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In homicide cases, knowledge about time of death is important as it directs police investigation towards the
discovery of authorship, including or excluding suspects of a crime, and determining nature of death. In Brazil,
entomological evidenceis stillneglected by official forensic organizations and for thisreason cases usinginsects
to estimate post-mortem interval (PMI) are still rare. Dipteran specimens collected and analyzed by the staff of
Criminalistics Institute (CI) from Sdo Paulo State, Brazil, madeit possible to elucidate circumstances of the death,
including suspects to the crime scene, in five occurrences involving discovery of cadavers. In all cases, blowflies
were collected and were identified as belonging to species Chrysomya albiceps (Wiedemann, 1819), Chrysomya
megacephala (Fabricius, 1794), Chrysomya putoria (Wiedemann, 1830), Hemilucilia semidiaphana Rondani, 1850
and Lucilia eximia (Wiedemann, 1819) (Diptera: Calliphoridae), while only in one case Sarcophagidae (Diptera)
flies were also collected. PMI estimate was calculated taking into account laboratorial developmental rate data
of mentioned species on the environmental temperature on which bodies and insects were exposed, along
with comparisons to field research previously conducted in those areas. Based on larval age and behavior, the
course of the investigation had changed, pointing to the crime author (case I), as well as the nature of the crime
(cases I-11l) and associated suspects to the criminal act (cases IV-V). Results show how promising is the use of
entomological evidence during investigations of violent deaths.

Introduction

One of Forensic Entomology major contributions to legal purposes is the use of
ecological and developmental data of necrophagous insects to estimate post-mortem
interval (PMI) in crime investigations [1,2], allowing investigators to include or exclude
probable suspects as authors of a homicide [3], or defining the manner of death that
can be at first unknown or doubtful.

In Sao Paulo state, Brazil, processing of crime scenes related to violent death occurs
in two steps. The first consists on an exam done by the crime scene investigator from
Criminalistics Institute (CI) and involves evidence collection from the scene itself as
well as information about position of the body and its external wounds. During this
process, not only characteristics of the scene and its adjacent areas are obtained, but
also collection of all material evidence such as biological stains, fire gun projectiles,
fingerprints or any other element that can be useful to determine materiality, cause or
authorship of the crime.
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The second step takes place when the corpse is taken to Medico Legal Institute
(MLI), when the medical officer can perform an autopsy with the objective to describe
body physical characteristics, place, type and orientation of internal and external
wounds, in order to establish the cause of death. Summarizing, entomological evidence
can be obtained in one of the two steps: by CI officers during scene processing or by MLI
officers during autopsy. Transportation of the cadaver from crime scene to MLI could
represent a risk of losing some of the necrophagous fauna, mainly post feeding larvae
(those that migrate spontaneously to pupate) and pupae, so it is highly recommended
to collect them during crime scene exam. Moreover, while in the crime scene, it is still
possible to register insects’ behavior, in and around the corpse, adding information to
PMI estimate.

Although the proved utility of entomological specimens in solving crimes [4-30],
such evidences are still neglected during crime scene exam and autopsy in Brazil.
Probably, it is due to the lack of knowledge about the importance of entomological
evidences and disclosure about its applications, justifying why case reports using
insects to estimate PMI are still rare in the country [31-36]. In order to show real
possibilities for using entomological evidence in police investigations, we present
here five cases attended by CI and MLI officers from three cities from Sao Paulo State,
Southern Brazil. In these cases, crime scene and autopsy exams were enriched by
analysis of Diptera from decomposing corpses, allowing elucidation of circumstances
of the death, including suspects to the crime scene.

Practice process

When present in the crime scene, adult flies were collected using an entomological
net, then transferred to a killing jar containing ether as toxic agent [37]. Collected
specimens were taken to the laboratory and identified based on morphological
characteristics described in identification keys [38-40].

Larvae were collected from cadavers using forceps and taken to the lab for
identification [41] and estimation of PMI [16]. In each case, some larvae were
transferred to vials containing 70% ethanol, being kept permanently as a testimony
in the Laboratory of Integrative Entomology at UNICAMP. The other part of the
specimens was collected and transferred to vials containing raw meat and were
brought alive to laboratory, then were weighted and had their larval instar observed
under stereoscopic microscopy. After that, they were kept in screened plastic cages
containing artificial diet [42,43], and maintained in a controlled-temperature room at
25+1°C, 60%*10% relative humidity and a 12-h photoperiod. When larvae reached
the post-feeding stage, they were transferred to another vial containing sawdust for
pupation. Emerged adults were identified [38-40]. Environmental data (temperature
and humidity) was obtained from the nearest weather station in the scene or measured
with a digital thermometer.

Cases Report

Case |: Natural Death or Homicide?

A body of a 58 years-old woman was found lying on her ventral side near a bed
inside a house located in the urban area of the city of Franca, Sdo Paulo State, Brazil.
She was in decay stage of decomposition (Figure 1A-C), without any apparent external
wounds that could indicate violence detention, nor any sign of breaking into door or
windows. According to information gathered in the scene, the victim lived alone. Based
on the post mortem events, the medical officer estimated PMI in seven days. Absence
of apparent injuries, associated to heart disease history of the victim, led the officers
to conclude the case as a natural death, fact not proven by anatomopathological
observations. Facing these doubts, an exhumation of the body was done a few weeks
later to check cause and means of death, which led to a police inquiry to elucidate these
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facts and reviewing new details. During the crime scene analysis, the investigator had
registered the presence of a larvae mass in the occipital region; insects first colonize
primarily natural orifices, and the presence of this mass associated with the position of
the body suggests that the wound was caused shortly before death, not corresponding
to a natural accident.

Adult blowflies emerged in laboratory were identified as Chrysomya albiceps
(Wiedemann, 1819) (Diptera: Calliphoridae). Data obtained in laboratory regarding
parameters related to larval weight and developmental time [44], corroborated seven
days PMI that had been calculated by the forensic doctor through observation of
the livor and rigor mortis. Insect behavior provided evidences that death could not
have been natural, and PMI based on post mortem events with entomological data
concordance led investigators to dig deeper. Therefore, a suspect who knew the victim
and had been seen around the victim’s house in the time of her death was arrested.
He confessed trying to rape the victim, and while trying to subdue her, the back of her
head was hit against the floor and she fainted. Thus, he rearranged things back to their
place and locked the door using his copy of the house key, and then fled the scene.

Case ll: Suicide or Homicide?

A 30 years-old man was discovered hanging from a tree (Figures 1D,1E) in a rural
area next to a forest, in the city of Batatais, Sdo Paulo State, Brazil. He was reported
missing by his family for at least seven days. According to criteria adopted by Franga
[45], the corpse was between bloat and decay stages of decomposition, with presence
of skin bubbles, bloated abdomen, protrusion of eyes and tongue. Bodies found in
the previously mentioned position do not have a usual decomposition process. Once
evolution of chemical and physical changes of the body after death is one of the most
used methods to determine the time passed since the death [46], estimate PMI based
only on post mortem events is less accurate or not even advisable.

Figure 1: Decay stage of decomposition observed when the corpses (cases 1 to 3) were discovered.

a. Position of the victim's corpse (case 1) when it was discovered.

b. Larval mass in the victim’'s head region (case 1).

c. Absence of bone fracture (case 1).

d. Position of the victim's corpse when it was discovered (case 2).

e. Neck detail (case 2). f Body discovered inside an abandoned house without any ante mortem injury (case 3).
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Eggs and third instar larvae were collected. Specimens, identified as Hemilucilia
semidiaphana (Rondani, 1850) (N=24) and C. albiceps (N=228), emerged in 12 and
eight days, respectively. Crime scene temperature was of 25 2C on the day the body was
discovered. The total developmental time registered in literature for this temperature
is approximately of 16 days for H. semidiaphana [46] and 12 days for C. albiceps [45].
Taking into account that the immatures of both species remained in laboratory for
12 days, we can conclude that the victim presented a PMI of four days. A study using
animal models [48] conducted near the area where the body was found showed that
fauna collected from the corpse was commonly registered in that environment.

The time line of the investigation based on information reported previously by the
family changed from the data provided by insects. New efforts of the police led them
to ascertain that victim’s friends had seen him accompanied by five suspicious people
five days before the discovery of the corpse. Thus, nature of death, firstly classified
as suicide, could be, in fact, a case of intentional homicide that required further
investigations.

Case lll: Murder or Natural Death?

A 60 years-old homeless man was found lying facing down inside an abandoned
house (Figure 1F) in the center of the city of Franca, Sdo Paulo State, Brazil, in fresh
stage of decomposition. He had last been seen alive approximately six days before,
accompanying another person, so an accurate PMI estimate was relevant to elucidate
if there was a murder suspect. Crime scene temperature, measured using a digital
thermometer, was of 23°C. Third instar larvae were collected, and adults emerged
after 14 days, being identified as C. albiceps (N=10). Literature data [44,46] indicate
that under conditions above, this species completes its development in 18 days. Based
on these studies, a PMI of four days was obtained. Instead of a murder, as previously
contemplated, the verdict was of natural death, due to the impossibility of involvement
of the only suspect in the criminal scene.

Case IV: Suspects Association to the Crime

Two 20’s and 30’s years-old male corpses were discovered laying down in the
middle of a sugar cane plantation in the city of Cosmépolis, Sdo Paulo State, Brazil, in
decay process of decomposition (Figures 24, 2B, 2C, 2D), presenting several gunfire
shots throughout the bodies. Crime scene personnel could not find any identification
card during the processing of the crime scene. However, they noticed that the corpses
were colonized by some dipteran larvae. Larvae collected from corpse 1 (Figures
2A,2C) were identified as belonging to species Chrysomya putoria (Widemann, 1830)
(N=18) with 21.7 mg mean weight. Larvae obtained from corpse 2 (Figures 2B,2D)
were identified as being of two different blowflies species: Chrysomya megacephala
[49] with 66.7 mg mean weight, and C. albiceps with 29.8 mg mean weight. Calculation
of PMI was done taking into account larval weight, environment temperature data and
laboratorial data on developmental rate studies of the species of forensic importance
[44,49-51]. Age, in hours, estimated to each species was 95 to C. putoria, 94 to C.
megacephala and 77 to C. albiceps.

Later on, this case was related to a missing person occurrence of two relative male
individuals, a 28 years-old uncle whose physical characteristics, e.g, an amputated arm,
were similar to those from corpse 1 and a 24 years old nephew that was recognized by
his mother as corpse 2. They were reported missing about four days before discovery
of the cadavers. Considering age of the larvae of C. putoria and C. megacephala and
a possibility of nocturnal oviposition, as it had been reported for other species
of blowflies by Greenberg and by personal observation of the authors [52], we can
conclude that time of death was close to the time the subjects went missing. Based on
this information, people last seen with the victims were included as the main suspects
of the crime.
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Figure 2: Decay stage of decomposition observed when the corpses (cases 4 and 5) were discovered.
a. and c Cadavers of two young male identified as corpse 1 and as corpse 2, respectively (case 4).

b and d Detail of larvae massively colonizing natural orifices and all corpse (case 4).

e. Lateral view of the young man'’s body with wounds on the right side of the neck (case 5).

f. Fly larvae colonizing natural orifices and wounded trachea (case 5).

Case V: Legal Medicine PMI x Entomological PMI

A 20’s man corpse was found lying on his back on the sidewalk of a street located
in the east zone of the city of Sdo Paulo, Sdo Paulo State, Brazil. According to medical
officer notes, he had wounds caused by a sharp object on the right side of the neck
(Figures 2E,2F) and also on his right hand, which were determined as cause of death.
The body was in fresh stage of decomposition and, considering post mortem processes,
time of death was determined around 48 hours. The victim was seen alive two days
before the discovery of his corpse.

During autopsy, the medical examiner also noticed some fly larvae colonizing the
wounds, eyes, mouth and trachea, which were collected and put in the vials containing
70% alcohol. At the laboratory, the material was identified and weighted to confirm if
that the age of larvae collected was compatible with the PMI estimated by medico-legal
means.

Larvae collected from wounds and eyes were of the species Lucilia eximia
(Wiedemann, 1819) and the ones collected from the mouth and trachea were
identified as belonging to Sarcophagidae family. Due to the difficulty to identify larvae
of Sarcophagidae to the species level (especially since there are not many descriptions
of the immature stages of this family in the literature), the chance of error in the
calculation of the PMI is increased. Regarding this, L. eximia larvae were chosen to
estimate the PMI. Their mean weight was of 0.18 mg and they were between the first
and second larval instar. Estimated age was of 42.8 hours, and was calculated using
a regression equation based on development of this species [26,53]. This finding
corroborates with the PMI estimated by the medical officer, i.e., the death would
have occurred approximately two days before the corpse was found. Additionally, it
demonstrates that estimates of PMI based on entomological data are as important as
those based on decomposition phenomena.

Discussion

Using the biology of necrophagous insects as forensic evidence intended to solve
crimes is bringing promising results, once collection and analysis of entomological
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matter provide relevant information, not only to estimate PMI, but also to comprehend
circumstances related to suspicious death, specially in cases where advanced stage of
decomposition of the corpse make identification of wounds more difficult.

This applicability of entomological evidence in police investigations justifies the
need of training and improvement of crime scene experts in collecting methods,
analysis and interpretation of entomological data, demanding an implementation
of specialized laboratories in brazilian Criminalistics Institutes. In conclusion, we
observed that rearing conditions can have a major impact on the developmental time
of dipterans and certainly, there are still more factors, e.g. migration, not considered
in this study, which could be measured. Data obtained from different tissues may fill
some of the gaps in knowledge of their nutritional requirements, dietary spectrum and
differential larval growth of the five blowfly species studied here, which may be useful
to improve PMI estimates.
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