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ABSTRACT

Species of the genus Sarcophaga have significant medical, veterinary,
and forensic importance. They can act as mechanical carriers of enteropathogens
in humans, cause myiasis in cattle, and aid in determining human remains and
the Post-Mortem Interval (PMI) in forensic cases. Therefore, accurate
identification of flesh fly species is crucial. Despite their importance, adult
Sarcophaga species are difficult to identify correctly due to their similar
appearances, with species identification typically relying on the morphology of
male genitalia. In this study, we conducted wing morphometric analysis on 92
flesh fly specimens, comprising 12 species from Egypt. Each specimen’s right
wing was removed, photographed, mounted on a microscope slide, and digitized
using 19 landmarks. The study analyzed the wing shape variation among
different subgenera and species through canonical variate analysis, which
separated the subgenera into distinct groups with a high percentage of correct
classification. The analysis also showed some overlaps in wing shape among
species within each subgenus, and most comparisons resulted in a high
percentage of correct classification, except for S. jacobsoni and S. mennae. The
phylogenetic tree based on the wing morphology of species largely placed each
species into its respective subgenus. Our findings suggest that wing shape can
serve as a reliable tool for distinguishing between different subgenera and
species of flesh flies. This research provides valuable insights into improving
the identification process of these important insects.

INTRODUCTION

The genus Sarcophaga, comprising approximately 890 species organized into 169
subgenera globally, (Buenaventura et al., 2017; Ramos et al., 2022). In Egypt, this genus
represented 28 species belong 9 subgenera (EI-Ahmady et al., 2018). Of these, some species
have substantial medical and forensic importance. Adult flies serve as mechanical carriers
of enteropathogens, transmitting pathogens to humans (Graczyk et al., 2005 Getachew et al.,
2007). Additionally, certain species can cause myiasis in humans and cattle, depending on
their larval feeding habits (Ferraz et al., 2010; Chaiwong et al., 2014; Giangaspero et al.,
2017). Moreover, Sarcophaga species are significant in forensic investigations as they are
attracted to and feed on decaying human carcasses (Catts, 1992; Wells & La Motte, 2010).
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Their presence can be helpful in determining human remains in forensic cases. The Post-
Mortem Interval (PMI), such as S. (B.) africa (Wiedemann), S. (Liop.) argyrostoma
Robineau-Desvoidy, S. (Liop.) ruficornis (Fabricius), S. (Lios.) aegyptica Salem, S. (Lios.)
dux Thompson, S. (Lios.) tibialis Macquart, and S. (Par.) hirtipes Wiedemann (Sukontason
et al., 2007; Kavitha et al., 2013).

Identifying the correct species of flesh flies is crucial for forensic purposes and to
determine the minimum Post-Mortem Interval (PMI). Traditionally, the morphology of the
external male genitalia has been used to identify most fleshfly species (Kurahashi &
Chaiwong, 2013; Meiklejohn et al., 2013; Vairo et al., 2014). Additionally, molecular
characteristics have been employed for species identification (Giroux, 2007; Tan et al., 2010;
Guo et al., 2012; Jordaens et al., 2013). However, identifying male genitalia can be
challenging for non-taxonomists due to its complex structure. Furthermore, female
identification is also problematic, as there are few available identification keys (Richet et al.,
2011; Vairo et al., 2015). While DNA identification is a reliable method, it is often expensive
and requires advanced equipment (Sontigun et al., 2019). Emerging techniques, such as
geometric morphometric analysis based on landmarks on the wings, have become valuable
tools for distinguishing between different species (Sontigun et al., 2017) and studying
geographic variation within species (Hall et al., 2014; Carvajal et al., 2016).

Geometric morphometric analysis of wings has been widely used in the study of
various dipteran taxa, including flesh flies (Sarcophagidae) (Sontigun et al., 2019), fruit flies
(Drosophilidae) (Bubliy et al., 2008; Perre et al., 2014), mosquitoes (Culicidae) (Jaramillo-
O et al., 2015; Wilke et al., 2016), black flies (Simuliidae) (Pepinelli et al., 2013), midges
(Ceratopogonidae) (Mufioz-Mufioz et al., 2014), blow flies (Calliphoridae) (Lyra et al.,
2010; Sontigun et al., 2017), muscids (Muscidae) (Grzywacz et al., 2017), and tabanids
(Tabanidae) (Céardenas et al., 2013).

The present study represents the first attempt at using wing morphometric analysis
for species identification of medically and forensically important flesh flies in Egypt.

MATERIALS AND METHODS

Specimen Collection:

A total of 92 flesh fly specimens were collected from different localities across
Egypt, representing most of the ecological zones in the country, between January 2022 and
June 2023. Decayed meat bait traps and aerial nets were used to collect the flesh flies. The
collected samples were killed in the field using ethyl acetate and immediately pinned. The
identification of samples was carried out using a stereo microscope (NOVEL), based on the
taxonomic key of EI-Ahmady et al. (2018) (Table 1).

Slide Preparation:

The wings of the fly specimens were carefully removed using fine forceps, targeting
the basicostae region. To prepare the wings for analysis, they were placed in xylene, which
helped in mounting them and prevented the formation of bubbles. The wings were then
carefully mounted on microscope slides using DPX Mountant, covered with coverslips, and
allowed to dry at room temperature for a week.

Photographic images were captured for each wing using a Canon EOS 6D camera.
The TpsUtil V. 1.81 software (Rohlf, 2013) was used to construct TPS files from the images,
which helped to minimize potential bias during the digitization of landmark locations (Fig.
1). The TpsDig2 V.2.31 software (Rohlf, 2015) was utilized to digitize 19 landmarks on each
wing. To ensure accuracy, each wing was digitized twice to minimize measurement errors,
as recommended by Sontigun et al. (2017).
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Table 1: list of the Sarcophaga specimens studied.
Subgenus Scientific name Collection site Specimens
number
Abo Swuier, Aga, Awlad Sagr, Bilbeis, El-
Bercaea S. africa (Wiedemann, Qantara, El-Salam, Kafr Saqr, Nasr City, 24
1824) Sharm EI-Sheikh, Wadi EI-Natroun, Kom
Oshem
SR.O?)E%Z;(L)JS-tDO?S?IOi q Al-Salam, Aga, El-Qantra, Kafr Sagr, 12
- - 4 Marsa Matruh, Nasr City, Sharm EI-Sheikh.
Liopygia 1830
S. ruficornis Fabricius, .
1794 Abbasia 3
Abo Suweir, Al-Salam, Kafr Sagr, Kom
S. aegyptica Salem, 1935 | Oshem, Nasr City, Sharm EI-Sheikh, Wadi | 20
El-Natroun
Al-Salam, Bilbeis, Kafr Saqr, Marsa
S. dux Thomson, 1869 Matruh, Nasr City, 17
ié§$obsoanohdendoﬁ, Kom Oshem, Wadi EI-Natroun 6
Liosarcophaga %T;nnae Al-Ahmady, Kom Oshem, 2
iég?rkerlRohdendorf, Awlad Sagr, Al-Salam, Wadi El-Natroun 3
S. redux Walker, 1849 Sharm EI-Sheikh 2
S. rohdendorfi Salem, .
1936 Geneifa 2
S. tibialis Macquart, 1851 | Marsa Matruh 2
S hirtioes Wiedemann Abo Suweir, Al-Salam, Bilbeis, Kafr Saqr,
Parasarcophaga | .. P ' Marsa Matruh, Nasr City, Sharm EI-Sheikh, | 14
1830 .
Wadi El-Natroun

0.25Cm

Fig. 1: The right wing of S. aegyptiaca.

Geometric Morphometric Analysis:

The raw landmark coordinates of all specimens were aligned and superimposed
using the Procrustes Fit function to eliminate variation caused by differences in scale,
position, and orientation (Bookstein, 1991). Further statistical analyses were conducted
using the centroid size (the square root of the sum of the squared distances between the centre
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of the configuration of landmarks and each landmark) and Procrustes coordinates derived
from the landmark data.

Following a generalized Procrustes analysis in MorphoJ, the Procrustes coordinates
of each specimen were averaged to determine potential measurement error. Additionally, the
centroid size was averaged for each specimen.

Allometry:

To account for the potential influence of wing size on wing shape variation, we
assessed the allometric effects by analyzing the regression of Procrustes coordinates (the
dependent variable) against centroid size (the independent variable) across the different
subgenera and species. This was done using a permutation test with 10,000 rounds, which
was conducted using the MorphoJ software version 1.06 (Gidaszewski et al., 2009; Sontigun
et al., 2019; Klingenberg, 2011).

Shape Variation:

The wing shape variation between the subgenera and species was evaluated using
canonical variate analysis (CVA). This analysis was based on Mahalanobis distances, and
the statistical significance of the differences was assessed through a permutation test with
10,000 rounds, conducted using the MorphoJ software. Additionally, to determine the
reliability of the classification based on Mahalanobis distances, a cross-validation test in
discriminant function analysis (DFA) was performed. The significance of the classification
results was also tested using a permutation test with 10,000 rounds.

Phylogenetic Relationships of Wing Shape Among Species:

The relationships between the 12 flesh fly species were analyzed using their wing
morphometric data. The UPGMA (unweighted pair-group method with arithmetic averages)
was the method employed for this analysis, which was carried out using the PAST software
version 4.03 (Hammer et al., 2001). The UPGMA dendrogram was constructed using the
Mahalanobis distances calculated through pairwise comparisons of the species, as derived
from the canonical variate analysis (CVA).

RESULTS

1-Allometry Analysis:

Based on the statistical analysis, the Procrustes coordinates regressed on centroid
size showed a significant difference among subgenera and species. Allometry accounted for
11.64% of total shape variation for subgenera and 6.72% for species (permutation test with
10,000 rounds in MorphoJ: P < 0.05), except for S. (Lios.) dux, S. (Lios.) jacobsoni, S. (Lios.)
mennae and S. (Lios.) redux (Table 2).

Table 2: Percentage of prediction indicating the amount of size-related shape variation of
wings in each flesh fly species of each species.

Species Predicted within species % P-value
S.(Lios.) aegyptiaca 17.03 0.0154
S. (B.) africa 12.12 0.0325
S. (Liop.) argyrostoma 25.00 0.0129
S. (Lios.) dux 61.78 0.0750
S. (Par.) hirtipes 27.34 0.0021
S. (Lios.) jacobsoni 44.36 0.0803
S. (Lios.) mennae 22.71 0.0920
S. (Lios.) parkeri 65.21 0.0311
S. (Lios.) redux 28.45 0.1370
S. (Lios.) rohdendorfi 21.86 0.0315
S. (Liop.) ruficornis 71.68 0.0485
S. (Lios.) tibialis 33.64 0.0413
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2-Shap Variation:

The analysis of wing shape, after accounting for size effects, revealed significant
differences among the examined subgenera and species. The canonical variate analysis
(CVA) at the subgeneric level identified three main axes of shape variation, with the first
two canonical variates (CV1 and CV2) explaining 87.4% of the total variation. The scatter
plot visualisation (Fig. 2) clearly demonstrates that the specimens group into distinct clusters
corresponding to the different subgenera, indicating substantial shape divergence between
them.

Further quantitative analysis using Mahalanobis distances confirmed that the shape
differences between the subgenera were highly statistically significant (P < 0.0001). The
greatest distance was observed between Parasarcophaga and Bercaea (13.0339), while the
smallest distance was between Liosarcophaga and Bercaea (7.1729) (Table 3). Importantly,
the cross-validation test showed very high correct classification rates, ranging from 96.4%
to 100.0% (Table 4). This indicates that the wing shape features captured by the geometric
morphometric approach are highly effective for distinguishing and identifying the different
subgenera based on their unique morphologies.

Table 3: The Mahalanobis distances between subgenera obtained from CVA using a
permutation test with 10,000 rounds in MorphoJ.

Groups Bercaea Liopygia Liosarcophaga
Liopygia 8.4384
Liosarcophaga 7.1729 7.6179
Parasarcophaga 13.0339 9.5776 8.9557

Table 4: Percentage of correct classification obtained from pairwise comparison of analyzed
subgenera with cross-validation test using a permutation test with 10,000 rounds in

MorphoJ.
Group 2
Bercaea Liopygia | Liosarcophaga | Parasarcophaga
Bercaea 100 100 100
Group 1 | Liopygia 100 100 100
Liosarcophaga 100 96.4 100
Parasarcophaga 100 100 100
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Fig. 2: A scatter plot that displays the variation in wing shape among six subgenera of
Sarcophaga based on the first two canonical variates (CV1 and CV2).
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The canonical variate analysis (CVA) conducted at the species level identified 11
primary axes of shape variation. The first two canonical variates (CV1 and CV2) accounted
for 61.6% of the total shape variation, with CV1 explaining 42.8% and CV2 explaining
18.8%. The scatter plot visualization using CV1 and CV2 (Fig. 3) revealed some interesting
patterns among the species. Most of the Liosarcophaga species were found to overlap in
morphospace, except for S. rondendorfi, which appeared distinct. Similarly, within the genus
Liopygia, S. argyrostoma and S. ruficornis were observed to overlap. In contrast, S. hirtipes
(Parasarcophaga) and S. africa (Bercaea) were clearly separated in the morphospace. The
quantitative analysis of Mahalanobis distances between all pairwise species comparisons
confirmed that the shape differences were highly statistically significant (P < 0.0001). The
distances ranged from 5.0831 (between S. jacobsoni and S. mennae) to 21.6657 (between S.
parkeri and S. rohdendorfi) (Table 5). Accordingly, the cross-validation testing showed that
the majority of species could be correctly classified based on their wing shape features, with
classification accuracies ranging from 41.7% to 100.0% (Table 6). This suggests the
geometric morphometric approach provides a robust tool for discriminating and identifying
these sarcophagid fly species based on their unique wing shape characteristics.

107

Canonical variate 2 (18.8%)

Canonical variate 1 (42.8%)
Fig. 3: A scatter plot showing that displays the variation in wing shape among 12 species
of Sarcophaga based on the first two canonical variates (CV1 and CV2).

Table 5 :The Mahalanobis distances between species obtained from CVA using permutation
test with 10,000 rounds in MorphoJ.

. rohdendorfi 1741 | 20.34 | 19.29 | 16.16 | 15.11 | 18.27 | 18.90 | 21.66 | 20.90

. ruficornis 13.06 | 11.58 | 10.09 | 14.39 | 1536 | 11.15 | 11.61 | 17.29 | 16.74 | 21.35

. tibialis 10.87 | 14.88 | 13.77 | 9.39 | 12.23 | 13.60 | 13.47 | 9.84 | 13.68 | 17.87 | 18.77

1 2 3 4 5 6 7 8 9 10 11 12
S. aegyptiaca
S. africa 7.84
S. argyrostoma | 8.46 | 9.07
S. dux 6.29 | 11.03 | 10.74
S. hirtipes 10.63 | 14.93 | 11.38 | 11.37
6. S. jacobsoni 764 [9.01 [892 |9.72 | 1158
S. mennae 852 1924 |997 |10.44 1285 |5.08
S. parkeri 8.18 | 1137|1259 |9.39 |13.22|10.68 | 10.95
S. redux 9.58 |11.65]11.73|12.16 | 15.08 | 13.31 | 12.86 | 11.24
S
S
S
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Table 6:Percentage of correct classification obtained from pairwise comparison of analyzed
species with cross-validation test using a permutation test with 10,000 rounds in

MorphoJ.
Group 2
1 2 3 4 5 6 7 8 9 10 11 12

L . S. 100 | 100 | 100 | 100 {91.7 | 100 83. 100 { 100 | 75 | 100

aegyptiaca 4

2. S. africa 100 100 | 100 | 100 [91.7 | 100 | 100 | 100 | 100 | 100 | 100

3. S. 100 | 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

argyrostoma

4, S. dux 100 | 100 | 100 100 {91.7 | 100 | 100 | 100 | 100 | 100 | 100

El'irtipes S. 100 | 100 | 100 | 100 91.7 | 100 | 100 | 100 | 100 | 100 | 100
Gprciu 6. S. jacobsoni 97.5 | 100 | 100 | 100 | 100 48.6 | 100 | 100 | 100 | 100 | 100

7. S 100 | 100 | 100 | 100 | 100 | 45 100 | 100 | 100 | 100 | 100

mennae

8. . S. 100 | 100 | 100 | 100 | 100 |91.7 | 100 75 | 100 | 100 | 100

parkeri

9. S. redux 100 | 100 | 100 | 100 | 100 |91.7 | 100 | 100 100 | 100 | 100

10. S. . 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 | 100

rohdendorfi

I 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100

ruficornis

12. S. tibialis | 100 | 100 | 100 | 100 | 100 |91.7 | 100 | 100 | 100 | 100 | 100

3-Phenetic Relationships Of Wing Shape Among Sarcophaga species:

The UPGMA dendrogram analysis divided the 12 flesh fly species into two distinct
groups (Fig. 4). The first group contained the monotypic subgenus Bercaea, represented by
the single species S. africa, as well as the subgenus Liopygia, represented by the two species
S. argyrostoma and S. ruficornis. This group also included two species from the
Liosarcophagasubgenus, namely S. jacobsoni and S. mennae. The second group consisted
primarily of species from the Liosarcophaga subgenus, including S. aegyptiaca, S. dux, S.
parkeri, S. redux, S. ruficornis, and S. tibialis. Additionally, this group contained a single
representative of the Parasarcophaga subgenus, S. hirtipes. The phylogenetic tree analysis
revealed that the Liosarcophaga subgenus is a polytypic and paraphyletic group, as its
members are distributed across the two main clades. In addition, S. jacobsoni and S. mennae
(Liosarcophaga) formed a monophyletic relationship, as S. aegyptiaca and S. parkeri, and
S. dux and S. redux. The Bercaea subgenus, represented solely by S. africa, was found to be
a monotypic group and a sister clade to the Liosarcophaga and Liopygia subgenera.
Similarly, the Parasarcophaga subgenus, with only S. hirtipes, was also monotypic and
formed a monophyletic sister group to Liosarcophaga. Finally, the Liopygia subgenus,
containing the two species S. argyrostoma and S. ruficornis, was identified as a polytypic
group supported by a sister species and monophyletic relationship.
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Fig. 4: UPGMA dendrogram showing phenetic relationships of wing morphology among
Sarcophaga species constructed based on the Mahalanobis distances between species.

DISCUSSION

Geometric morphometric analysis of the wing has been successfully used for
species identification across various dipteran taxa. This method has been applied to study
flesh flies (Sarcophagidae) (Sontigun et al., 2019), fruit flies (Drosophilidae) (Perre et al.,
2014), mosquitoes (Culicidae) (Wilke et al., 2016), black flies (Simuliidae) (Pepinelli et al.,
2013), midges (Ceratopogonidae) (Mufioz-Mufioz et al., 2014), blow flies (Calliphoridae)
(Lyra et al., 2010; Sontigun et al., 2017), muscids (Muscidae) (Grzywacz et al., 2017), and
tabanids (Tabanidae) (Cardenas et al., 2013). These studies demonstrate the effectiveness of
wing morphometrics as a reliable technique for species identification across a wide range of
dipteran families.

Estimation of allometric effects is crucial in morphological studies, as it can
influence taxonomic analyses of morphometric variation (Gidaszewski et al., 2009; Sontigun
et al., 2017, 2019). In the present study, allometric analysis indicated that variation in wing
shape among species is partly explained by differences in wing size. To study shape variation
without the size effect, size correction was performed using residuals from the regression of
shape on size, which accounted for approximately 6.72% of total shape variation among
species (Sidlauskas et al., 2011; Lorenz et al., 2012; Sontigun et al., 2017, 2019).

The cross-validation analysis of wing morphometric variation at the subgenera level
showed a high percentage of correct classification, ranging from 96.4% to 100%. This is
evident in the CVA scattered plot (Fig. 2), which separated the subgenera into distinct
groups, accounting for 87.4% of the total variation. These results are similar to those reported
by Sontigun et al. (2019).

Although there were some overlaps in wing shape among species within each subgenus
in the morphospace of canonical variables, the majority of comparisons resulted in a high
percentage of correct classification (45-100%), except for the pair S. jacobsoni and S.
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mennae; whereas the two species are similar in the external morphological characters and
the genitalia characters; S. mennae is characterized by Vesica truncate, dentated apically;
harpes with a long spine-like process, about half style length (EI-Ahmady et. al., 2018). The
CVA scattered plot (Fig. 4) shows partial overlap between some species of the subgenus
Liosarcophaga, with S. rohdendorfi being distinctly separated.

The phylogenetic tree based on the wing morphology of the 12 flesh fly species largely
placed each species into its respective subgenus. The phylogenetic relationships between
subgenera and species detected here are in accordance with their morphological phylogenetic
tree (EI-Ahmady et al., 2024).

The subgenus Liosarcophaga is a polytypic group and has a sister relationship with all
other groups. The subgenus Parasarcophaga is a monotypic group and has a sister
relationship with the subgenus Liosarcophaga, where S. (Par.) hirtipes and S. (Lios.)
rohdendorfi are very close in the majority of the analyzed phylogenetic trees. Additionally,
the subgenera Liopygia (polytypic) and Brecaea (monotypic) have a sister relationship with
the subgenus Liosarcophaga, where S. (B.) africa, S. (Liop.) argyrostoma, S. (Liop.)
ruficornis, S. (Lios.) jacobsoni, and S. (Lios.) mennae are very close in all the analyzed
phylogenetic trees.

Our results suggest that wing morphology may reveal phylogenetic signals among
Sarcophaga genus species. Landmark-based geometric morphometric analysis of wings can
be a valuable tool in taxonomy and systematics, as it is simple, reliable, cost-effective, and
only requires undamaged wings for analysis (Sontigun et al., 2019). Compared to molecular
methods, landmark-based wing analysis is much easier, faster, and cheaper. Additionally,
the complex structure of male genitalia makes it challenging for non-taxonomists to identify
using traditional taxonomic keys (Vairo et al., 2015; EI-Ahmady et al., 2018).

In conclusion, the present study demonstrates that analyzing wings using geometric
morphometrics based on landmarks is a dependable method for classifying flesh flies at both
subgenera and species levels, even for non-taxonomists.

Declarations:

Ethical Approval: Ethical Approval is not applicable.

Authors Contributions: Prof. Dr. Ahmed M. Galhom and Porf. Dr. Metwaly M. Montaser
designed the experiments, reviewed drafts of the article, and approved the final draft.
Dr.Ahmed Badry and Mr. Ahmed EIl-Ahmady conceived and designed the experiments,
performed the experiments, analyzed the data, prepared figures and/or tables, authored and
reviewed drafts of the article, and approved the final draft.Dr. Medhat | Abu-Soud collected
and identified the collecting specimens, reviewed drafts of the article, and approved the final
draft.

Competing Interests: The authors declare that they have no competing interests.
Availability of Data and Materials: The data supporting this study findings are available
from all authors upon reasonable request.

Source of Funding: The current research was not funded.

Acknowledgements: We are grateful to Dr. Jens Amendt, Institute of Legal Medicine,
Goethe University, Frankfurt, Germany, for providing critical assistance to this study.

REFERENCES

Bookstein, F. L. (1991). Morphometric tools for landmark data: geometry and biology. New
York: Cambridge University Press.

Bubliy, O. A.; Tcheslavskaia, K. S.; Kulikov, A. M.; Lazebny, O. E. and Mitrofanov, V. G.
(2008). Variation of wing shape in the Drosophila virilis species group (Diptera:
Drosophilidae). Journal of Zoological Systematics and Evolutionary Research, 46:



78 Ahmed EI-Ahmadyet al.

38 —47.

Buenaventura, E.; Whitmore, D. and Pape, T. (2017). Molecular phylogeny of the
hyperdiverse genus Sarcophaga (Diptera: Sarcophagidae), and comparison
between algorithms for identification of rogue taxa. Cladistics, 33 (2): 109-133.

Cardenas, R. E.; Hernandez-L, N.; Barragan, A. R. and Dangles, O. (2013). Differences in
morphometry and activity among tabanid fly assemblages in an Andean Tropical
Montane Cloud Forest: indication of altitudinal migration? Biotropica, 45: 63 — 72.

Carvajal, T. M.; Hernandez, L. F.; Ho, H. T.; Cuenca, M. G.; Orantia, B. M.; Estrada, C. R;
Viacrusis, K. M.; Amalin, D. M. and Watanabe, K. (2016). Spatial analysis of wing
geometry in dengue vector mosquito, Aedes aegypti (L.) (Diptera: Culicidae),
populations in Metropolitan Manila, Philippines. Journal of Vector Borne Diseases,
53: 127 — 35.

Catts, E. P. (1992). Problems in estimating the postmortem interval in death investigations.
Journal of Agriculture Entomology, 9 (4): 245 — 255.

Chaiwong, T.; Tem-Eiam, N.; Limpavithayakul, M.; Boongunha, N.; Poolphol, W. and
Sukontason, K. L. (2014). Aural myiasis caused by Parasarcophaga
(Liosarcophaga) dux (Thomson) in Thailand. Tropical Biomedicine, 31: 496 — 498.

El-Ahmady, A.; Abul-Sood, M. I.; Montaser, M. M.; Galhom, A. M. and Badry A. (2024).
Morphology and Phylogenetic Variation in Some Flesh Flies of the Genus
Sarcophaga (Diptera: Sarcophagidae) from Egypt. Egyptian Journal of Veterinary
Sciences, 55 (5): 1295 — 1306.

El-Ahmady, A.; Taha, M.; Soliman, A. M. and El-Hawagry, M. (2018). A new species and
new records of the genus Sarcophaga from Egypt, with a key to the known Egyptian
species (Diptera: Sarcophagidae). African Entomology, 26(2): 507 — 521.

Ferraz, A. C. P.; Proenga, B.; Gadelha, B. Q.; Faria, L. M.; Barbalho, M. G. M.; Aguiar-
Coelho, V. M. and Lessa, C. S. S. (2010). First record of human myiasis caused by
association of the species Chrysomya megacephala (Diptera: Calliplioridae),
Sarcophaga (Liopygia) ruficornis (Diptera: Sarcophagidae), and Musca domestica
(Diptera: Muscidae). Journal of Medical Entomology, 47: 487 — 490.

Getachew, S.; Gebre-Michael, T.; Erko, B.; Balkew, M. and Medhin, G. (2007). Non-biting
cyclorrhaphan flies (Diptera) as carriers of intestinal human parasites in slum areas
of Addis Ababa. Ethiopia. Acta Tropica, 103: 186 — 194.

Giangaspero, A.; Marangi, M.; Balotta, A.; Venturelli, C.; Szpila, K. and Di Palma, A.
(2017). Wound myiasis caused by Sarcophaga (Liopygia) argyrostoma (Robineau-
Desvoidy) (Diptera: Sarcophagidae): additional evidences of the morphological
identification dilemma and molecular investigation. The Scientific World Journal,
2017, 9064531.

Gidaszewski, N. A.; Baylac, M. and Klingenberg, C. P. (2009). Evolution of sexual
dimorphism of wing shape in the Drosophila melanogaster subgroup. BMC
Evolutionary Biology, 9, 110.

Giroux, M. (2007). Morphology and phylogeny of Sarcophaginae and the systematics of
Neobellieria (Diptera: Sarcophagidae): A thesis submitted to the Faculty of
Graduate and Postdoctoral Studies Office in partial fulfillment of the requirements
of the degree of Doctor of Philosophy, McGill University.

Graczyk, T. K.; Knight, R. and Tamang, L. (2005). Mechanical transmission of human proto-
zoan parasites by insects. Clinical Microbiology Reviews, 18: 128 — 132.

Grzywacz, A.; Ogiela, J. and Tofilski, A. (2017). Identification of Muscidae (Diptera) of
medico-legal importance by means of wing measurements. Parasitology Research,
116: 1495 — 1504.

Guo, Y. D.; Cai, J. F.; Xiong, F.; Wang, H. J.; Wen, J. F.; Li, J. B. and Chen, Y. Q. (2012).



Wing Morphometric Analysis of Some Species of The Genus Sarcophaga 79

The utility of mitochondrial DNA fragments for genetic identification of
forensically important sarcophagid flies (Diptera: Sarcophagidae) in China.
Tropical Biomedicine, 29: 51 — 60.

Hall, M. J. R.; MacLeod, N. and Wardhana, A. H. (2014). Use of wing morphometrics to
identify populations of the Old World screwworm fly, Chrysomya bezziana
(Diptera: Calliphoridae): a preliminary study of the utility of museum specimens.
Acta Tropica, 138: 49-55.

Hammer, @.; Harper, D. A. T. and Ryan, P. D. (2001). PAST: Paleontological statistics
software package for education and data analysis. Palaeontol Electron, 4: 1 — 9.

Jaramillo-O, N.; Dujardin, J. P.; Calle-Londofio, D. and Fonseca-Gonzélez, 1. (2015).
Geometric  morphometrics for the taxonomy of 11 species of
Anopheles(Nyssorhynchus) mosquitoes. Medical and Veterinary Entomology, 29:
26 — 36.

Jordaens, K.; Sonet, G.; Richet, R.; Dupont, E.; Braet, Y. and Desmyter, S. (2013).
Identification of forensically important Sarcophaga species (Diptera:
Sarcophagidae) using the mitochondrial COI gene. International Journal of Legal
Medicine, 127: 491 — 504.

Kavitha, R.; Nazni, W. A.; Tan, T. C.; Lee, H. L. and Azirun, M. S. (2013). Review of
forensically important entomological specimens collected from human cadavers in
Malaysia. Journal of Forensic and Legal Medicine, 20: 480 — 482.

Klingenberg, C. P. (2011). MorphoJ: an integrated software package for geometric
morphometrics. Molecular Ecology Resources, 11: 353 — 357.

Kurahashi, H. and Chaiwong, T. (2013). Keys to the flesh flies of Thailand, with description
of a new species of Robineauella Enderlein (Diptera: Sarcophagidae). Medical
Entomology and Zoology, 64: 83 — 101.

Lorenz, C.; Marques, T. C.; Sallum, M. A. M. and Suesdek, L. (2012). Morphometrical
diagnosis of the malaria vectors Anopheles cruzii, An. homunculus and An. bellator.
Parasit. Vectors, 5: 257.

Lyra, M. L.; Hatadani, L. M.; de Azeredo-Espin, A. M. and Klaczko, L. B. (2010). Wing
morphometry as a tool for correct identification of primary and secondary New
World screwworm fly. Bulletin of Entomological Research, 100: 19 — 26.

Meiklejohn, K. A.; Wallman, J. F.; Pape, T.; Cameron, S. L. and Dowton, M. (2013). Utility
of COI, CAD and morphological data for resolving relationships within the genus
Sarcophaga (sensu lato) (Diptera: Sarcophagidae): a preliminary study. Molecular
Phylogenetics and Evolution, 69: 133 — 141.

Mufoz-Mufioz, F.; Talavera, S.; Carpenter, S.; Nielsen, S. A.; Werner, D. and Pageés, N.
(2014). Phenotypic differentiation and phylogenetic signal of wing shape in western
European biting midges, Culicoides spp., of the subgenus Avaritia. Medical and
Veterinary Entomology, 28: 319-329.

Pepinelli, M.; Spironello, M. and Currie, D. C. (2013). Geometric morphometrics as a tool
for interpreting evolutionary transitions in the black fly wing (Diptera: Simuliidae).
Zoological Journal of the Linnean Society, 169: 377 — 388.

Perre, P.; Jorge, L. R.; Lewinsohn, T. M. and Zucchi, R. A. (2014). Morphometric
differentiation of fruit fly pest species of the Anastrepha fraterculus Group
(Diptera: Tephritidae). Annals of the Entomological Society of America, 107: 490 —
495.

Ramos, R. L.; Trindade-Santos, M. E.; Pamponet, F. M.; Lopes, D.S.; de Mello-Patiu, C. A.
and de Oliveira F. F. (2022). New records of Sarcophaga Meigen (Diptera:
Sarcophagidae: Sarcophaginae) for the Northeast region of Brazil. Scientia Plena,
18(9): 098001.



80 Ahmed EI-Ahmadyet al.

Richet, R.; Blackith, R. M. and Pape, T. (2011). Sarcophaga of France (Diptera:
Sarcophagidae). Pensoft Series Faunistica, Sofia, Bulgaria.

Ronhlf, F. J. (2015). TpsDig2, digitize landmarks and outlines [software version 2.20]. State
University of New York.

Rohlf, F. J. (2013). TpsUtil, file utility program [software version 1.64]. State University of
New York.

Sidlauskas, B. L.; Mol, J. H. and Vari, R. P. (2011). Dealing with allometry in linear and
geometric morphometrics: a taxonomic case study in the Leporinus cylindriformis
group (Characiformes: Anostomidae) with description of a new species from
Suriname. Zoological Journal of the Linnean Society, 162: 103-130.

Sontigun, N.; Samerjaia, C.; Sukontasona, K.; Wannasana, A.; Amendtb, J.; Tomberlinc, J.
K. and Sukontasona, K. L. (2019). Wing morphometric analysis of forensically
important flesh flies (Diptera: Sarcophagidae) in Thailand. Acta Tropica, 190: 312—
319.

Sontigun, N.; Sukontason, K. L.; Zajac, B. K.; Zehner, R.; Sukontason, K.; Wannasan, A.
and Amendt, J. (2017). Wing morphometrics as a tool in species identification of
forensically important blow flies of Thailand. Parasites & Vectors, 10: 229: 1 - 14.

Sukontason, K.; Narongchai, P.; Kanchai, C.; Vichairat, K.; Sribanditmongkol, P.; Bhoopat,
T.; Kurahashi, H.; Chockjamsai, M.; Piangjai, S.; Bunchu, N.; Vongvivach, S.;
Samai, W.; Chaiwong, T.; Methanitikorn, R.; Ngern-Klun, R.; Sripakdee, D.;
Boonsriwong, W.; Siriwattanarungsee, S.; Srimuangwong, C.; Hanterdsith, B.;
Chaiwan, K.; Srisuwan, C.; Upakut, S.; Moopayak, K.; Vogtsberger, R. C.; Olson,
J. K. and Sukontason, K. L. (2007). Forensic entomology cases in Thailand: a
review of cases from 2000 to 2006. Parasitology Research, 101: 1417 — 1423.

Tan, S. H.; Rizman-Idid, M.; Mohd-Aris, E.; Kurahashi, H. and Mohamed, Z. (2010). DNA-
based characterisation and classification of forensically important flesh flies
(Diptera: Sarcophagidae) in Malaysia. Forensic Science International, 199: 43 —
49,

Vairo, K. P.; Moura, M. O. and de Mello-Patiu, C. A. (2015). Comparative morphology and
identification key for females of nine Sarcophagidae species (Diptera) with forensic
importance in Southern Brazil. Revista Brasileira de Entomologia, 59: 177 — 187.

Vairo, K. P.; Ururahy-Rodrigues, A.; Moura, M. O. and de Mello-Patiu, C. A. (2014).
Sarcophagidae (Diptera) with forensic potential in Amazonas: a pictorial key.
Tropical Zoology, 27: 140 — 152.

Wells, J. D. and LaMotte, L. R. (2010). Estimating the postmortem interval (CRC Press:
Boca Raton, FI, USA).

Wilke, A. B.; Christe Rde, O.; Multini, L. C.; Vidal, P. O.; Wilk-da-Silva, R.; de Carvalho,
G. C. and Marrelli, M. T. (2016). Morphometric wing characters as a tool for
mosquito identification. PLoS One, 11 e0161643.



Wing Morphometric Analysis of Some Species of The Genus Sarcophaga 81

ARABIC SUMMARY

a8 (sl oS b tAaia) Apill) Lald oS b gads £ 5 Gl Aaiadl (5 jiagd s gall Julaly

64 daal ce‘gg_\%u.iham.\«ui ‘ﬂhwaﬁcdﬂ\ﬁ\ﬁh\ﬁ\&ausgm\}\mi
rae -5l - Y Radla — iy o lall K @) el g ol gaall ale ald

LS laS Jand o (S 3508 e b b g 4y ylan s Fda Faaly Ll o€ Ll i o1 53 gl
d.atsl\}m)ud\uu}\mmuamm}‘mu\@mﬂ\uayuw}cM\ddm,uS\ua\f‘i\qw
e L) AL el aslll QL3 ¢ 153 G8al i) ey (@l o al Cuball VS 3 (PMI) 3 sl asy i 3
A.m;.nd,usuc_u;cML»AA\LAJ@.LmM@Md&A&]U\a_nyu\&\y\ujct_o‘y_\j\;u.‘mc\.@_\m\wec)ﬂ
b dagusall (5 Al Jil g5 3k sl 555l e G124y KA ALl elac Y1 UK e Bale ) Y
Al L g ) st Blee Jig
)mwbylzemae;ﬂ\ubsw@c92&;Cbﬂbﬂﬁ)ﬁﬂmuﬁ\‘m\)ﬂ\mh@
M\Jﬁ\a_mla Lda.alge\MhMchM)wmwésmjco}MJcmdﬁu«u‘ﬂ\chﬂ\db\u‘u
Jua¥) Jead (2l ¢ gilal) o) Jalad A o Adlidal) ) 53915 e Sl Jua) G pliad) IS8 Gl dilasy
cladl OS5 8 Jalaill Gasy Wagl Jalail) elal moaall Cayiaill (e dlle 4 a5 jaaie Cile sana ) due il
S. eliuly rmall Cayiaill e dglle duw e UL alare Cijiul g oo 8 i IS Jals g1 5Y) G
S g5 IS i o) 5 Flia b 1685 50 ) Batiall | glaill g ¢ ll 35505 () LS. mennae s jacobsoni
Drenaill 48 55 g 311 Al ()55 O S liad) IS O ) L) Uik g3 1 il iy o ) duain (A S as
Aalgd) ol ydiall 38 apaatdglee Cpantl Aad (5 Can) 138 gy aalll L3 g il 5 Adbiad) e Ha) Sl oy

e, sl ale | a sl sall QalEl) | lall | (aalll L3 Ll s e Alial cialsl)



	7afe2df6304447818bf8916906d26eec8205ebce447d67e1a3aae95876cfa171.pdf
	7afe2df6304447818bf8916906d26eec8205ebce447d67e1a3aae95876cfa171.pdf

