec & J. P. Dujardin. 2007. Influence of larval
density or food variation on the geometry of the wing of Aedes
(Stegomyia) aegypti. Tropical Medicine and International Health
12: 1354–1360.

Jirakanjanakit, N.; S. Leemingsawat & J. P. Dujardin. 2008. The geometry
of the wing of Aedes (Stegomyia) aegypti in isofemale lines through
successive generations. Infection Genetics and Evolution 8: 414–421.

Knight, J. W. & J. K. Nayar. 2004. Identification of four common Culex
(Culex) (Diptera: Culicidae) Species from Florida with isoenzyme
analysis. Florida Entomologist 87: 1–5.

Marsteller, S; D. C. Adams; M. L. Collyer & M. Condon. 2009. Six cryptic
species on a single species of host plant: morphometric evidence for
possible reproductive character displacement. Ecological Entomology
34: 66–73.

Mitchell, C. J.; F. A. Cabrera; S. A. Daggers & W. L. Jakob. 1979. Arthropod
collected in the Dominican Republic during an outbreak of Eastern
Equine Encephalitis. Mosquito News 39: 263–267.

Morais, S. A.; C. Moratore; L. Suesdek &; M. T. Marrelli. 2010. Genetic-
morphometric variation in Culex quinquefasciatus from Brazil and La
Plata, Argentina. Memórias do Instituto Oswaldo Cruz 105: 672–
676.

Natal, D. & H. M. Ueno. 2004. Vírus do Nilo Ocidental: Características da
Transmissão e Implicações Vetoras. Entomologia y Vectores 11: 417–
433.

Rohlf, F. J. 1990. Morphometrics. Annual Review of Ecology and
Systematics 21: 299–316.

Rohlf, F.J. 1996. Morphometric spaces, shape components and the effects
of linear transformations. p. 117–129 In: L. F. Marcus, M. Corti, A.
Loy, G. J. P. Naylor & D.E. Slice(Eds.). Advances in morphometrics.
New York, Plenum, 587 p.

Rohlf, F. J. 1999. Shape statistics: Procrustes superimpositions and tangent
spaces. Journal of Classification 16: 197–223.

Sanogo, Y. O.; C. H. Kim; R. Lampman & R. J. Novak. 2007. A real-time
TaqMan polymerase chain reaction for the identification of Culex vectors
of West Nile and Saint Louis encephalitis viruses in North America.
American Journal of Tropical Medicine and Hygiene 77: 58–66.

Received 1/9/2009; accepted 11/1/2011
Editor: Mauricio Osvaldo Moura


