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Abstract
A male corpse was found in a park, located in an urban residential area in Taiwan. The insect data collected from this remain
shows that there was an unusual insect fauna on the corpse for an outdoor case. There were three features for the entomology
study in this forensic case. First, the fauna of the collected insects was more diverse than in other cases. Chrysomya rufifacies
(Macquart, 1842), Synthesiomyia nudiseta (Van Der Wulp, 1883), Chrysomya megacephala (Fabricius, 1794), Sarcophaga dux
(Thomson, 1869) and Fannia pusio (Wiedemann, 1830) were found on the corpse. The dominant species was S. nudiseta which is
usually found on indoor human corpse. It was the first case of larvae of S. nudiseta and F. pusio found on outdoor human remains
in Taiwan. Second, the Minimum Post-Mortem Interval (minPMI) was estimated to be about 10-14 days base on the developmental data of three species of fly, including S. nudiseta (pupae), C. megacephala (flies), S. dux (pupae). Third, fly artifacts were
found on the body and clothes, and those tiny spots were thought to be blood splatter patterns, which puzzled the investigators
and so they were not sure whther it was a suicide case. After careful examination, these spots were identified to be fly artifacts
and thus solved the confusing. Distinguishing between fly artifacts and bloodstain patterns is important for the crime scene investigation. It excluded the wrong information from the bloodstain-like spot (fly artifacts), allowing more attention on other evidence
analysis
Keywords: forensic entomology, complex insect fauna, synthesiomyia nudiseta, fannia pusio, post-mortem interval (PMI), fly
artifacts

Introduction
Forensic entomology has been applied to crime scene
investigations, such as the time or season of death, and
the location of remains. Before using insect information,
it is important to know the behaviors or life cycles of
insects. Environment and human activities also influence
the colonization behavior of insects on corpses. Some
species of flies can be found on both indoor and outdoor
corpses, but some can only be found on indoor or
outdoor corpses [1-3].
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The Calliphoridae family is known as an important
forensic fly family in outdoor areas, especially for Chrysomya rufifacies (Macquart, 1842) and Chrysomya
megacephala (Fabricius, 1794). They are usually
collected from human corpses found in suburban areas
and outdoors [2-4]. They are important forensic flies in
Taiwan and have been used to estimate the time of death
in forensic cases [5]. The Muscidae and Sarcophagidae
families are the common fly families found on human
corpses in indoor scenes and urban areas, and they usually feed on trash or leftovers of human [2,6,7]. Sarco-
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phaga dux (Thomson, 1869) is reported as an important
species in forensic entomology on human corpses [8].
Synthesiomyia nudiseta (van der Wulp, 1883) is the
only species under the genus Synthesiomyia (Diptera:
Muscidae). Some reports show that S. nudiseta is highly
eusynanthropic and has a strong preference for dense
human settlements, especial in urban areas [7,9]. The
larvae of S. nudiseta are always found indoors in human
corpses [2-4,10-14], except for one outdoor case found in
Spain [14].
This paper provides the information of complex
insect fauna on the corpse in an outdoor suicide case in
Taiwan, which is more diverse than that of other cases.
The insect data collected from the remains can be used
for the estimation of the reasonable min-PMI and the
speculation on the environment of death.

Case History
In November 2017, a young male corpse was found
in a park located in an urban residential area in Taoyuan,
Taiwan. The corpse was laying on the floor next to the
wall of the public toilets near the corner of the park (Fig.
1). It is an open-air space that few people notice. The
corpse was fully clothed, the head was covered with a
T-shirt, the body was covered with a carpet, and his legs
were covered with a plastic bag. A pistol was held by his
right hand with his thumb touching the trigger. The slide
of the pistol was held back and there were two bullets on
a magazine.

classified as a standard 9mm cartridge case, and it was
confirmed to be fired from the pistol by comparing the
marks of the bottom. The warhead did not have enough
marks for comparison. The GSR collected from the
muzzle, rifle bolt, and the right hand of the victim was
analyzed by energy-dispersive X-ray spectroscopy. The
results showed that the GSR contained metal elements,
including lead (Pb), antimony (Sb) and barium (Ba). The
same ingredients were detected from the cartridge case.
From those results, we speculated that the victim might
have held the gun with his right hand to shoot himself
closely.
The corpse was in the initial decay period. Two
wounds were found on his head. The entrance of the
gunshot wound was in the eyebrows and its exit was in
the hindbrain. The warhead was found in the exit wound
between the T-shirt and the head. According to the anatomy, the deceased got one shot closely by the pistol and
the bullet went through from his forehead to hindbrain.

Method and Material
The ambient temperature data was obtained from
the closest meteorological station in Taoyuan about 3.8
kilometers away from the scene. The average temperature during the two weeks before the case found was
22oC [15]. In this study, 22oC is used to estimate the
insect development time.
Numerous dead blowflies were found on the right
elbow inside the skin (Fig. 2). It is reasonable to believe
that dead blowflies were from the first wave of larval
eclosion. The live specimens were collected randomly
from the corpse by the investigators with tweezers and
then killed by boiled water after back to the office. The
specimens were preserved with 70% ethanol in glass
bottles. There were a total of 54 specimens collected in
this case.

Fig. 1 The position of the corpse at the scene (next to a
public toilet).
After investigation, the corpse was soon identified
through fingerprint comparison. A cartridge case was
found on the ground under bushes not far from the
corpse. The T-shirt that covered the head was completely
undamaged. The pistol was determined to be a converted
replica gun and it worked well. The cartridge case was

Fig. 2 Numerous dead blowflies were found on the right
elbow inside the skin of the corpse.

Fauna Found on Carcass

The morphological examination was carried out
with a stereomicroscope (M165C, Leica, Japan) according
to the key of insect identification reported by Sukontason et al. [16] and Velásquez et al. [17] Those specimens were separated into seven parts (Table 1). One
specimen was randomly chosen from each part for DNA
identification. One millimeter of the center part of each
larva and pupa was taken and put into the Master Mix
as the template for PCR amplification. A region of
mitochondrial cytochrome oxidase c subunit I (COI)
gene was amplified using primers C1-J-1718 (5’-GG
A G G AT T T G G A A AT T G AT TA G T T C C - 3 ’ ) a n d
TL2-N-3014 (5’-TCCAATGCACTAATCTGCCATA
TTA-3’) [18]. The other primers were LCO1490 (5’GGTCAACAAATCATAAAGATATTGG-3’) and
HCO2198 (5’-TAAACTTCAGGGTGACCAAAAAAT
CA-3’) [19]. The respective sites of two primer sets in
the position of the DNA fragment were shown in Fig. 3
[20]. First primer set (C1-J-1718 and TL2-N-3014) was
used to amplify DNA for species identification and found
that it could not identify all species, so the second primer
set (LCO1490 and HCO2198) was added to identify F.
pusio and to reconfirm the identification results that were
done by first primer set.

Fig. 3 T
 he sites of both primer sets in the map of the COI
gene region.
The Thermo Scientific Phire Tissue Direct PCR Master Mix (Thermo Fisher Scientific) kit was used for PCR
reaction and the samples were put into the solution without DNA extraction according to the manufacturer’s
instructions. Automated DNA sequencing was performed on an ABI 3100 sequencer with the ABI PrismTM
BigDyeTM Terminator Cycle Sequencing Ready Reaction Kit version 3.1 (Applied Biosystems, Foster City,
CA, USA) according to the manufacturer’s recommendations for both forward and reverse DNA strands.
The DNA sequence chromatograms were edited using
BioEdit v7.2.5 [21] and ContigExpress in the Vector
NTI Advance v10.3 (Invitrogen, USA) to remove the
sequences of primers and to eliminate discrepancies
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between overlapping sequence data. The length of two
PCR DNA fragments was 1200 and 658 bp respectively.
The COI sequences obtained were then used to compare
with the Diptera sequences from the National Center
for Biotechnology Information (NCBI) database by
Nucleotide Basic Local Alignment Search Tool (BLA
STN) function for species identification.

Results and Discussion
A total of five insect species were identified through morphology and molecular biology. They were C.
rufifacies, S. nudiseta, C. megacephala, S. dux and F.
pusio. The dominant species in the corpse was S. nudiseta.
The stage and number of the collected insects are shown
in Table 1.
C. megacephala and C. rufifacies are known as the
indicated forensic fly species for PMI estimation. They
are usually the first colonizers in the body without much
delay after the death of an animal. Based on the data of
Yang et al. [22], it takes 157-179 hours (6-7 days) from
egg hatching to pupariation and 299-322 hours (12-13
days) from egg hatching to eclosion for C. megacephala
at 22oC. Since dead blowflies were observed under the
skin, which indicates that the second generation flies
were eclosed, the reasonable minPMI value would be 1213 days.
Based on the data of Al-Misned, the developmental
time of S. dux from egg to pupariation is approximately
9-12 days at 22℃, which is preliminary estimated by the
interpolation of the data of 20℃ (8-11 days) and 24℃
(10-13 days) [23]. However, according to our simulation
experiment, putting pork on a balcony in an urban
residential area has a delay about 2 days, therefore the
min-PMI should be 11-14 days with the delay of S. dux
considered.
The developmental time of S. nudiseta from egg
hatching to pupariation is 8-10 days according to the Isomorphen-diagram of Velásquez et al. [14] regardless of
the delay in arrival time. Unfortunately, we do not have
the data of the delay time of S. nudiseta. It was reported
as a later colonizer [24] and noticed to have similar
behavior to that of flesh flies [7], so the delay time should
be considered. We estimate that the minPMI of the case
should be about 10-12 days if two days delay was added.
Two days’ delay time was assumed by observation that
the behavior of S. nudiseta is similar to that of flesh flies.
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Table 1 The insect samples collected from the corpse and its species identified by DNA sequencing.

Species

Stage

C. rufifacies

3rd
Larva

Number

Length (mm) Query cover

Identity (a*)
99%

8

14-16

100%

(1197/1200)

100%

(658/658)

100%

3rd
Larva

4

13-14

100%

(1200/1200)

100%

(658/658)

C. megacephala

99%

Pupa

2

9

100%

(1199/1200)

99%

(657/658)

100%

3rd
Larva

29

13-16

100%

(1200/1200)

100%

(658/658)

S. nudiseta

99%

Pupa

2

7

100%

(1199/1200)

100%

(658/658)

100%

S. dux

Pupa

4

8-10

100%

(1200/1200)

100%

(658/658)

no match
F. pusio

Pupa

5

4-6

100%

100%

(658/658)

Accession No.
JN228998.1
KY001858.1
KT272865.1
MF695706.1
KT272865.1
MF695706.1
EU627713.1
MF695706.1
EU627713.1
KY001858.1
EF405938.1
EF405938.1
no match
KY511215.1

a*: The COI sequences obtained were used to compare with the Diptera sequences from National Center for Biotechnology Information (NCBI)
database by Nucleotide Basic Local Alignment Search Tool (BLASTN) function for species identification.

Overall, based on the data of insect developmental
time of S. nudiseta (pupae), C. megacephala (flies), and S.
dux (pupae), we concluded that the reasonable minPMI
was approximately 10-14 days. The PMI estimated by
the police investigation is less than two weeks, probably
in the range of 10-11 days, which is close to this entomology data.

The developmental time of C. megacephala is usually relatively accurate in the PMI estimation in the early
stage of outdoor decay, since they are usually the first
colonizers in the body without much delay after the death
of an animal. On the other hand, the families of Muscidae
and Sarcophagidae are indicator species of PMI in urban
or indoor cases. Since a complex insect fauna was found

Fauna Found on Carcass

on this corpse, we could combine the data of S. nudiseta
(pupae), C. megacephala (flies) and S. dux (pupae) for
double miniPMI checking. The results show that they are
close.
From the insect dada collected, we speculat that C.
megacephala family was the first colonizer to reach the
corpse in the fresh period after the death of the deceased.
About two days later, S. nudiseta and S. dux came to the
covered part of the corpse and gradually replaced the
blowfly, becoming the dominant species in the decay
period. There were a total of five species collected in
this study, which is much more complex than the usual
outdoor case [2,3]. The insect samples collected from
the corpse showed that it had both indoor and outdoor
as well as urban and suburban environments. It might be
because the corpse was located in both urban (residential
area) and suburban (park) environments and was openair and close to a building. Both indoor and outdoor
insects were attracted to the human remains.
S. nudiseta is known to be related to the human living
environment, so S. nudiseta is considered an indicator
species in indoor cases. However, the park is located
in an urban residential area. In addition, the corpse was
covered by virous objects to form a closed environment,
which attracted adult S. nudiseta flies to lay eggs on
the corpse. Velásquez et al. [14] reported a case that the
larvae of S. nudiseta appeared in an outdoor case. In
that case, the victim was wrapped in a blanket, and the
environment was similar to our case. This report provides
the first example of the larvae of S. nudiseta found on
outside human corpses in Taiwan. From this result, we
concluded that the larvae of S. nudiseta might be found
indoors or on corpses that are wrapped .
The life cycle of C. megacephala is shorter than
S. dux and S. nudiseta. If C. megacephala have been
emergence in the scene, it is difficult to predict the time
of death of the corpse. By using life cycle of S. dux and
S. nudiseta, we could predict the time of death more
accurately when the PMI is longer. With the development
of urbanization and human life, the application of S.
nudiseta and S. dux in forensic ento-mology will become
more and more important in the future. Besides, it is
the first report for F. pusio found in human corpses in
Taiwan. F. pusio was found in a suicide case in Brazil
as well. The corpse was partially hanged on a tree in
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shrubs. The body was in the initial decay period, which
was similar to this case [25]. F. pusio might be a useful species for forensic entomology in early death investigation. The habits and developmental time of F. pusio
need further study.
In this case, many tiny spots were found on the
body and clothes (Fig. 4). These spots were thought to be
blood splatter patterns in the beginning of investigation.
It is unreasonable to detect blood splatters on the
opposite side of the right hand, which was supposed to
hold the gun to shoot himself. Therefore, it was difficult
for us to conclude that it was a suicide case in the early
stage of investigation. Further inspection revealed that
most of these spots were within 3mm in diameter. Some
of the colors were light brown, which is different from
the color of dried blood. It was found that the shapes
of spots to be round, irregular or tadpole-like. It lacked
directionality and seemed to be randomly distributed, so
it was diffi-cult to reconstruct the source of blood [26].
After care-fully examination, these spots were confirmed
to be fly artifacts, which might be formed by fly feces and
regurgitation deposits. The spattered bloodstains caused
by gunshots usually have directionality and concentrated misty. To distinguish between the fly artifacts
and bloodstain patterns is important for crime scene
investigators, who could exclude the false information
from blood-like staining (fly artifacts) and collect the
real bloodstain patterns for analysis [27]. The fly artifacts
have shown widely different type of shapes, size and
color depend on the fly species, diet and surfaces. It is not
easily to be distinguished only depend on the pattern of
single spot [28]. The more factors should be considered,
like reasonable source of blood, the distribution of spots
and insect activities in the scene. Crime scene investigators might observe blood spatters and/or fly artifacts
at the crime scene, so distinguishing between fly artifacts and bloodstain patterns is important. It would
prevent spending too much works on the false splattered
bloodstain analysis.
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4a

4b

4c

4d

Fig. 4 The fly artifacts found on the right hand (4a, 4b) and on the T-shirt that covered the head (4c, 4d).

Conclusions
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