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a b s t r a c t

Forensic entomology refers to the science of collection and analysis of insect evidence in order to
determine the minimum time period since death. This study aimed to investigate the occurrence of
forensically important flies on 34 human remains referred to Universiti Kebangsaan Malaysia Medical
Centre over a period of three years. Entomological specimens were collected at the death scenes and/or
during autopsies. Live specimens were reared into adults while preserved specimens were processed for
species identification. Five families, seven genera and nine species of flies were identified from human
remains. The results of the study showed Chrysomya megacephala (Calliphoridae) maggots occurred on
corpses with the highest frequency (70.6%), followed by Ch. rufifacies (Calliphoridae) (44.1%), sarcophagid
fly (Sarcophagidae) (38.2%), Synthesiomya nudiseta (Muscidae) (20.6%), Megaselia scalaris (Phoridae)
(14.7%), Lucilia cuprina (Calliphoridae) (5.9%), Ch. nigripes (Calliphoridae) (5.9%), Eristalis spp. (Syrphidae)
(5.9%) and Hydrotaea spinigera (Muscidae) (2.9%). The greatest fly diversity occurred on remains recov-
ered indoors (eight species) compared to outdoors (three species). Whilst, single and double infestations
were common for both indoor and outdoor cases, multiple infestation of up to six species was observed
in one of the indoor cases. Although large numbers of fly species were found on human remains, the
predominant species were still those of Chrysomya, while S. nudiseta was found only on human remains
recovered from indoors. The present study provides additional knowledge in the context of Malaysian
forensic entomology and the distribution of forensically important flies which is of relevance to forensic
science.

© 2016 Elsevier Ltd and Faculty of Forensic and Legal Medicine. All rights reserved.

1. Introduction

Decomposing remains provide an ecosystem to support the
life cycle of certain arthropod communities.1 The occurrences of
those organisms not only change the condition of the remains,
but also provide suitable environment for other species to
inhabit the remains at a sequential manner, associated with
certain stages of decomposition.2,3 Necrophagous insects, for
instance, use decomposing remains as a source of food, while

other insects such as some spiders and Lepidoptera utilise the
humid condition of skeletonised remains for shelter.4 This pre-
dictable sequence of insect arrival, known as insect succession, is
a crucial aspect to estimate the elapsed time since death or post-
mortem interval.5e7 This valuable information, combined with
the knowledge of the distribution, biology and behaviour of these
insects, may assist forensic investigation by providing informa-
tion on when, where and how a person died or a crime was
committed.5,8

In Malaysia, forensic entomology case was first reported by
Reid9 who described the occurrence of Chrysomya megacephala
(Fabricius) (Calliphoridae) larvae in a dead woman. This was fol-
lowed by Lee10e12 and Lee et al.13 who reviewed and updated the
entomological specimens recovered from forensic cases for the
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period of three decades. The research in forensic entomology field
gained interest with other workers who contributed in reviewing
many forensic cases in Malaysia14e17 as well as describing related
case reports which will definitely enhanced the knowledge in this
field.18e20 There is no doubt that a combined review of such cases
can enhance an understanding in this subject of research, and ul-
timately may assist investigators in investigating future cases
related to forensic entomology.

However, apart from study by Kumara et al.17 which reported
the occurrence of flies associated with indoor/outdoor human re-
mains in northern part of Malaysia, no comparative study had been
conducted on indoor/outdoor fly composition especially in the
central part of Peninsular Malaysia. Hence, the present study
summarized forensic entomology cases received by Universiti
Kebangsaan Malaysia Medical Centre Kuala Lumpur from 2010 to
2013, with special attention to species composition between indoor
and outdoor cases.

2. Materials and methods

The present study involved all forensic cases infestedwith insect
specimens received by Forensic Unit, Universiti Kebangsaan
Malaysia Medical Centre in Kuala Lumpur, Malaysia (3.10�N,
101.73�E) from January 2010 until December 2013. In general,
Malaysia experiences uniform temperature throughout the year
with an average of 27 ºC and annual relative humidity is approxi-
mately 80%. In the study area, maximum rainfall generally occurs in
April-May and October-November, while minimum rainfall hap-
pens in February as well as from June until July.21

Since the death scene was attended by entomologist soon after
the body discovery, the physical alteration of the death scene, if any,
was minimal and has been noted via conversation with police of-
ficers and the deceased relatives or neighbours. The information of
the deceased such as name, sex, age, location of where the bodies
were found, possible cause of death, if available, were recorded. All
insect specimens were collected from decomposed corpses and
surrounding areas during visit at the death scene and/or during
autopsy, based on the method described by Amendt et al.22. The
specimens were collected in two sets; 1) preserved in glass vials
containing 70% ethanol, and 2) cultured on beef liver provided ad
libitum. Fly puparia, if found, were placed inside empty plastic
containers. All live and preserved specimens were sent to the
Forensic Entomology Laboratory for analysis.

In the laboratory, the preserved larvae samples were prepared
according to the method described by Omar et al.,23 while the live
larvae were reared to the adult stage in a roomwith a temperature
of 27.2 ± 0.4 �C, RH 65.6 ± 3.1%, photoperiod (L:D)(h) 12:12. The
larvae and emerged adults were later identified using several
identification keys24e28 and reference insect collections at the
Forensic Entomology Laboratory, Universiti Kebangsaan Malaysia.

3. Results

A total of 34 corpses (25 males and 9 females) infested with
entomological specimens were taken for this study. Twenty nine
cases (85.3%) were found indoor, while the remaining five cases
(14.7%) were outdoor (Fig. 1). Out of 29 cases found indoors, 27.6%
(n ¼ 8) occurred at high rise buildings (fifth-floor and above).

A number of cases infested with various fly taxa according to
death locations, whether indoor or outdoor were noted (Fig. 2).
Therewere eight different species of flies which infested the indoor
corpses while only three species were found infesting outdoor
corpses. Blowfly Ch. megacephala maggots occurred on corpses
found at both locations with the highest frequency (70.6%, n ¼ 24)
followed by Ch. rufifacies (Macquart) (Calliphoridae) with 44.1%

(n ¼ 14). Other fly maggots such as sarcophagids only occurred on
indoor corpses with 38.2% (n ¼ 13), followed by Synthesiomyia
nudiseta (Wulp) (Muscidae) (20.6%, n ¼ 7), Megaselia scalaris
(Loew) (Phoridae) (14.7%, n ¼ 5), Lucilia cuprina (Wiedemann)
(Calliphoridae) (5.9%, n ¼ 2), Ch. nigripes Aubertin (Calliphoridae)
(5.9%, n¼ 2) and Hydrotaea spinigera Stein (Muscidae) (2.9%, n¼ 1).
Eristalis spp. (Syrphidae) maggots, however, were found infesting
two outdoor corpses (5.9%) which are similar to their preference of
inhabiting aquatic environment. The details for each case are
summarized in Table 1.

The majority of infestations was double species accounting for
38.3% (n ¼ 13) of total cases, followed by single infestation with
35.3% (n ¼ 12). Corpses infested by three species or more were
occurred only in indoor cases, with 14.7% (n ¼ 5) of triple infesta-
tion, 8.8% (n ¼ 3) of quadruple infestation while a single case
showed infestation of up to six species (Fig. 3). The infestation of
forensic flies according to indoor or outdoor cases were tabulated
(Table 2).

4. Discussion

In terms of location of death, majority (85.3%) of the cases were
associated with body found indoors, while only 14.7% involved
outdoor locations such as river, monsoon drain, disused mine and
bushes. Previous forensic entomology case reviews of the same
area also indicated that indoor cases occurred far more frequent
than outdoor cases.14e16 However, this is in contrast with a recent
study in north part of Malaysia which showed an almost equal
percentage of indoor (54%) and outdoor cases (46%) out of 50 cases
in total.17 This variation could be due to several factors such as the

Fig. 1. Distribution of corpses according to gender and death location.

Fig. 2. Number of cases infested with various types of flies according to death location.
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