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Simple Summary: This paper reports a case in which the minimum postmortem interval (PMI) of
two corpses, a man and a woman, and two dog carcasses at the same scene was estimated using
forensic entomology. The corpses were found in various states of decay and had been colonized
by different insect species. A total of eight taxa of immature insects were isolated from the four
corpses and carcasses. The minimum PMIs were estimated to be about 8.75 days for the corpse of
the woman, 4.17 days for that of the man, 3.13 days for the dog carcass found in the stairwell, and
about 28.80 days for the dog carcass found in the toilet. These estimations were consistent with other
evidence. Although the soft tissue loss observed on the man’s corpse was more severe than that of
the woman’s corpse, the woman had died much earlier than the man. The discrepancy is thought
to have been caused by dogs’ feeding activity. This case report provides a reference point and new
perspectives for forensic entomology research on estimating the minimum PMIs of multiple human

corpses and animal carcasses found in an indoor environment.

Abstract: In this paper, we report the estimation of the minimum PMIs of two human corpses and
two dog carcasses using entomological evidence. Corpses of an elderly couple and carcasses of four
dogs were found scattered on different floors in a house. The scene was very dirty. In addition, there
were 12 emaciated live dogs at the scene. The corpses had been eaten by the dogs to different degrees,
but the damage was greater on the man’s corpse. After forensic examination, it was concluded
that both individuals died of natural causes. The minimum PMIs of the two individuals and the
two dogs were estimated using entomological evidence. The minimum PMIs of the other two dogs
were not estimated because of the risk of contamination with the human corpses. Different insect
species were found on each of the corpses and carcasses. The minimum PMIs were estimated as
about 8.75 days for the woman, 4.17 days for the man, 3.13 days for the dog found in the stairwell
and about 28.80 days for the dog found in the toilet. These estimations coincided with the time the
woman stopped communicating with her daughter and when the electricity consumption at the
house decreased significantly.

Keywords: forensic entomology; minimum PMI; multiple human corpses; dog carcasses

1. Introduction

Medicocriminal entomology, one of the three principal areas of forensic entomology,
mainly utilizes the growth and development stage as well as the succession of significant
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insects and arthropods to estimate the postmortem interval (PMI) [1]. Based on the devel-
opment data of Calliphoridae, Sarcophagidae, Muscidae, Stratiomyidae, and certain beetles
isolated from corpses, the minimum PMI can be calculated [2]. Many factors, including
temperature, relative air humidity, and exposure to the sun and rain, affect the development
of necrophagous insects and the decay rate of corpses [3].

Cases involving forensic entomology are complex and diverse. Forensic scenes may
be indoor, outdoor, in water, etc., and the condition of corpses also differs and may include
being exposed, wrapped, buried, intact, or dismembered [4,5]. Different scenes and corpse
conditions have variable effects on insect evidence, and each case is unique. Hence, it is
considered important to report each case because it can provide a reference point for future
investigations of similar cases. To date, numerous classic cases of successful application of
forensic entomology have been reported worldwide [6-10]. These cases not only provide
references for the application of entomology but also provide insights for further research.

Forensic entomology can not only be used to estimate the minimum PMI of human
corpses but also the minimum PMI of wild animals and pets [11-14]. Since most of the
forensic entomological succession and insect development experiments are carried out on
animal carcasses or tissues, the methods developed in such research can readily be used
to estimate the minimum PMI of animals. In addition, comparative experiments have
illustrated that the insect fauna of human and animal corpses does not differ considerably.
Also, the composition of arthropod species on corpses or carcass is similar, and the stages
of colonization follow the same pattern [15,16]. Thus, entomological research methods may
be applied in veterinary medicine to determine the time of death of animals [15]. Dogs are
the pets most commonly kept by human beings. With the development of society, there are
more and more people living alone, especially the elderly population. As such, most of
them keep dogs as companions. If the death of a pet owner goes unnoticed, the domestic
pets are left unattended. Because of hunger, the pets may feed on the corpses of their
owners and may eventually die if not saved on time [17]. In such cases, the influence of
pets on the decomposition of the corpses should be considered, and sometimes, the time of
death of pets should also be estimated [18]. Case reports in the above special conditions are
extremely important and their use can promote forensic entomology constantly evolving
and growing.

This paper presents the case of two human corpses and carcasses of four dogs. The
corpses and carcasses were found in different states of decomposition and colonized
by different insect species. In addition, the activities of 12 surviving dogs at the scene
were apparent and significantly impacted the state of the corpses or carcasses and the
environment. We estimated the minimum PMIs of the corpses of the two people and
carcasses of the two of the four dogs. This case not only focuses on an estimation of the time
of death but also demonstrates the presence of specific insects on the corpses or carcasses
under certain circumstances.

2. Case Report
2.1. Case Description

On 22 July 2021, two human corpses and four dog carcasses were found inside a three-
story residential house in Zhongshan City (22°30'59.33"” N, 113°23'33.92" E), Guangdong
province. The windows of the house were partially closed. The corpse of the woman was
on the floor beside the bed in the bedroom on the second floor, laying in a supine position
(Figure 1a), and was in a state of high decomposition with a skeletonized head and swollen
abdomen. The feet were missing, and based on the bite mark, were thought to have been
eaten by dogs. The corpse of the man was found on the ground, at the turn of a set of
stairs between the first and second floors (Figure 1b). The corpse had also been partially
eaten by dogs, but the head had completely detached. Only the bones remained of the
upper limbs, and the tissues of the buttocks and legs were missing. Neither corpse was
dressed. The carcass of one of the dogs was found near the man’s corpse (the black circle in
Figure 1b, not evaluated for PMI); two other carcasses were found in the living room on the



Insects 2022, 13,215

30f10

first floor (Figure 1c). Since the carcass of the other dead dog was not estimated, it is not
shown or discussed in this report. The fourth carcass was found in the toilet on the second
floor and had completely decomposed (Figure 1d). Besides the four dead dogs, 12 live but
emaciated dogs were found at the scene. The rice in the house had been eaten by the dogs.
The toilet on the second floor was leaking, and a plastic bucket used to collect the leaking
water was full and could be accessed by the dogs. The house was very dirty and stuffy,
with household waste and dog feces scattered all over. The man was 73 years old, whereas
the woman was 67 years old. A police investigation revealed that both individuals had
died from natural causes, which ruled out the possibility of homicide or suicide. The police
collected insects from both the corpses (Figure 1a,b) and carcasses (Figure 1c,d), which
were then identified at the Laboratory of Forensic Entomology of Soochow University. The
developmental stage of the insects was also estimated (Figure 2 and Table 1).

Figure 1. Overview of forensic scene: (a) Woman corpse; (b) Man corpse (red circle) and the carcass
of one of the dogs (black circle); (c) Carcass of a dog on the first floor; (d) Carcass of a dog in the toilet
on the second floor.

Table 1. The insects isolated on the corpses of the couple and two dog carcasses. The minimum PMIs
were estimated as about 8.75 days for the woman, 4.17 days for the man, 3.13 days for the dog found
in the stairwell and about 28.80 days for the dog found in the toilet.

Corpses or Development Stage
P Family Insect Species (Number of the Indicator Minimum PMI
Carcasses
Samples)
Wandering larvae with
Calliphoridae Chrysomya megacephala ~ Larvae, 3rd instar (15) shorten body which is 100 h (417 d) [19]
about to pupation
Corpse of :
.y . The maximum larval body "
the woman Chrysomya nigripes Larvae, 3rd instar (11) length is 11.68 mm 210 h (8.75d) [*]
. . Larvae, 2nd instar (3),  The maximum larval body
Muscidae Musca domestica 3rd instar (10) length is 11.22 mm 70 h (2.92 d) [20]
Wandering larvae with
Corpse of the man Calliphoridae Chrysomya megacephala ~ Larvae, 3rd instar (16) shorten body which is 100 h (417 d) [19]

about to pupation
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Table 1. Cont.
Corpses or Development Stage
C P Insect Species (Number of the Indicator Minimum PMI
arcasses
Samples)
Musca domestica Larvae, 2nd instar (2),  The maximum larval body 70 h (2.92 d) [20]

3rd instar (9)

length 10.91 mm

Dog carcass in

. . . The maximum larval body
the stairwell Calliphoridae Chrysomya megacephala ~ Larvae, 3rd instar (20) length is 15.26 mm 75h (3.13 d) [19]
Dog carcass in Chrysomya megacephala  Larvae, 3rd instar (11) The maximum larval body 71h (296 d) [19]
the toilet rysontya megacep ’ length is 14.10 mm ’
. . .. Larvae, 3rd instar (10; .
Calliphoridae Chrysomya nigripes Puparia (3) Dark puparia /
Chrysomya rufifacies Larvae, 3rd instar (10) The maximum larval body 107 h (4.46 d) [19]
’ length is 12.79 mm )
L Larvae, 2nd instar (3), = The maximum larval body
Hydrotaca spinigera 3rd instar (13) length is 12.07 mm 0h@E75d)[19]
. . Pupae (8); .
Meguaselia spiracularis Empty puparia (5) Empty puparia 273 h (11.38 d) [21]
. . The maximum larval body
Sarcophagidae NI Larvae, 3rd instar (3) length is 17.31 mm /
Stratiomyidae Hermetia illucens Larvae, 3rd instar (6); Pre-pupae 691 h (28.80 d) [19]

Pre-pupae (3)

s

represents unpublished data (Supplementary Figure S1), and “NI, species not identified” and “/, minimum
PMI not determined”. Minimum PMI estimated based on literature and data shown in the Supplementary
Figure S1.

Ny
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Figure 2. Insects found on corpses and dog carcasses: (a) on the woman corpse; (b,c) on the man
corpse; (d) on the dog carcass on the first floor; (e f) on the dog carcass in the toilet on the second floor.
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2.2. Meteorological Data

According to a nearby weather station, the total average temperature ten days before
the corpses were discovered was 28.9 °C. It rained every day. The highest daily rainfall
was 117.2 mm, and the average daily rainfall was 27.8 mm. The changes in temperature
and precipitation 30 days before the discovery are shown in Figure 3. Within this period,
the lowest temperature was 24.0 °C, whereas the highest temperature was 35.4 °C. The
average temperature over 30 days was 29.1 °C. The indoor air conditioner was off.
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Figure 3. Daily temperature and precipitation change from 22 June 2021 to 21 July 2021.

2.3. Insect Evidence and PMI Estimation

Insect samples were collected from the scene according to the method described by
Amendt et al. [22] and were examined immediately in the laboratory (within 2 h). The
woman’s corpse had been colonized by three insect species, whereas only two insect species
were isolated from the man’s corpse. Only one insect species had colonized the dog carcass
in the stairwell, whereas six insect species were identified and one of Sarcophagidae not
identified had colonized the dog carcass in the toilet. Briefly, the larvae were placed in hot
water >80 °C for 30 s and then stored in 75% ethanol. Larger individuals were selected
by visual judgment. The body length of the larvae was measured using a digital vernier
caliper with an accuracy of 0.01 mm (Shengong, Shanghai). The 8 taxa of immature insects
collected from the corpses and carcasses were identified according to Fan's identification
key [23], other recently published keys [24,25], and references [19,26-29]. All the insects
belonged to the order Diptera (Table 1). The specific insects on each corpse and carcass are
shown in Table 1 and Figure 2. The method and data of every insect species to estimate the
minimum PMI of two human corpses and two dog carcasses can be seen in Supplementary
Figure S1.

The minimum PMI was estimated using the oldest insects. The maximum length of
Chrysomya nigripes Aubertin (Diptera: Calliphoridae) larvae isolated from the woman’s
corpse was 11.68 mm and according to unpublished data from our laboratory, its develop-
ment time is about 210 h (8.75 days). Considering that the development time of C. nigripes
was the longest, it was used to estimate the minimum PMI. Accordingly, the minimum PMI
of the woman’s corpse was about 8.75 days.

The Chrysomya megacephala (F.) (Diptera: Calliphoridae) isolated from the man corpse
was shortened and about to pupate. At 28.9 °C, according to the development data by
Wang [19], the time required by the insect to develop from egg to the shorten pre-pupation
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stage is 100 h. When used as the indicator insect, the minimum PMI of the man corpse was
estimated not to be less than 100 h (4.17 days).

The larvae of C. megacephala were found on the dog’s carcass on the first floor. They
were 15.26 mm long and according to the development data by Wang [19], a developmental
time of 75 h (3.13 days), the minimum PMI of the dog was estimated not to be less than 75 h
(3.13 days). Many insect species were isolated from the dead dog in the toilet on the second
floor. According to the development data by Wang [19], it takes about 691 h (28.80 days)
for the Hermetia illucens (L.) (Diptera: Stratyiomidae) larvae to develop from an egg to
pre-pupae. Thus, H. illucens was used as the indicator insect for the minimum PMI of the
dog, which was estimated to be about 28.80 days.

2.4. History of the Couple

Both the man and the woman suffered from various senile diseases and cognitive
impairment. The man was paralyzed and, thus, mostly bedridden. He depended mainly
on the woman. The couple had adopted 16 local Chinese rural dogs (Tugou). The daughter
of the woman had sent her money through the mobile phone on July 12th. Thereafter,
there was no contact between the woman and her daughter or other people outside the
house till the corpses were discovered, which coincided with our estimated minimum PML
In addition, the electricity consumption on the smart meter at the premise was generally
2-3 units per day but decreased to only 0.26 units/day after July 12th (Table 2). This
indicates that the household appliances were not used after this date, consistent with our
estimation of the time of death. The mobile phone of the man was found under the bed of
the woman. The police speculated that the man could not find the mobile phone to call
for help after the death of the woman, and he subsequently died of illness, neglect, and
starvation. The samples in 75% ethanol are kept at the evidence Appraisal Room of the
Criminal Police Branch, Zhongshan Public Security Bureau, and the 12 surviving dogs
were euthanized by the police.

Table 2. Electricity consumption data on the smart meter at the dead couple’s home.

D Electric Meter Initial Electric Meter End Daily Electricity
ate .
Value Value Consumption

14 June 2021 5542.26 5545.46 3.2
15 June 2021 5545.46 5547.77 2.31
16 June 2021 5547.77 5550.86 3.09
17 June 2021 5550.86 5553.78 2.92
18 June 2021 5553.78 5556.67 2.89
19 June 2021 5556.67 5560.17 3.5
20 June 2021 5560.17 5563.25 3.08
21 June 2021 5563.25 5565.27 2.02
22 June 2021 5565.27 5567.8 2.53
23 June 2021 5567.8 5569.68 1.88
24 June 2021 5569.68 5572.1 242
25 June 2021 5572.1 5575.9 3.8
26 June 2021 5575.9 5578.32 242
27 June 2021 5578.32 5580.47 2.15
28 June 2021 5580.47 5583.61 3.14
29 June 2021 5583.61 5585.68 2.07
30 June 2021 5585.68 5587.99 2.31

1 July 2021 5587.99 5589.8 1.81

2 July 2021 5589.8 5592.18 2.38

3 July 2021 5592.18 5595.23 3.05

4 July 2021 5595.23 5597.88 2.65

5 July 2021 5597.88 5601.16 3.28

6 July 2021 5601.16 5603.78 2.62

7 July 2021 5603.78 5606.39 2.61

8 July 2021 5606.39 5608.1 1.71
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Table 2. Cont.

Electric Meter Initial Electric Meter End Daily Electricity
Date .
Value Value Consumption
9 July 2021 5608.1 5610.37 2.27
10 July 2021 5610.37 5612.7 2.33
11 July 2021 5612.7 5614.18 1.48
12 July 2021 5614.18 5614.44 0.26
13 July 2021 5614.44 5614.71 0.27
14 July 2021 5614.71 5614.97 0.26
15 July 2021 5614.97 5615.23 0.26
16 July 2021 5615.23 5615.5 0.27
17 July 2021 5615.5 5615.77 0.27
18 July 2021 5615.77 5616.03 0.26
19 July 2021 5616.03 5616.3 0.27
20 July 2021 5616.3 5616.58 0.28

3. Discussion

Herein, we report the use of forensic entomology to estimate the minimum PMI. The
home of the deceased persons had no surveillance cameras. The case raised the question
of both the police and family members, given the mystery surrounding the death of the
couple. After ruling out any criminality, accurate estimation of PMI became important in
revealing events in the buildup to the deaths of the couple. According to the estimated
minimum PMI and other physical evidence, we can make the following assumptions about
this incident: the woman fell ill and died, and the man, being disabled, couldn’t find a
phone to call for help. After four days, the man also fell ill and died because he was left
unattended. After the man and the woman died, the fifteen dogs trapped in the house
initially ate the rice since their owners had previously fed them rice. The dogs also drank
water from the toilet. After finishing the rice, the dogs began to feed on the corpses of the
man and woman. In this case, two human corpses and four dog carcasses were found at the
same scene. The dog in the toilet had entered an advanced stage of decay, and its minimum
PMI indicated that it died while the owners were alive. This dog likely died of illness, and
the carcass was not disposed of because the owner was cognitively impaired. The other
three dead dogs, although very thin, did not starve to death but were seriously injured and
died in the process of competing with other dogs for food. The man had been eaten by the
dogs more severely than the woman. Analysis showed that the dogs fed on the corpse of
the man first, and the bloody smell caused by subsequent physical injuries attracted the
dogs to feed on the man’s corpse mainly. To our surprise, the living dogs did not feed on
the carcasses of the dead dogs [30].

Although located in the same building, different insect compositions appeared on
different corpses. The larvae of C. megacephala, Musca domestica L. (Diptera: Muscidae),
and C. nigripes were found on the corpse of the woman, and the larvae of C. megacephala
and M. domestica were found on the corpse of the man. Only the larvae of C. megacephala
were found on the carcass of the dog on the first floor. Most insect species were discovered
on the dog carcasses on the second floor, including the immature stage of C. megacephala,
C. nigripes, Chrysomya rufifacies (Macquart) (Diptera: Calliphoridae), Hydrotaea spinigera
(Stein) (Diptera: Muscidae), Megaselia spiracularis Schmitz (Diptera: Phoridae), H. illucens
and an unidentified Sarcophagidae species. The longer the estimation of minimum PMI,
the greater the variety of insects, with six species of insects appearing on the remains of the
dog on the second floor. This may be related to the different PMls and the locations of the
corpses in the building. Different insects colonize corpses at different time points. During
the period after death, insects would gradually be attracted by the smell, and the number
and species of insects on the corpse would subsequently increase [31]. No beetles were
found on the corpses at the scene, which might be related to the heavy rainfall during the
time of the incident. In addition, the insect species identified on the corpses of the humans
and the dog found on the first floor of the building were fewer; the reason for this may
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be that the surviving dogs were constantly moving around the corpses, thereby affecting
the colonization of insects. Not only will the constant activities of dogs affect the insect
oviposition activity, but the dogs may also eat the corpse tissues infested with maggots.

The insects found at the scene of this case are species commonly found on corpses,
and all of these species were reported in the succession experiments undertaken in the
area where the incident happened [15]. According to data from our many years of field
succession research [15], in the summer in this region, C. megacephala and C. rufifacies
are the first wave insects to reach a corpse, while C. nigripes and Hy. spinigera colonize
corpses and lay eggs on the 2nd-3rd day, which is consistent with Malaysian research
reports [32]. In this case, the colonization time of C. megacephala and C. rufifacies was later
than that of C. nigripes, and the reason for this needs further investigation. Compared with
the Calliphoridae, Phoridae is relatively small and can therefore easily enter a room [33].
Adults of Phoridae prefer a humid environment, such as rotten plants, animal corpses,
flowers, fungi, etc., and their larvae feed on decaying substances, such as animal carcasses,
decaying plant material, and animal excrements [24]. In addition, they are one of the
most common flies found on corpses and animal carcasses indoors [34]. In the present
case, this was proved by the appearance of Me. spiracularis. Musca domestica is a species
ecologically associated with human beings, which mainly appears on livestock farms, dung
yards, household waste stations, etc., and is occasionally found during the entomological
examination of indoor cases. Many case examinations and succession studies have shown
that the adult housefly will appear on corpses, but its reproduction on carcasses has rarely
been reported. Also, it is usually isolated from indoor corpses in dirty conditions [20,35,36].
In the present case, the M. domestica larvae were found on both the man and woman corpses,
and the main reasons were the poor sanitary conditions at the scene, with a large amount of
household waste and dog feces, which encourages M. domestica to reproduce and colonize
corpses. According to our research, H. illucens is often the last wave of insects to reach a
corpse [15]. In the present case, the larvae of H. illucens were found only on the carcass of
the dog found in the toilet, suggesting that this carcass had the longest minimum PMI.

Even for the owners who feed and take care of their pets, pets will feed on the
corpses of their owners after death in response to extreme hunger, as has been reported
previously [17]. Similar to our case, three of the cases reported by Sanford [18] involved
an indoor forensic scene of dead humans and animals. The minimum PMIs of both the
corpses and carcasses were estimated using insect evidence. However, the cases reported
by Sanford differ from our case in a way. For instance, our case is more complex, involving
two human corpses and two animal carcasses. Contrary to our case, the number of species
on human corpses was more than on the carcasses. The reason for this difference may be
that in all the three cases reported at Sanford [18], the owners’ minimum PMI was earlier
than the pets, whereas in our case, it is presumed that the minimum PMI of the dog in the
toilet may have been earlier than that of the man and woman corpses. Therefore, the earlier
the minimum PMI of the corpse, the more insect species that are attracted.

In the present case, the minimum PMIs of two human corpses and two dog carcasses
were successfully estimated according to the entomological evidence. The minimum PMIs
were calculated according to the meteorological temperature, which was a limitation to
the estimation of the minimum PMI in this case. Considering that maggots near corpses
may crawl to feed on other corpses and complicate the minimum PMI estimation, we
did not calculate the minimum PMI of dogs near the man corpse. To take this factor into
account when calculating this minimum PMI, we would first use DNA-based analysis
of the stomach contents of the maggots to determine their original host before carrying
out the calculation [37]. In addition, although maggots on the man’s corpse may have
come from the dog carcasses, the man died earlier than the dogs, and we calculated the
minimum PMI based on the oldest immature insects, so there was no influence on the
estimation of the minimum PMI. At the same time, this case also suggests that research
on forensic entomology should focus on minimum PMI estimates for corpses located
indoors. In subsequent research, we should pay attention to two key points. Firstly,
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we should determine whether there is cross-contamination between insect evidence on
different corpses in the same room. Secondly, since many of the corpses at the same scene
died successively, we should determine whether the insect succession wave on the corpse
that died first will be influenced by the insects present on the corpses where the death
occurred later.

4. Conclusions

In the case described, two human corpses and two animal carcasses were found at
the same scene, and the composition of insects associated with the remains was different.
Dogs had mutilated the corpses and interfered with the scene. We used the insect with the
longest development time on each corpse and carcass to estimate minimum PMI. Thus,
the estimation of the minimum PMI for several corpses and carcasses also differed. But
these estimations were convincing based on the time when communication between the
woman and her daughter stopped and when the electricity consumption at the house
decreased considerably.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/insects13020215/s1. File S1: The method and data of every
insect species used to estimate the minimum PMI of two human corpses and two dog carcasses.
References [38—41] are cited in the supplementary materials.
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