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Abstract

The Caribbean is a recognized biodiversity hotspot; however, on islands such as Jamaica,
many faunal groups of ecological and forensic importance, including flesh flies, remain
poorly characterized, particularly at the genetic level. This study represents an initial step
towards addressing that gap through DNA barcoding. Forty-four specimens from 16 species
were analyzed through partial sequencing of the cytochrome c oxidase subunit I (COI) gene.
Of the 44 sequences, 30% shared 97-100% similarity with reference sequences in GenBank
and BOLD; however, taxonomic resolution varied between databases. The remaining
sequences gave lower similarity matches (88-96%), with assignments restricted to the genus
level or higher taxonomic ranks, or were discordant with morphology-based identifications.
With one exception, pairwise intraspecific genetic distances were low (0.17%), whereas
interspecific distances ranged from 5.68% to 12.83%. Neighbor-joining analysis showed
that Jamaican taxa, including five endemic species and two new records, formed largely
distinct monophyletic clades relative to sequences from North and South America, Europe
and Oceania, with >70% bootstrap support. These findings demonstrate the utility of
COI barcoding for species discrimination among Jamaican flesh flies and represent an
important step towards establishing a regional DNA barcode library. Expanding Caribbean
representation in global databases will be essential for improving the accuracy of molecular
identification and resolving uncharacterized taxa.

Keywords: Caribbean; COI; DNA barcoding; integrative taxonomy; island

1. Introduction

The Sarcophagidae, or flesh flies, represent a highly diverse family comprising over
3000 species [1,2], divided into three subfamilies: Miltogramminae, Paramacronychiinae,
and Sarcophaginae [3]. Of these, Sarcophaginae is the most species-rich, with approximately
2000 species [4]. Most species are found in the Neotropics, while only a few occur in
subarctic regions [5]. Sarcophaginae inhabit nearly all terrestrial ecosystems and exhibit a
wide range of feeding habits [1], particularly during the larval stages, which include feeding
on live and dead vertebrates, invertebrates, and organic substrates such as feces [6-9]. In
the Neotropics, necrophagous species play an important role in nutrient cycling as primary
decomposers and are of ecological, medical, and forensic relevance [10,11]. However,
their potential contribution to forensic investigations is limited by extreme morphological
similarity between species [12].

Diversity 2026, 18, 430

https://doi.org/10.3390/d18070430


https://crossmark.crossref.org/dialog?doi=10.3390/d18070430&domain=pdf&date_stamp=2026-07-17
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diversity
https://www.mdpi.com
https://orcid.org/0009-0001-6713-0550
https://orcid.org/0000-0003-3529-2448
https://doi.org/10.3390/d18070430

Diversity 2026, 18, 430

2 of 14

Adult flesh flies exhibit relatively uniform external morphology across species. They
are generally medium to large in size (8-25 mm), although smaller species (3-8 mm)
also occur. They are typically gray, with gray-black longitudinal stripes on the thorax,
a checkerboard abdomen, and a strongly bristled body [3]. Species-level identification
primarily relies on the morphology of male terminalia; females are difficult to identify,
and immature stages are often unknown or lack species-specific diagnostic characters [13].
Increasingly, molecular markers are being used to complement morphological identification
and provide species-level designations regardless of the insect’s life stage or condition.
They have become essential tools in biodiversity studies, identification, monitoring, and
description. Various studies, for example, have identified forensically important flesh
flies using nuclear internal transcribed spacer (ITS) regions and 285 rRNA as well as the
mitochondrial genes NADH dehydrogenase subunit 5 and cytochrome c oxidase subunits
I (CQOI) and II (COII) [12]. COI has proven particularly effective because of its maternal
inheritance, high mutation rate, high copy number, and the absence of recombination and
introns [14-17]. Moreover, the standard ~658 bp COI barcode region in Sarcophaga achieved
species-level identification at rates of 98.2-99.3% [18]. Similar levels of identification have
been reported in early COI DNA barcoding studies of Lepidoptera, where interspecific
divergence values exceeding 3% corresponded with morphology-based identification [19].
COI barcoding is presently a widely adopted tool for Sarcophagidae identification in
Europe, Asia, and North and South America [4,19,20].

However, the Sarcophagidae fauna of the Caribbean remains relatively understudied
when compared to mainland South America. Islands such as Antigua and Barbados in
the Lesser Antilles, the Cayman Islands in the western Caribbean, and Curagao in the
southern Caribbean off the coast of Venezuela have reported one species [11]. In contrast,
Cuba in the Greater Antilles has recorded as many as 55 species, and the Bahamas in the
Lucayan Archipelago recorded 43 species [11]. In Jamaica, also part of the Greater Antilles,
Dodge [21] documented 21 genera and 39 species, including 15 endemic taxa. This checklist
was later updated by Foote-Gordon et al. [11], increasing the total to 45 species. Although
morphological keys for Neotropical species are well developed [22], both their application
to geographically isolated island populations and validation using molecular approaches is
limited. This study represents an initial effort to bridge the gap between morphological
taxonomy and DNA barcoding for Sarcophagidae in Jamaica. Specifically, the study aims
to (1) develop a preliminary COI reference dataset for Jamaican Sarcophagidae by linking
DNA barcode sequences to morphologically identified specimens and (2) evaluate the
concordance of species identification generated by GenBank and BOLD.

2. Materials and Methods
2.1. Sample Collection

Adult flies were collected from 17 localities across Jamaica between 2018 and 2024
using van Someren-Rydon (VSR) traps baited with decomposing pork or chicken [11]. Each
specimen was assigned a unique identifier comprising the letters LF or ZG followed by
a four-digit number. A total of 50 adult flies were selected for analysis. Morphological
identification was performed using diagnostic keys listed in Foote Gordon et al. [11]. Speci-
mens for molecular analysis were selected from individuals remaining after representative
voucher specimens were deposited in museum collections [11] and were preserved in 95%
alcohol for subsequent DNA extraction.

2.2. Sample Preparation and DNA Extraction

Three legs were removed from each fly and rinsed with ultra-pure water (MilliQ),
followed by two washes in absolute ethanol to eliminate surface contaminants. The remaining
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body parts were retained as voucher specimens and deposited in the Department of Life
Sciences collection. Legs were then air-dried, transferred to sterile 1.5 mL tubes, and genomic
DNA extracted using the DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s protocol. A negative control containing only reagents was included to
monitor potential contamination during the extraction process. DNA concentration and purity
were assessed using a NanoDrop ND-One spectrophotometer (Thermo Fisher Scientific™,
Wilmington, NC, USA), and the extracts were stored at —20 °C until further analysis.

2.3. PCR Amplification, Purification and Sequencing

The COI fragment was amplified using the universal primers LCO1490 and
HCO2198 [23]. Each 20 uL PCR reaction contained 2 pL of DNA template, 7 uL of
1x Biotechrabbit™ Lyo Hot Start PCR Master Mix, 8 uL of MilliQ water, 1 uL of
1x BSA, and 0.5 puM in 1 pL of each primer (10 uM). The thermal cycling protocol started
with denaturation at 95 °C for 2 min, followed by 30 cycles of 95 °C for 30 s, 50 °C for 30s,
and 72 °C for 1 min, and ended with a final extension at 72 °C for 7 min. PCR amplification
was verified by electrophoresis on 2% agarose gels in 0.5x Tris-borate-EDTA (TBE) buffer.
Following purification using the QIAquick PCR Purification Kit (QIAGEN, Hilden, Ger-
many), PCR products were submitted for bidirectional Sanger sequencing at the Centre for
PanorOmic Sciences (CPOS), The University of Hong Kong.

2.4. Sequence Analysis for Species Identification

COI sequences were assembled, and primer sequences were trimmed in Geneious
Prime® (2023 v.2.1). Sequence alignment was performed with ClustalW in MEGA 12.
Nucleotide diversity, GC content, and the number of conserved, variable, and parsimony-
informative sites were calculated using DnaSP v.5.10.01 [24]. Species identification was
validated by sequence searches against the GenBank (https://blast.ncbi.nlm.nih.gov/Blast.
cgi, accessed on 23 April 2025) and BOLD database (https:/ /id.boldsystems.org, accessed
on 23 April 2025). A threshold of >97% similarity (<3% genetic distance) was used
for species assignment [19]. Maximum intraspecific and minimum interspecific genetic
distances were calculated using the Kimura two-parameter (K2P) distance model within
the BOLD platform and available COI sequences from all species within the targeted genera
and family. A barcode gap was considered when the maximum intraspecific distance
was lower than the minimum interspecific distance. A neighbor-joining (NJ) tree was
constructed in MEGA 12 using the K2P model with 1000 bootstrap replicates [25].

3. Results
3.1. Morphological Identification

Male sarcophagid flies used in this study were previously identified by Foote-
Gordon et al. [11] using taxonomic keys (Table 1) [3,11,21]. The 42 males represented
18 species across 11 genera. Eight female flies collected concurrently could not be reliably
identified morphologically.

3.2. Similarity-Based Identification

Amplification products and COI sequences were obtained with 44 of the 50 specimens
(36 males and 8 females). Sequences ranged from 556 to 629 bp; most sequences were
585 bp in length. As expected for mitochondrial genes [26], the nucleotide composition was
highly biased [26], with an average AT content of 66.2%. Among the aligned sequences,
432 sites were conserved, and 193 were variable, including 11 singleton variable sites
and 182 parsimony-informative sites. All sequences have been submitted to GenBank
under accession numbers PZ059504, PZ269060, PZ093051-PZ093092. Amplification was
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not successful for six male specimens which were previously morphologically identified
as Oxysarcodexia bakeri (Lopes, 1945), Ravinia effrenata (Walker, 1861), Sarcofahrtiopsis farri
(Dodge, 1965), Bahamiola orbitalis (Dodge, 1965), Blaesoxipha jamacoorum (Dodge, 1965) and
Sarcodexiopsis welchi (Hall, 1930) possibly due to PCR inhibition or DNA quality.

Sequence-based identifications obtained from searches against GenBank and BOLD
for male and female specimens are listed in Tables 1 and 2, respectively. Of the 44 sequences
analyzed, 13 (30%) showed 97-100% similarity to reference sequences. However, in some
instances, the same sequences also returned equally high similarity to species that were
inconsistent with the morphology-based identifications. The remaining sequences returned
database assignments with lower similarity matches (88-96%).

Among male specimens, for example, three COI sequences (2G2007, ZG2034, and
7G2043) from specimens morphologically identified as Peckia (Sarcodexia) lambens (Wiede-
mann, 1830) shared 100% similarity with Sarcodexia lambens sequences from Brazil and
Ecuador in GenBank (Table 1). The same sequences also shared 100% similarity with
Oxysarcodexia xanthosoma (Aldrich, 1916) sequences from Brazil and Ecuador, suggesting
ambiguity in species-level assignments. In BOLD, these sequences returned only family-
level matches (Sarcophagidae) from the USA and Trinidad and Tobago, the twin island
state located in the Lesser Antilles, off the coast of Venezuela (Table 1). Similarly, one male
specimen (LF1027) morphologically identified as Helicobia morionella (Aldrich, 1930) shared
100% similarity with sequences identified only to family level in both BOLD and GenBank.
Four specimens morphologically identified as Oxysarcodexia peltata (Aldrich, 1916) showed
99% similarity to Oxysarcodexia sp. from Costa Rica and 97% similarity to Sarcophaginae or
Sarcophagidae sequences from Ecuador.

Table 1. Morphological identification and sequence match percentages (GenBank and BOLD) for
male Jamaican Sarcophagidae specimens.

GenBank Morphological Species Name in Species Name in GenBank BOLD
SampleID  Accession | derlfﬁ ﬁcafion GenBank BOLD Similarity ~ Similarity
Number (Accession Number)  (Accession Number) (%) (%)
) Sarcophagidae sp.
LF001 PZ093051  Peckia nicasia Peckia abrupta BOLD: AAA2280; 94.60 95
MW200984; Ecuador .
Costa Rica
. Sarcophagidae sp.
LF1018  PZ093052  Peckia nicasia Peckia abrupta BOLD: AAA2280; 95 95
MW200984; Ecuador .
Costa Rica
) Sarcophagidae sp.
Tapacura Sarcophaga langi ] i
LF1019 PZ269060 mariarum KU746601; Burundi BOLD: AFD5075, 91.82 94.23
Suriname
-y . Sarcophagidae sp.
LF1027  PZ093053 Helicobia Sarcophagidae sp. BOLD: AAP2703; 100 100
morionella JE872339; USA
USA,
Oxysarcodexia Oxysarcodexia
LF1036 PZ093054 ycorolla ventricosa No result 93.37 No result
KJ208554; Canada
. Sarcophagidae sp.
LF1041  PZ093055  Peckia nicasia Peckia abrupta BOLD: AAA2280; 95 94.99
MW200984, Ecuador .
Costa Rica
o Sarcofahrtiopsis sp. Sarcophagidae sp.
LF1044  PZ093056 ™% ‘Z;:?O”S’S MG967985; BOLD: AAP4729; 94.75 100
f Costa Rica USA
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Table 1. Cont.
GenBank Morphological Species Name in Species Name in GenBank BOLD
SampleID  Accession 1 derrﬂi ﬁca%ion GenBank BOLD Similarity = Similarity
Number (Accession Number)  (Accession Number) (%) (%)
) Sarcophagidae sp.
LF1048  PZ093057  Peckia nicasia Peckia abrupta BOLD: AAA2280; 94.60 94.94
MW?200984; Ecuador .
Costa Rica
. Sarcophaga okaliana Sarcophagidae sp.
LF1068  PZ093058  LU4MOSIYPA yoser006. Western  BOLD: AEQ2626; 88.62 94.54
fimbriata .
Europe Mexico
) ) Sarcophagidae sp.
Titanogrypa Peckia aequata . .
LF1068(2)  PZ093059 fimbriata MW200972; Ecuador BOLD: AEQ2626, 88.71 94.42
Mexico
Boettcheria Boettcheria sp.
LF1069 PZ093060 parkeri KM945900; Canada No result 92.85 No result
Boettcheria Boettcheria sp.
ZG2000 PZ093061 parkeri KM945900; Canada No result 92.85 No result
Bahamiola Sarcophaga vicina
ZG2001 PZ093062 o KU746569, JQ582038; No result 92.03 No result
orbitalis ;
Croatia
) . Sarcophagidae sp.
7G2002  PZ0930e3  OXysercodexia - Oxysarcodexia paroa gy b A Bwgnno; 94.74 94.90
amilleae MKO055777; Brazil .
Argentina
Oxvsarcodexia Oxysarcodexia Oxysarcodexia sp.
ZG2003 PZ093064 ycorolla ventricosa BOLD: ACP4874; 93.37 94.54
KJ208554; Canada Costa Rica
Bahamiola Sarcophaga vicina
ZG2005 PZ093066 o KU746569, JQ582038; No result 92.03 No result
orbitalis ;
Croatia
Sarcodexia lambens
MW?200981; Ecuador  Sarcophagidae sp.
7G2007 PZ093068  Peckia lambens Oxysarcodexia BOLD: AAA1909; 100 100
xanthosoma Trinidad and Tobago
KU315816; Brazil
Oxysarcodexia Sarcophaginae s Oxysarcodexia sp.
7ZG2008  PZ093069 Y PagNae sp- — por P: AGO1597; 97.13 99.36
peltata MW200654; Ecuador .
Costa Rica
Peckia Peckia chrysostoma Peckia chrysostoma
ZG2009 PZ093070 AF259515, KX054328;,  BOLD: AAL3638; 96.10 96.23
chrysostoma - .
French Polynesia French Polynesia
Oxysarcodexia Sarcophaginae s Oxysarcodexia sp.
ZG2010  PZ093071 Y blaginacsb- — BOLD: AGO1597; 97.13 99.36
peltata MW200654; Ecuador .
Costa Rica
o Sarcofahrtiopsis sp. Sarcophagidae sp.
ZG2012  PZ093073 S“”OJJZ};:’?OPSZS MG967985; BOLD: AAP4729; 94.75 100
Costa Rica USA
) . Oxysarcodexia sp.
Oxysarcodexia Sarcophagidae sp. i )
7G2015 P7059504 peltata MW200654; Ecuador BOLD: AGO1597; 97.13 99.35

Costa Rica
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Table 1. Cont.
GenBank Morphological Species Name in Species Name in GenBank BOLD
SampleID  Accession 1 derrﬂi ﬁca%ion GenBank BOLD Similarity = Similarity
Number (Accession Number)  (Accession Number) (%) (%)
) . Sarcophagidae sp.
Oxysarcodexia Sarcophagidae sp. i i
ZG2019 PZ093078 bakeri JES71267: USA BOLD: AEZS362, 92 99.02
Mexico
. . Sarcophagidae sp.
Oxysarcodexia Sarcophagidae sp. . .
7G2020 P7093079 bakeri JES71267; USA BOLD: AEZS%Z, 92 99.02
Mexico
Peckia Peckia chrysostoma Peckia chrysostoma
7G2022 PZ093080 AF259515, KX054328;  BOLD: AAL3638; 96.10 96.40
chrysostoma - .
French Polynesia French Polynesia
) Sarcophagidae sp.
7G2024  PZ093081  Peckia nicasia Peckia abrupta BOLD: AAA2280; 94 94.99
MW200984; Ecuador .
Costa Rica
Peckia Tricharaea sp. Peckia sp.
7G2026 PZ093082 o OM557520; BOLD: ACY5042; 94.44 94.28
dominicana . .
Argentina Argentina
Bahamiola Sarcophaga vicina
7G2027 PZ093083 - KU746569, JQ582038; No result 92.03 No result
orbitalis ;
Croatia
Oxysarcodexia Sarcophagidae s Oxysarcodexia sp.
ZG2030  PZ093084 Y Praglcacsb- — BOLD: AGO1597; 97.10 99.35
peltata MW?200654; Ecuador .
Costa Rica
Blaesoxipha Blaesoxipha eleodis
ZG2031 PZ093085 jamacoorum JO806811; USA No result 92.11 No result
Sarcodexia lambens
MW200981; Ecuador  Sarcophagidae sp.
7G2034 PZ093086  Peckia lambens Oxysarcodexia BOLD: AAA1909; 100 100
xanthosoma Trinidad and Tobago
KU315816; Brazil
Oxysarcodexia Sarcophagidae s Sarcophagidae sp.
7G2035  PZ093087 ysar prasicacsh-  BOLD: ABWS00O; 94.41 95.75
amilleae MG293037; Canada .
Argentina
Oxvsarcodexia Oxysarcodexia Sarcophagidae sp.
7G2036 P7093088 Z milleae angrensis BOLD: ABW8000; 94.47 94.96
MW?200603; Ecuador Argentina
Oxvsarcodexia Oxysarcodexia Sarcophagidae sp.
ZG2039 PZ093089 Z milleae angrensis BOLD: ABW8000; 94.35 94.83
MW?200603; Ecuador Argentina
Sarcodexia lambens
MW?200981; Ecuador  Sarcophagidae sp.
7G2043 PZ093091  Peckia lambens Oxysarcodexia BOLD: AAA1909; 100 100
xanthosoma Trinidad and Tobago
KU315816; Brazil
Peckia sp. Peckia sp.
7G2045 P7093092  Peckia buethni MG967786; BOLD: ADL00S; 96.26 96.26
Dominican Republic =~ Dominican Republic
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For the remaining male specimens, the sequences (28/36; 78%) returned low-similarity
matches (88-96%) and unresolved identifications at the genus or higher taxonomic levels
or were discordant with the morphology-based identifications. For example, two male
specimens of Peckia chrysostoma (Wiedemann, 1830) (ZG2009 and ZG2022) showed 96%
similarity to reference sequences from French Polynesia in both databases. Similarly,
Peckia sp. sequences from the Dominican Republic, another Caribbean country within
the Greater Antilles, shared 96% similarity to the Jamaican endemic Peckia (Euboettcheria)
buethni Dodge, 1965 (ZG2045) in both GenBank and BOLD. Other Jamaican endemics
that returned with unresolved or discordant identifications included Peckia (Euboettcheria)
nicasia (Lopes, 1941) (LF001, LF1018, LF1041, LF1048, ZG2024), Oxysarcodexia corolla Dodge,
1965 (LF1036, ZG2003), Blaesoxipha (Kellymyia) jamacoorum (Dodge, 1965) (ZG2031), and
Boettcheria parkeri (Aldrich, 1916) (LF1069, ZG2000). Sequences from newly recorded
Jamaican species, Bahamiola orbitalis (ZG2001, ZG2005, ZG2027), Tapacura mariarum Tibana
and Lopes, 1985 (LF1019), and Oxysarcodexia amilleae Foote, Pape, and Buenaventura, 2024
(2G2002, ZG2035, ZG2036, ZG2039), also returned database assignments inconsistent with
morphology-based identifications (Table 1). Of note, BOLD returned no identification
results for 19% (7/36) of the sequences (Table 1).

Species identification of female specimens that could not be resolved morphologically
was not consistently achieved through GenBank and BOLD searches only and required
comparison with COI sequences from morphologically identified Jamaican male specimens
(Table 2). Five female sequences (ZG2004, ZG2006, ZG2014, ZG2016, and ZG2040) shared
99.84-100% identity with sequences from Jamaican male Peckia (Sarcodexia) lambens (ZG2007)
and P. lambens reference sequences from Brazil and Ecuador. However, these sequences also
shared 100% similarity with O. xanthosoma sequences from Brazil. Lower similarity matches
(92-96%), assignments inconsistent with the corresponding male specimens or matches
restricted to family level were obtained with the remaining three sequences: (1) ZG2018
matched sequences from male specimens identified as P. chrysostoma (ZG2009 and 2G2022),
and shared 96.39% similarity, with GenBank and BOLD accessions from French Polynesia,
(2) ZG2011 showed 98.71% and 92.06% similarity to Sarcophagidae sp. sequences from
Mexico and the USA, respectively, and also shared high similarity to the male specimen
ZG2019, morphologically identified as O. bakeri, and (3) ZG2017 was 95% similar to P.
abrupta sequences from Ecuador and Costa Rica and was identical to sequences from male
P. nicasia specimens (LF001 and LF1048).

Table 2. Molecular identification of female specimens using Jamaican male Sarcophagidae COI
barcodes and reference sequences from GenBank and BOLD.

Species Name in

Sample GenBank GenBank Species Name in  GenBank BOLD Match with Jamaican
IDP Accession (Accession BOLD Similar-  Similarity Male Species and K2P
Number (Processed ID) ity (%) (%) Distance
Number)
Sarcodexia lambens Sarcophagidae
MW200981 Ecuador; sp.
MW200968 Brazil BOLD: Peckia
ZG2004  PZ093065 Oxysarcodexia AAA1909, 100 100 ZG2007 lambens 0.000
xanthosoma Trinidad &
KU315816, Brazil Tobago
Sarcodexia lambens Sarcophagid
MW200981, Ecuador ~ ~° C"pspag ae
7G2006  Pzo9soey  MW200968 Brazil - porp Aaata00 100 100 7G2007 Peckia 0.000
Oxysarcodexia . lambens
Trinidad &
xanthosoma Tob
KU315816, Brazil 0bago
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Table 2. Cont.

Species Name in

Samole GenBank GenBank Species Name in  GenBank BOLD Match with Jamaican
IDP Accession (Accession BOLD Similar-  Similarity Male Species and K2P
Number Number) (Processed ID) ity (%) (%) Distance
Sarcophagidae sp. Sarcopshaglclae Oxysarcodexia
ZG2011  PZ093072 JE872101 ) p- 92.06 98.71 ZG2019 Y . 0.000
JFS71267, USA BOLD: AEZ5362, bakeri
’ Mexico
Sarcodexia lambens Sarcophagidae
MW200981, Ecuador sp.
MW200968, Brazil BOLD: Peckia
7ZG2014  PZ093074 Oxysarcodexia AAA1909, 100 100 ZG2007 lambens 0.000
xanthosoma Trinidad &
KU315816, Brazil Tobago
Sarcodexia lambens Sarcophagid
MW200981, @ C"pspag ae
Ecuador : )
ZG2016  PZ093075 MW200968, Brazil Aiiligog 99.84 99.84 ZG2007 lfrfzcb]ZZs 0.002
Oxysarcodexia . g
Trinidad &
xanthosoma Tobaco
KU315816, Brazil &
Peckia abrupta Sarcopsfl;agldae
ZG2017  PZ093076 MW200984 BOLD: 95 95 LFool Peckia nicasia  0.000
MW200908, LF1048
Ecuador AAA2280, Costa
Rica
) chrysostoma ZG2009 Peckia 0.000
ZG2018 - PZ093077 iﬁ;‘;‘;ghlgysl‘:’ftimﬁ BOLD: AAL3638, 07 96.39 7G2022  chrysostoma  0.001
Polyn/e siae ¢ French Polynesia
Sarcodexia lambens Sarcops};)agldae
MW200981, Ecuador : .
L BOLD: Peckia
7G2040  PZ093090 O;y;;z;ggjz;za AAA1909, 100 100 Z2G2007 lambens 0.000
. Trinidad &
KU315816, Brazil
Tobago

The genetic distances among COI sequences of 15 of the 16 species are summarized in
Table 3. All species exhibited maximum intraspecific distances lower than 3%, with 67%
(10/15) showing 0% intraspecific divergence. Interspecific distances ranged from 5.68%
(P. nicasia) (Lopes, 1941) to 12.83% (T. fimbriata). In all cases, intraspecific distances were
lower than interspecific distances. There was no overlap between maximum intraspecific
and nearest-neighbor distances. The smallest gap of 5.68% occurred between P. buethni and
P. nicasia, suggesting relatively recent divergence.

Table 3. Cluster analysis for 15 species based on divergence metrics from 43 COI sequences.

Species ! I M.a.x im}lm o M.if\imym o
ntraspecific Distance (%) Interspecific Distance (%)
Bahamiola orbitalis 0 9.49
Blaesoxipha jamacoorum * 0 11.1
Boettcheria parkeri 0 12.32
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Table 3. Cont.

Species !

Maximum
Intraspecific Distance (%)

Minimum
Interspecific Distance (%)

Helicobia morionella * 0 10.37
Oxysarcodexia bakeri 0.16 10.02
Oxysarcodexia corolla 0.84 7.86
Oxysarcodexia peltata 0 7.86
Peckia buethni * 0 5.68
Peckia chrysostoma 0.16 9.43
Peckia dominicana * 0 9.46
Peckia lambens 0.17 9.81
Peckia nicasia 0 5.68
Sarcofahrtiopsis farri 0 11.65
Tapacura mariarum * 0 10.02
Titanogrypa fimbriata 0.16 12.83

1 * represents species with 1 = 1; all other species were represented by 2-8 individuals.

3.3. Tree-Based Analysis

Neighbor-joining (N]) analyses produced 15 well-supported, monophyletic clades,
each corresponding to one of the morphologically identified species (Figure 1). The dataset
comprised 35 male and 8 female Jamaican sarcophagid sequences along with 18 sequences
retrieved from GenBank and the calliphorid species, Chrysomya megacephala, as the out-
group. The NJ tree clearly separated the outgroup from the sarcophagids, and all species
clustered into distinct monophyletic groups supported with bootstrap values exceeding
70%, validating morphological identification, with the exception of Oxysarcodexia species
at 67%. Multiple individuals of the same species clustered together (e.g., Peckia sp.), indi-
cating low intraspecific divergence and genetic homogeneity across sampling locations
in Jamaica. Additionally, the Jamaican sequences clustered with conspecific sequences
from the USA, Canada, French Polynesia, Brazil, and Ecuador, further supporting species
identification despite some sequence divergence. Of note, the Peckia abrupta from Ecuador
and the Jamaican P. nicasia, which shared <97% sequence similarity, clustered together.
The majority of Jamaican female specimens grouped with their respective male counter-
parts as well as sequences from other regions, even where sequence similarity was <97%
(e.g., P. chrysostoma). ZG2004, which shared 100% similarity with P. lambens reference
sequences in GenBank and was identical to sequences obtained from Jamaican male P.
lambens, clustered with the Brazilian sequence annotated as O. xanthosoma and the other
Jamaican male P. lambens sequences (97% bootstrap support).
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Figure 1. Neighbor-joining tree based on COI sequences of sarcophagid species from Jamaica and
North and South America, Europe and Oceania. Specimen labels include the GenBank accession
number, species name (an indication of female specimens where applicable), specimen ID num-
ber, and collection location. Numbers on branches indicate the bootstrap support value (among
1000 replicates). Only support values above 50% are shown. KC966375: Calliphoridae is the outgroup

to root the tree.

4. Discussion

DNA barcoding, particularly using COI sequences, has been widely established as
a reliable method for identifying Diptera species across families such as Calliphoridae,
Phoridae, Muscidae, and Sarcophagidae [25,27]. This approach is especially useful for
resolving closely related or morphologically ambiguous taxa; however, its effectiveness is
dependent on the availability of the barcodes in reference databases. Molecular repositories
are often biased to temperate regions or well-studied fauna [28], and for many tropical
Diptera, newly generated sequences frequently lack close matches (<90-95%). Conse-
quently, identification declines markedly when a reference library is less than 50% complete

for a region [29].
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Jamaica has 46 documented species of flesh flies [11,30]. This study represents the
first DNA barcode database for Sarcophagidae species in the country. Overall, species-
level molecular identification was limited. Although thousands of database hits were
retrieved for COI sequences from the 16 Jamaican species, only 30% (13/44) returned
97-100% similarity to reference sequences. Taxonomic resolution varied among databases,
with assignments ranging from species-level to broader family or subfamily-level place-
ments, and some high-similarity matches were ambiguous. For example, sequences from
eight specimens of Peckia (Sarcodexia) lambens achieved species-level assignments based on
99-100% similarity to reference sequences, but the same sequences also returned equally
high-similarity matches to Oxysarcodexia xanthosoma (KU315816). However, phylogenetic
analysis supported the identification as P. lambens, since KU315816 clustered within a
well-supported clade (97%) comprising other P. lambens reference sequences. In addition,
there is no record of O. xanthosoma in Jamaica [11]. Together with the high proportion
(70%) of sequences returning matches below the 97% identity threshold and unresolved or
discordant species-level assignments, these results highlight gaps in Caribbean taxonomic
representation in public databases and are consistent with previous reports of misidentified
reference sequences in DNA barcode databases [31].

Furthermore, even when morphological identifications were concordant with sequence-
based assignments, similarity values were sometimes below the 97% threshold for species-
level identification. For example, specimens morphologically identified as P. chrysostoma
(2G2022, PZ093080) showed only 96.10-96.40% similarity to available P. chrysostoma refer-
ence sequences from GenBank and BOLD. This level of divergence (~4%) among conspecific
sequences may reflect deep intraspecific structuring or incomplete reference sampling.
Meiklejohn et al. [32] reported similar observations with Sarcophaga species in Australia.
It was posited that flesh flies exhibit deep intraspecific clades, which sometimes exceed
4% divergence. Bergsten et al. [33] also found that divergence increases with geographic
distance even within species, supporting the possibility that Caribbean populations of P.
chrysostoma may represent a geographically structured lineage from mainland species. Sim-
ilarly, Pinto et al. [34] reported approximately 90% matches between Neotropical Diptera
and public databases despite morphological confirmation, suggesting that limited ref-
erence coverage or cryptic diversity may also contribute to observed divergence. This
uncertainty is supported by the phylogenetic analysis, where Jamaican P. chrysostoma
formed a sister clade to sequences from French Polynesia (bootstrap 99%). Collectively, the
results indicate that species boundaries in this group cannot yet be fully resolved and high-
light the need for expanded regional barcode sampling [29] and perhaps whole-genome
sequencing approaches.

The utility of public databases was further constrained by incomplete taxonomic
resolution within GenBank and BOLD. This was evident for three species, O. peltata, H.
morionella, and S. farri, which were represented in the reference databases only at the
genus or family level. The effective use of these databases depends not only on the
availability of reference sequences but also on the accuracy of their taxonomic annotation.
The sequences generated in this study (accession numbers PZ05904; PZ093069; PZ093084;
PZ093053; PZ093073) now provide validated voucher-linked references. The clustering
observed in the NJ analysis, with strong bootstrap support (99%), further supports the
utility of these COI sequences for taxonomic identification of Jamaican flesh flies. This is an
important contribution to the database because, according to Mello-Patiu and Pape [35],
Sarcophagidae fauna are neglected globally, and disciplines such as forensic entomology
require accurate identification. Additionally, COI sequences for five Jamaican endemic
species (B. jamacoorum, B. parkeri, O. corolla, P. buethni, and P. nicasia), three new records
(P. dominicana, B. orbitalis, and T. mariarum) and a newly described species (O. amilleae)
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are provided. All taxa formed distinct, well-supported monophyletic clades in the NJ
tree, confirming their morphological identification and genetic distinctiveness within the
Jamaican fauna. Nonetheless, a relatively small number of individuals were sampled in this
study. Because single DNA sequences may contain errors or may not capture intraspecific
variation, generating multiple barcodes per species is essential to ensure the reference
data are representative. Future work should therefore focus on increasing sample sizes,
incorporating additional molecular markers such as mitochondrial COII and 165 rRNA, or
nuclear ITS2 and 28S rRNA [36,37].

At the species level, strong barcode gaps were observed across all taxa. Intraspecific
divergence was low (<0.84%), while interspecific distances were substantially higher (mean
~9.5%), with no overlap between these values. This is consistent with expected barcode
separation in insects [19]. However, studies on Sarcophagidae suggest that the interspecific
distance can be as low as 2% [18]. The smallest interspecific distance of 5.86% occurred
between P. buethni and P. nicasia. This relationship will need to be confirmed, as only one
sequence of P. buethni was used in the analysis. Notwithstanding, both species are classified
under the subgenus Euboettcheria and are similar morphologically, as they possess a long
plate phallic tube [38]. Sister grouping in the NJ tree suggests recent divergence. Given
the overall limited number of available sequences, these values should be considered pre-
liminary, as they may not fully capture the extent of genetic variation and may potentially
inflate the observed barcode gap. Future studies should prioritize increasing the number of
individuals sampled per species to better characterize intraspecific diversity and provide a
more accurate assessment of genetic variation.

Finally, this study addressed the challenge of identifying female Sarcophagidae in
Jamaica, as noted by Foote-Gordon et al. [11]. By using COI barcode sequences from
morphologically identified Jamaican males, together with database comparisons and NJ
analysis, most female specimens (5/8; 63%) were assigned to species-level identities. These
results demonstrate the value of an integrative taxonomic approach combining a regional
barcode reference library with traditional morphological expertise for resolving morpho-
logically ambiguous taxa in Caribbean and Jamaican Sarcophagidae.

5. Conclusions

This study provides the first report of molecular data for species of Sarcophagidae
in Jamaica. Twelve new COI barcodes for species of flesh flies in Jamaica were generated,
adding to global data repositories. While these findings represent an initial step that
warrants further validation, they open the door for the use of COI as a diagnostic tool for
Jamaican flesh flies, serve as a confirmatory tool for existing records that lacked species
identification, and underscore the need for a Caribbean region-based reference repository.
Future efforts should prioritize expanding and curating regional barcode libraries as well as
integrating multiple genetic markers along with morphological data to resolve taxonomic
uncertainties and support both biodiversity and forensic applications in the Caribbean.

Author Contributions: L.E-G.: conceptualization, investigation, formal analysis, writing—original
draft, writing—review and editing; T.A.B.: investigation, methodology, supervision, formal analysis,
writing—review and editing; P.T.: formal analysis, writing—review and editing. All authors have
read and agreed to the published version of the manuscript.

Funding: The project received no external funding.
Institutional Review Board Statement: Not applicable.

Data Availability Statement: The COI sequence data that support the findings of this study
will be openly available from the NCBI GenBank at https://www.ncbi.nlm.nih.gov, accessed on
25 November 2025.

https://doi.org/10.3390/d18070430


https://www.ncbi.nlm.nih.gov
https://doi.org/10.3390/d18070430

Diversity 2026, 18, 430 13 of 14

Acknowledgments: The authors express their sincere appreciation to the Department of Life Sciences
for supporting this project through the provision of DNA kits and transportation to the study sites.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Zafeiriou, S.; Rakopoulou, G.D.; Agapakis, G.; Petanidou, T.; Alexiou, S. Contribution to the Diversity of the Genus Sarcophaga
(Diptera: Sarcophagidae): Checklist, Species Distribution, and New Records for Greece. Diversity 2025, 16, 359. [CrossRef]

2. Pape, T.; Blagoderov, V.; Mostovski, M.B. Order Diptera Linnaeus, 1758. In Animal Biodiversity: An Outline of Higher-Level
Classification and Survey of Taxonomic Richness; Zhang, Z.-Q., Ed.; Magnolia Press: Auckland, New Zealand, 2011; Volume 3148,
p. 222.

3. Pape, T. Catalogue of the Sarcophagidae of the World (Insecta: Diptera); Associated Publishers: Gainesville, FL, USA, 1996; 558p.

4. Buenaventura, E.; Pape, T. Phylogeny, evolution and male terminalia functionality of Sarcophaginae (Diptera: Sarcophagidae).
Zool. ]. Linn. Soc. 2018, 183, 808-906. [CrossRef]

5. Yan, L.; Buenaventura, E.; Pape, T.; Kutty, S.N.; Bayless, K.M.; Zhang, D. A phylotranscriptomic framework for flesh fly evolution
(Diptera, Calyptratae, Sarcophagidae). Cladistics 2021, 37, 540-558. [CrossRef] [PubMed]

6.  Moretti, T.C.; Allegretti, S.M.; Mello-Patiu, C.A.; Tognolo, A.M.; Ribeiro, O.B.; Solis, D.R. Occurrence of Microcerella halli (Engel)
(Diptera, Sarcophagidae) in snake carrion in southeastern Brazil. Rev. Bras. Entomol. 2009, 53, 318-320. [CrossRef]

7. Mello-Patiu, C.A.; Luna-Dias, C. Myiasis in the Neotropical amphibian Hypsiboas beckeri (Anura: Hylidae) by a new species of
Lepidodexia (Diptera: Sarcophagidae). J. Parasitol. 2010, 96, 685-688. [CrossRef] [PubMed]

8.  Shewell, G.E. Sarcophagidae. In Manual of Nearctic Diptera; McAlpine, J.E, Peterson, B.V., Shewell, G.E., Teskey, H].,,
Vockeroth, J.R., Wood, D.M., Eds.; Agriculture Canada: Ottawa, ON, Canada, 1987; Volume 2, pp. 1159-1186.

9.  Stevens, ].R,; Wallman, J.E; Otranto, D.; Wall, R.; Pape, T. The evolution of myiasis in humans and other animals in the Old and
New Worlds (part II): Biological and life-history studies. Trends Parasitol. 2006, 22, 181-188. [CrossRef] [PubMed]

10.  Abajue, M.C. Environmental Sustainability: Relevance of Forensic Insects and Other Ecosystem Services in Africa. In Sustainable
Utilization and Conservation of Africa’s Biological Resources and Environment; Izah, S.C., Ogwu, M.C., Eds.; Sustainable Development
and Biodiversity; Springer: Singapore, 2023; Volume 32, pp. 247-264. [CrossRef]

11. Foote-Gordon, L.; Garraway, E.; Pape, T.; Buenaventura, E. Annotated checklist of Sarcophagidae (Diptera) of Jamaica, with new
records. ZooKeys 2024, 1221, 175-203. [CrossRef] [PubMed]

12.  Ren, L.; Shang, Y.; Chen, W.; Meng, F,; Cai, J.; Zhu, G.; Chen, L.; Wang, Y.; Deng, ].; Guo, Y. A brief review of forensically important
flesh flies (Diptera: Sarcophagidae). Forensic Sci. Res. 2018, 3, 16-26. [CrossRef] [PubMed]

13.  Smith, K.G.V. A Manual of Forensic Entomology; Cornell University Press: Ithaca, NY, USA, 1986; p. 205.

14. Avise, J.C. Molecular Markers, Natural History and Evolution; Springer: New York, NY, USA, 1994; p. 511. [CrossRef]

15. Ballard, ].W.O.; Whitlock, M.C. The incomplete natural history of mitochondria. Mol. Ecol. 2004, 13, 729-744. [CrossRef] [PubMed]

16. Bernt, M.; Braband, A.; Schierwater, B.; Stadler, PF. Genetic aspects of mitochondrial genome evolution. Mol. Phylogenet. Evol.
2013, 69, 328-338. [CrossRef] [PubMed]

17.  Hebert, PD.N.; Penton, E.H.; Burns, ] M.; Janzen, D.H.; Hallwachs, W. Ten species in one: DNA barcoding reveals cryptic species
in the neotropical skipper butterfly Astraptes fulgerator. Proc. Natl. Acad. Sci. USA 2004, 101, 14812-14817. [CrossRef] [PubMed]

18. Jordaens, K.; Sonet, G.; Richet, R.; Dupont, E.; Braet, Y.; Desmyter, S. Identification of forensically important Sarcophaga species
(Diptera: Sarcophagidae) using the mitochondrial COI gene. Int. J. Leg. Med. 2013, 127, 491-504. [CrossRef] [PubMed]

19. Hebert, PD.N.; Cywinska, A.; Ball, S.L.; de Waard, J.R. Biological identifications through DNA barcodes. Proc. R. Soc. B Biol. Sci.
2003, 270, 313-321. [CrossRef] [PubMed]

20. Samerjai, C.; Sukontason, K.L.; Sontigun, N.; Sukontason, K.; Klong-Klaew, T.; Chareonviriyaphap, T.; Kurahashi, H.;
Klimpel, S.; Kochmann, J.; Saeung, A.; et al. Mitochondrial DNA-based identification of forensically important flesh flies
(Diptera: Sarcophagidae) in Thailand. Insects 2020, 11, 2. [CrossRef] [PubMed]

21. Dodge, H.R. The Sarcophagidae (Diptera) of the West Indies. II. Jamaica. Ann. Entomol. Soc. Am. 1965, 58, 497-517. [CrossRef]

22. Henao-Septlveda, C.; Buenaventura, E.; Wolff, M. Description and key for third-instar larvae of the most common flesh fly
species (Diptera, Sarcophagidae) with forensic importance in an urban ecosystem in Colombia. Neotrop. Entomol. 2026, 55, 42.
[CrossRef] [PubMed]

23.  Folmer, O.; Black, M.; Hoeh, W.; Lutz, R.; Vrijenhoek, R. DNA primers for amplification of mitochondrial cytochrome c oxidase
subunit I from diverse metazoan invertebrates. Mol. Mar. Biol. Biotechnol. 1994, 3, 294-299. [PubMed]

24. Librado, P; Rozas, J. DnaSP v5: A software for comprehensive analysis of DNA polymorphism data. Bioinformatics 2009, 25,
1451-1452. [CrossRef] [PubMed]

25. Sharma, D.M.; Singh, D.; Sharma, A.K. Molecular identification of forensically important Indian species of flesh flies

(Diptera: Sarcophagidae) by using COI gene of mitochondrial DNA. |. Forensic Res. 2015, 6, 2. [CrossRef]

https://doi.org/10.3390/d18070430


https://doi.org/10.3390/insects16040359
https://doi.org/10.1093/zoolinnean/zlx070
https://doi.org/10.1111/cla.12449
https://www.ncbi.nlm.nih.gov/pubmed/34570937
https://doi.org/10.1590/S0085-56262009000200018
https://doi.org/10.1645/GE-2423.1
https://www.ncbi.nlm.nih.gov/pubmed/20486737
https://doi.org/10.1016/j.pt.2006.02.010
https://www.ncbi.nlm.nih.gov/pubmed/16507352
https://doi.org/10.1007/978-981-19-6974-4_22
https://doi.org/10.3897/zookeys.1221.135698
https://www.ncbi.nlm.nih.gov/pubmed/39713584
https://doi.org/10.1080/20961790.2018.1432099
https://www.ncbi.nlm.nih.gov/pubmed/30483648
https://doi.org/10.1007/978-1-4615-2381-9
https://doi.org/10.1046/j.1365-294X.2003.02063.x
https://www.ncbi.nlm.nih.gov/pubmed/15012752
https://doi.org/10.1016/j.ympev.2012.10.020
https://www.ncbi.nlm.nih.gov/pubmed/23142697
https://doi.org/10.1073/pnas.0406166101
https://www.ncbi.nlm.nih.gov/pubmed/15465915
https://doi.org/10.1007/s00414-012-0767-6
https://www.ncbi.nlm.nih.gov/pubmed/22960880
https://doi.org/10.1098/rspb.2002.2218
https://www.ncbi.nlm.nih.gov/pubmed/12614582
https://doi.org/10.3390/insects11010002
https://www.ncbi.nlm.nih.gov/pubmed/31861293
https://doi.org/10.1093/aesa/58.4.497
https://doi.org/10.1007/s13744-026-01381-y
https://www.ncbi.nlm.nih.gov/pubmed/42029987
https://www.ncbi.nlm.nih.gov/pubmed/7881515
https://doi.org/10.1093/bioinformatics/btp187
https://www.ncbi.nlm.nih.gov/pubmed/19346325
https://doi.org/10.4172/2157-7145.1000316
https://doi.org/10.3390/d18070430

Diversity 2026, 18, 430 14 of 14

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Foster, P.G.; Jermiin, L.S.; Hickey, D.A. Nucleotide Composition Bias Affects Amino Acid Content in Proteins Coded by Animal
Mitochondria. J. Mol. Evol. 1997, 44, 282-288. [CrossRef] [PubMed]

Yusseff-Vanegas, S.Z.; Agnarsson, I. DNA-barcoding of forensically important blow flies (Diptera: Calliphoridae) in the Caribbean
Region. Peer] 2017, 5, e3516. [CrossRef] [PubMed]

Gaytén, A; Bergsten, J.; Canelo, T.; Pérez-Izquierdo, C.; Santoro, M.; Bonal, R. DNA Barcoding and geographical scale effect: The
problems of undersampling genetic diversity hotspots. Ecol. Evol. 2020, 10, 10754-10772. [CrossRef] [PubMed]

Virgilio, M.; Backeljau, T.; Nevado, B.; De Meyer, M. Comparative performance of DNA barcoding across insect orders.
BMC Bioinform. 2010, 11, 206. [CrossRef] [PubMed]

Foote-Gordon, L.; Buenaventura, E.; Pape, T. A new species of Oxysarcodexia Townsend, 1917 (Diptera: Sarcophagidae) from
Jamaica. J. Entomol. Zool. Stud. 2025, 13, 199-201. [CrossRef]

Lis, J.A.; Lis, B.; Ziaja, D.J. In BOLD we trust? A commentary on the reliability of specimen identification for DNA barcoding:
A case study on burrower bugs (Hemiptera: Heteroptera: Cydnidae). Zootaxa 2016, 4114, 83-86. [CrossRef] [PubMed]
Meiklejohn, K.A.; Wallman, J.F.; Dowton, M. DNA-based identification of forensically important Australian Sarcophagidae
(Diptera: Sarcophagidae). Int. |. Leg. Med. 2011, 125, 27-32. [CrossRef] [PubMed]

Bergsten, J.; Bilton, D.T.; Fujisawa, T.; Elliott, M.; Monaghan, M.T.; Balke, M.; Hendrich, L.; Geijer, J.; Herrmann, J.; Foster, G.N.;
et al. The effect of geographical scale of sampling on DNA barcoding. Syst. Biol. 2012, 61, 851-869. [CrossRef] [PubMed]

Pinto, L.S.; Chagas, B.D.; Rodrigues, A.A.F,; Ferreira, A.L.; Rezende, H.R.; Bruno, R.V,; Falqueto, A.; Andrade-Filho, ].D;
Galati, E.A.B.; Shimabukuro, PH.F,; et al. DNA Barcoding of Neotropical Sandflies (Diptera: Psychodidae, Phelobotominae):
Species identification and discovery in Brazil. PLoS ONE 2015, 10, €0140636. [CrossRef] [PubMed]

de Mello-Patiu, C.A.; Pape, T. Definitions of Dexosarcophaga Townsend, 1917 and Sarcofahrtiopsis Hall, 1933, including two new
species and a redescription of Sarcofahrtiopsis cuneata (Townsend, 1935) (Diptera: Sarcophagidae). Bol. Entomol. Venez. 2000, 15,
181-194.

Park, J.H.; Kim, YH.; Ham, C.S,; Shin, S.E.; Lee, H.].; Ko, K.S.; Choi, J.; Son, G.H.; Park, S.H. Molecular identification of forensically
important calliphoridae and sarcophagidae species using ITS2 nucleotide sequences. Forensic Sci. Int. 2018, 284, 1-4. [CrossRef]
[PubMed]

Guo, Y,; Caj, J.; Chang, Y,; Li, X,; Liu, Q.; Wang, X.; Wang, X.; Zhong, M.; Wen, J.; Wang, J. Identification of Forensically Important
Sarcophagid Flies (Diptera: Sarcophagidae) in China, Based on COI and 16S rDNA Gene Sequences. J. Forensic Sci. 2011, 56,
1534-1540. [CrossRef] [PubMed]

Buenaventura, E.; Pape, T. Revision of the New World Genus Peckia Robineau-Desvoidy (Diptera: Sarcophagidae). Zootaxa
2013, 3622, 1-87. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/d18070430


https://doi.org/10.1007/PL00006145
https://www.ncbi.nlm.nih.gov/pubmed/9060394
https://doi.org/10.7717/peerj.3516
https://www.ncbi.nlm.nih.gov/pubmed/28761780
https://doi.org/10.1002/ece3.6733
https://www.ncbi.nlm.nih.gov/pubmed/33072294
https://doi.org/10.1186/1471-2105-11-206
https://www.ncbi.nlm.nih.gov/pubmed/20420717
https://doi.org/10.22271/j.ento.2025.v13.i4c.9556
https://doi.org/10.11646/zootaxa.4114.1.6
https://www.ncbi.nlm.nih.gov/pubmed/27395114
https://doi.org/10.1007/s00414-009-0395-y
https://www.ncbi.nlm.nih.gov/pubmed/19997851
https://doi.org/10.1093/sysbio/sys037
https://www.ncbi.nlm.nih.gov/pubmed/22398121
https://doi.org/10.1371/journal.pone.0140636
https://www.ncbi.nlm.nih.gov/pubmed/26506007
https://doi.org/10.1016/j.forsciint.2017.12.017
https://www.ncbi.nlm.nih.gov/pubmed/29331679
https://doi.org/10.1111/j.1556-4029.2011.01882.x
https://www.ncbi.nlm.nih.gov/pubmed/21854377
https://doi.org/10.11646/zootaxa.3622.1.1
https://www.ncbi.nlm.nih.gov/pubmed/25320760
https://doi.org/10.3390/d18070430

	Introduction 
	Materials and Methods 
	Sample Collection 
	Sample Preparation and DNA Extraction 
	PCR Amplification, Purification and Sequencing 
	Sequence Analysis for Species Identification 

	Results 
	Morphological Identification 
	Similarity-Based Identification 
	Tree-Based Analysis 

	Discussion 
	Conclusions 
	References

