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Abstract
The blowflies (Diptera: Calliphoridae) comprise a group of medical and forensic importance because
some species are responsible for myiasis and immature stages of several species feed on corpses and
show preference for certain stages of decomposition. In both cases, the correct taxonomic determination
is a crucial aspect for a medical or forensic investigation. The geometric morphometrics is a recent tool
that describes the shape variation, although this technique has been used in adult blowfly, it has not been
evaluated in immature. The goal of this study was to analyze the variations on cephalopharyngeal
morphometrics, to support the identification of forensic immature flies. For this we photographed a total
of 101 cephalopharyngeal skeletons from Chrysomya albiceps (n=34), C. megacephala (n=34) and
Lucilia cuprina (n=33). Landmark coordinate (x, y) configurations were registered and aligned by
Generalized Procrustes Analysis. Canonical Variates Analysis (CVA) were implemented with
proportions of re-classified groups and MANOVA. Statistical analysis of variance found significant
differences in centroid size (Kruskal-Wallis). The CVA showed significant separation, and a posteriori
re-classification was 100% correctly assigned. The main differences between the three species were
localized on: base of parastomal bar, apical tooth, clipeal arc, concavity of the pharyngeal sclerite, and
union between hypostomal sclerite and the mouth hook. These differences could be useful as additional
tools for larvae taxonomic identification; however, more studies are needed that include a more complete
species representation in Calliphoridae.
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1. Introduction
The blowflies (Diptera: Calliphoridae) comprise a group of public health importance, because
some species are responsible for myiasis [1-3]. On another hand, are relevant from the forensic
point of view, because the immature stages of several species feed on corpses and some show
preference for certain stages of decomposition [4]; also the larvae development and species
succession are used as tool in determining the postmortem interval [5-7]. In both cases, the
correct taxonomic determination is a crucial aspect for medical or forensic investigation.
Sukontason et al. [8] and others, stated that the immature identification can be accomplished
with taxonomic keys that rely on a variety of distinct morphological (internal and external)
features: overall body appearance, anterior and posterior spiracles, spine bands along the body,
the mouth parts, among others. The mouth parts, called cepahalopharyngeal skeleton, are
formed by several sclerites (labial, dental, hypostomal, pharyngeal, etc.); the shape of these
structures differs between species and stages [9-12].
The Geometric Morphometrics (GM) is a recent tool that describes the shape variation, by
separating it in shape configuration and size. This tool is powerful and popular because
information regarding the spatial relationship among landmarks on the organism is contained
within the data. This gives the ability to draw evocative diagrams of morphological
transformations or differences, offering an immediate visualization of shape and the spatial
localization of shape variation [13, 14]. Recently, the GM was used in adult blow flies,
demonstrating the importance of wing shape, to support the identification of forensic flies [15, 16].
However, studies have not been performed using GM in the immature stages, so in this article
we described the variation of cephalopharyngeal skeleton configuration and size in three blow
flies species.
2. Material and Methods
2.1. Specimens and data acquisition: Between January to March 2012, we collected adults of
three blow flies species in the surroundings of Hospital Adolfo Prince Lara (10° 28' 24.58'' N,
68° 01' 48.82'' W), Puerto Cabello Municipality, Venezuela: Chrysomya albiceps (Wiedemann
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1819), C. megacephala (Fabricius 1794) and Lucilia cuprina
(Wiedemann 1830). Each species (50 males and 50 females)
was remained in the insectary until they reproduced, and
females laying the eggs. Then, the larvae develops until the
third-instar, and 101 specimens (34 = C. albiceps; 34 = C.
megacephala; 33 = L. cuprina) were sacrificed to dissect the
cephalopharyngeal skeleton; for clearing and mounting we
follow Sukontason et al. [17] protocol. Were photographed,
selected and digitized, eight anatomical landmarks (LM1LM8), all according Bookstein [18] type I and II criteria: 1)
Clipeal arc, 2) dorsal cornu, 3) concavity of pharyngeal sclerite
(tentorial phragma), 4) ventral cornu, 5) union between
hypostomal sclerite and the mouth hook, 6) apical hook, 7)
dorsal apodeme of mouth hook, and 8) base of parastomal bar
(Figure 1).
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Fig 1: Cephalopharyngeal skeleton of A) Chrysomya albiceps, B) C.
megacephala and C) Lucilia cuprina, showing the landmarks (1-8)
disposition. The polygon enclosed by the points conform the
configurations analyzed. Scale bar equivalent to 1 mm

2.2. Morphometric analysis: From 101 matrix configurations
geometric coordinates of eight landmarks, we perform the
Generalized Procrustes Analysis, with Coord Gen program [19]
for Procrustes superimposition and then was extract a matrix
variables conformation (Partial warps = Pw) and centroid size
(CS). The Pw matrix was used for an Canonical Variates
Analysis (CVA) with CVA Gen [20] to determine whether predefined groups (species) can be statistically distinguished
based on multivariate data. The effectiveness of the CVA in
assigning specimens to groups is typically determined using a
cross validation procedure in which a small number of
specimens are omitted from the initial calculation of the CV
axes and used as a test set; the omitted specimens are then
treated as unknowns and assigned using the CV axes [14, 21].
Finally, we analyzed the CS differences by means of a non-

parametric ANOVA with Kruskall-Wallis test (P 0.05), using
Bonferroni correction, with PAST statistical program [22].
3. Results and Discussion
3.1. Centroid size: We found significant differences (KruskalWallis: χ2 = 69.21, p<0.001) in the cephalopharyngeal
skeleton isometric size, between the three species: C. albiceps
(2.590 mm ± 0.015), C. megacephala (2.457 mm ± 0.037), and
L. cuprina (2.091 mm ± 0.034).
3.2. Differences in cephalopharyngeal conformation: We
present the assignation test results, based on a priori group
definitions from morphological identification, and a posteriori
assignment based on Mahalanobis distances between each
specimen and the species mean. Axis 1 Λ = 0.0029, χ2 =
540.467, df 24, p<0.0001 and Axis 2 Λ = 0.2280, χ2 =
136.758, df 11, p<0.0001; the specimens were 100% correctly
reclassified in each group. The Figure 2, show the two axes
diagram form CVA, the three Calliphoridae showed high
separation; C. megacephala and L. cuprina are more similar
than C. albiceps. The thin-plate spline deformation grid show
the differentiation between species (Figure 3): C. albiceps can
be differentiate from C. megacephala in the displacement of
the base of parastomal bar (LM8) and the displacement of the
concavity of the pharyngeal sclerite (LM3); C. albiceps differ
from Lucilia cuprina in the displacement of the base of
parastomal bar, the displacement of apical tooth (LM6),
displacement of clipeal arc (LM1), displacement of the
concavity of the pharyngeal sclerite, and displacement of
union between hypostomal sclerite and the mouth hook
(LM5); L. cuprina and C. megacephala can be differentiate in
the displacement of clipeal arc, displacement of base of
parastomal bar, and the displacement of union between
hypostomal sclerite and the mouth hook.
Sukontason et al. [20] stated that the immature stage of the fly is
the stage most frequently collected from corpses and/or crime
scenes, and the correct identification of the species is an initial
and essential step for use as entomological evidence in a
forensic investigation. There are various approaches to identify
fly larvae, based on either morphology [9, 11, 24-25], immunology
[26]
, or molecular [27-29]. Each approach has advantages and
disadvantages, and the application should be based largely on
the available equipment or researcher expertise.
Recently, the Geometric Morphometric has proven to be an
important tool for description of the immature mouth parts in
several insects groups. Pizzo et al. [30] studied the epipharynx
shape in Scarabeidae sister species, and found that the
epipharynx conformation to be a better tool than genitalia for
discriminating close related species. Arambourou et al. [31],
describing the shape in chironomid mentum larvae from
exposed specimens to lead or Nonylphenol. Later, Laurito et
al. [32] exploring the dorsomentum configuration in four Culex
species, and concluding that the larval characters are high
informative for discriminating C. tatoi Casal and García 1971
from C. mollins Dyar and Knab 1906. Bai et al. [33] described
the mandible evolution and coprophagous habits in
Scarabeinae, mapping the configurations over the preferred
phylogenetic trees. However, in Calliphoridae immature the
morphometrics studies has been focused only to linear
measures (width or length) of the entire body for age
estimation and subsequently in Postmortem Interval
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determination [34, 35]; in other studies the traditional
morphometrics of posterior spiracle has been used for species
differentiation [23, 36, 37]. In our study we found differences in
the cepahalopharyngeal shape of three blowfly species that
could be useful as additional tools for taxonomic
identification; however, more studies are needed that include a
more species representation in Calliphoridae.
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Fig 2: Canonical Variants Analysis diagram of two canonical axes
from 101 Calliphoridae specimens
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Fig 3: Grid deformation showing differences, as vector
displacements, between the mean configuration of A) Chrysomya
albiceps and C. megacephala, B) C. albiceps and Lucilia cuprina, and
C) L. cuprina and C. megacephala
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