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ABSTRACT 

Little information was available on the forensically important specimens collected from 

carcasses in indoor and different ecological habitats in Malaysia. This study was attempted 

to determine the arthropod succession on carcasses (1) placed in different ecological 

habitats, such as lowland forested area, coastal area and montane forested area; (2) placed 

in indoor and outdoor conditions; and (3) carcasses being incinerated, submerged in 

freshwater river, and treated with insecticide and its effect on post mortem interval (PMI) 

estimation.  

Carcasses placed outdoor and indoor underwent 5 decomposition stages namely, 

fresh, bloating, decay, advanced decay and remains/dry. Decomposition duration on 

carcasses placed in indoor was prolonged, in comparison to outdoor in lowland forested 

and coastal areas by 1.67 to 2.73 folds, but not in montane forested area.  

There were no activity and oviposition of forensically important flies during 

nocturnal period. Flies activity were observed to be active from about 30 minutes after 

sunrise throughout the day until 10 minutes after sunset.  

There was no delay on flies oviposition on carcasses placed outdoor in all 

ecological habitats. However, there was at least a 1 day delay on PMI estimation on 

carcasses placed indoor in coastal area. It is interesting to note that there was a 3 days 

delay in PMI estimation on carcasses placed indoor in both lowland and montane forested 

areas. This study revealed the time required for blow flies to perceive the body and enter 

indoor to oviposit in three different ecological habitats. Our results established the time 

required to be added to estimate larval age to approach a realistic PMI estimation in this 

region. 

Oviposition of flies on carcasses, besides being used for PMI estimation, can also 

serve as geographical indicator: (1) Lucilia porphyrina was exclusively found in montane 

forested area; (2) Chrysomya nigripes was a strictly outdoor species and only invaded 

carcasses in lowland forested area; and (3) Chrysomya chani was only found invading 

carcasses placed in outdoor and indoor in lowland forested area.  
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Study conducted on incinerated carcasses emphasizes that: (1) incineration effect 

does not deter the arrival and oviposition of flies; (2) incineration effect does not make 

any difference in the fauna succession pattern between incinerated and non-incinerated 

carcasses, with succession sequence from Calliphoridae, Sarcophagidae and Muscidae; 

and (3) decomposition rates on incinerated carcasses were faster than non-incinerated 

carcasses. 

Study conducted on carcasses submerged in freshwater river emphasizes that: (1) 

PMI estimation on carcasses submerged in freshwater river was delayed by a minimum 

period of 2 days; (2) there was no difference in the fauna succession pattern between 

carcasses submerged in freshwater river and placed outdoor, with the succession sequence 

from Calliphoridae, Sarcophagidae and Muscidae; (3) Chrysomya megacephala was the 

dominant adult flies observed visiting the carcasses, but only Ch. pinguis and Hemipyrelia 

spp. were found to be dominant maggots colonizing the carcasses; and (4) decomposition 

rates of carcasses submerged in freshwater river were slower than carcasses placed 

outdoor.  

Study conducted on carcasses treated with insecticide concluded that malathion 

repelled and delayed the insect invasions of the carcasses, especially flies for at least 7 

days. 

Ants (Order: Hymenoptera) were reported occurring in all decomposition stages, 

and were not significant indicator for carcasses succession or PMI estimation. Beetles 

(Order: Coleoptera) were observed visiting the monkey carcasses in lowland and montane 

forested areas, and their succession on different decomposition stages were determined. 

No beetles were observed visiting carcasses placed in coastal area. More species of beetles 

were found in indoor than outdoor. Ants and beetles were found on carcasses strictly 

specific in certain geographical regions, indicating that they can serve as an evidence in 

forensic cases occurred in similar ecological habitats.  
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ABSTRAK 

Hanya sedikit maklumat mengenai spesimen-spesimen yang berkepentingan forensik yang 

diperolehi dari bangkai-bangkai yang berada di keadaan tertutup (dalam bangunan) dan 

ekologi habitat yang berlainan boleh didapati di Malaysia. Kajian ini dijalankan untuk 

menentukan turutan serangga di bangkai-bangkai (1) yang terletak di ekologi habitat yang 

berlainan, seperti kawasan hutan tanah rendah, kawasan pantai dan kawasan hutan 

gunung; (2) yang terletak di keadaan dalaman (dalam bangunan) dan luaran (luar 

bangunan); dan (3) yang telah dibakar, ditenggelamkan dalam air sungai, dan dirawat 

dengan racun serangga serta kesannya terhadap anggaran PMI. 

Penguraian bangkai-bangkai yang terletak di keadaan dalaman dan luaran melalui 

5 peringkat, iaitu segar (fresh), kembung (bloating), pereputan (decay), pereputan lanjut 

(advanced decay) dan kekal/kering (remains/dry). Tempoh penguraian bangkai-bangkai 

yang terletak di dalaman telah dipanjangkan sebanyak 1.67 hingga 2.73 kali, dibandingkan 

dengan bangkai-bangkai yang terletak di luaran di kawasan hutan tanah rendah dan pantai. 

Akan tetapi, kejadian ini tidak berlaku di kawasan hutan gunung. 

Tiada aktiviti dan oviposisi oleh lalat berkepentingan forensik pada waktu malam. 

Aktiviti lalat hanya diperhatikan kira-kira 30 minit selepas matahari terbit dan aktif 

sepanjang waktu siang sehingga 10 minit selepas matahari terbenam. 

Tiada penangguhan masa pada oviposisi lalat atas bangkai-bangkai yang terletak di 

keadaan luaran di semua ekologi habitat. Walau bagaimanapun, penangguhan masa 

sebanyak 1 hari telah berlaku pada bangkai-bangkai terletak di keadaan dalaman di 

kawasan pantai. Tambahan lagi, penangguhan masa sebanyak 3 hari telah berlaku pada 

bangkai-bangkai yang terletak di keadaan dalaman di kawasan hutan tanah rendah dan 

gunung. Kajian ini menunjukkan masa yang diperlukan untuk lalat mengesan lokasi 

bangkai dan oviposisi atas bangkai tersebut dalam tiga ekologi habitat yang berlainan. 

Keputusan kami memastikan masa yang diperlukan untuk ditambah ke atas anggaran 

umur larva demi menghasilkan anggaran PMI yang lebih realistik di rantau ini. 
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Oviposisi lalat di atas bangkai-bangkai bukan sahaja boleh digunakan dalam 

anggaran PMI, ia juga boleh bertindak sebagai penunjuk geografi: (1) Lucilia porphyrina 

hanya boleh didapati di kawasan hutan gunung; (2) Chrysomya nigripes merupakan 

species lalat yang terdapat di keadaan luaran dan hanya oviposisi di bangkai-bangkai yang 

terletak di kawasan hutan tanah rendah; dan (3) Chrysomya chani hanya oviposisi di 

bangkai-bangkai terletak di keadaan dalaman dan luaran di lawasan hutan tanah rendah. 

Kajian yang dijalankan pada bangkai-bangkai yang dibakar menekankan: (1) kesan 

pembakaran tidak menghalang kedatangan dan oviposisi lalat; (2) kesan pembakaran tidak 

menyebabkan sebarang perbezaan atas corak turutan fauna di antara bangkai-bangkai yang 

dibakar dan tidak dibakar, dengan turutannya dari Calliphoridae, Sarcophagidae dan 

Muscidae; dan (3) kadar penguraian bangkai-bangkai yang dibakar adalah lebih cepat 

dibandingkan dengan bangkai-bangkai yang tidak dibakar. 

Kajian yang dijalankan pada bangkai-bangkai yang ditenggelamkan dalam sungai 

menekankan: (1) anggaran PMI pada bangkai-bangkai yang ditenggelamkan dalam sungai 

telah ditangguhkan sekurang-kurangnya 2 hari; (2) tiada perbezaan atas corak turutan 

fauna di antara bangkai-bangkai yang ditenggelamkan dalam sungai dan terletak di 

keadaan luaran, dengan turutannya dari Calliphoridae, Sarcophagidae dan Muscidae; (3) 

Chrysomya megacephala merupakan lalat dewasa yang dominan mengunjungi bangkai-

bangkai yang ditenggelamkan dalam sungai, akan tetapi hanya Chrysomya pinguis dan 

Hemipyrelia spp. yang dijumpai sebagai larva yang dominan membiak di atas bangkai-

bangkai tersebut; dan (4) kadar penguraian bangkai-bangkai yang ditenggelamkan dalam 

sungai adalah lebih perlahan dibandingkan dengan bangkai-bangkai yang terletak di 

keadaan luaran. 

Kajian yang dijalankan pada bangkai-bangkai yang dirawat dengan racun serangga 

menunjukkan malathion boleh menghalau dan menangguhkan pembiakan serangga pada 

bangkai-bangkai, terutamanya lalat sekurang-kurangnya 7 hari. 
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Semut (Order: Hymenoptera) dilaporkan wujud di semua peringkat penguraian dan 

tidak menunjukkan kepentingan dalam turutan fauna dan anggaran PMI atas bangkai-

bangkai. Kumbang (Order: Coleoptera) telah diperhatikan mengunjungi bangkai-bangkai 

di kawasan hutan tanah rendah dan gunung, dan turutan species kumbang di peringkat 

penguraian yang berlainan pada bangkai-bangkai telah pun ditentukan. Tiada kumbang 

dijumpai pada bangkai-bangkai yang diletakkan di kawasan pantai. Spesies kumbang yang 

dijumpai di keadaan dalaman adalah lebih banyak dibandingkan dengan keadaan luaran. 

Semut dan kumbang yang dijumpai di atas bangkai-bangkai adalah berdasarkan rantau 

geografi, ini menunjukkan ia boleh dijadikan sebagai bukti dalam kes-kes forensik yang 

berlaku di ekologi habitat yang sama.   

 

  



 viii 

ACKNOWLEDGEMENTS 

Firstly, I want to express my sincerest gratitude and respect to my supervisor, Professor 

Dato’ Dr. Mohd Sofian Azirun, who gave me invaluable helps, guidance, advice and 

support throughout the course of this study. Without him, this work could not have come 

as far as it did. 

I am indebted and wish to express my sincere gratitude and appreciated to my co-

supervisor, Dr. Nazni Wasi Ahmad, who have rendered her assistance, technical advice, 

patience and effort in making this study a success. Her helps are most appreciated. 

It is also my pleasure to thank Mr. John Jeffery for his timely advice and guidance 

on the identification on flies. I also wish to thank Prof. Dr. Rosli Hashim (University of 

Malaya), Dr. Hans Huijbregts (National Museum of Natural History, Netherland), Dr. 

Munetoshi Maruyama (The Kyushu University Museum, Japan) and Ms. Nurul Ashikin 

(University of Malaya) for their kindness to help me identified the ant and beetle 

specimens. 

My grateful expression goes to my colleagues, Lau Koon Weng, Thary Gazi, Izzul 

Amri Azizan, Low Van Lun, Karen Chia Huey Min and Leong Cherng Shii, who are 

very kind on passing me on innovative articles which are closely related to my work and 

giving me all kind of help during my field work. Thanks are also due to the staff of 

Medical Entomology Unit, Institute for Medical Research for their assistance in the field. 

Not forgetting, Janale Chua Pit Lee, a fun and close friend of mine, who always 

entertained and cheered me up during my study. I’m really grateful to her for being my 

friend. 

This project would not have been possible without the financial support and 

research grants funded by National Institute of Health (JPP-IMR 06-007) and University 

of Malaya (RG034/09SUS, FP011-2009 and PS286/2009B). 

I would be failing in my duty if I do not record my appreciation for the loyal and 

loving support of my PARENTS, who put up with me and tolerated my difficult and 

eccentric behavior. Thanks are also due to my brothers, John Chen Chee Hung and 

Michael Chen Kee Shim, and sister, Samantha Chen Yee Man. I could never forget their 

unfailing encouragement and advice in order to achieve academic excellence.  



 ix 

TABLE OF CONTENTS 

 Page 

ORIGINAL LITERARY WORK DECLARATION i 

ABSTRACT ii 

ABSTRAK iv 

ACKNOWLEDGEMENTS vii 

TABLE OF CONTENTS viii 

LIST OF FIGURES xii 

LIST OF TABLES xvi 

LIST OF ABBREVIATIONS xix 

  

CHAPTER 1 INTRODUCTION 1 

1.1 Forensic Entomology 1 

1.2 The Importance of Present Study 2 

1.3 Aims of Study 3 

1.4 Scheme of Study 4 

1.5 References 

 

 

5 

CHAPTER 2 LITERATURE REVIEW 8 

2.1 The Beginning of Forensic Entomology In the World 8 

2.2 The Initial and Review on Forensic Entomological Cases on Human 

Corpses in Malaysia, 1950s – 2000s 

 

9 

2.3 Forensic Entomological and Fauna Succession Studies on Non-Human 

Primates in Malaysia 

 

12 

2.4 Studies on the Distribution and Bionomics of Forensically Important 

Flies in Malaysia 

 

17 

2.5 Key to Forensically Important Flies and Larvae in Malaysia 20 

2.6 Studies on Other Carrion Insects in Malaysia 21 

2.7 References 

 

23 



 x 

CHAPTER 3 MATERIALS AND METHODS 

 
30 

3.1 Study Sites 30 

 3.1.1 Ulu Gombak (Lowland Forested Area) 30 

 3.1.2 Tanjong Sepat (Coastal Area) 31 

 3.1.3 Bukit Cincin (Montane Forested Area) 32 

3.2 Indoor and Outdoor Conditions for Fauna Succession Study 33 

3.3 Animal Carcasses 

 

35 

3.4 Euthanization of Monkey 

 

35 

3.5 Study Design 35 

 3.5.1 Fauna Succession on Monkey Carcasses Placed in Outdoor 

and Indoor in Different Ecological Habitats 

 

35 

 3.5.2 Fauna Succession on Incinerated Monkey Carcasses in 

Lowland Forested Area 

 

37 

 3.5.3 Fauna Succession on Monkey Carcasses Submerged in 

Freshwater River in Lowland Forested Area 

 

38 

 3.5.4 Fauna Succession on Monkey Carcasses Treated with 

Insecticide in Lowland Forested Area 

 

39 

3.6 Mounting Fly Larvae 39 

3.7 Identification of Specimens 40 

3.8 Data Analysis 40 

3.9 References 

 

 

42 

CHAPTER 4 RESULTS 43 

4.1 Ulu Gombak (Lowland Forested Area) 46 

 4.1.1 Study 1 

Decomposition Process and Arthropod Succession on 

Monkey Carcass in Outdoor (Diurnal) 

 

46 

 4.1.2 Study 2 

Decomposition Process and Arthropod Succession on 

Monkey Carcass in Indoor (Diurnal) 

 

52 



 xi 

 4.1.3 Study 3 

Decomposition Process and Arthropod Succession on 

Monkey Carcass in Outdoor (Nocturnal) 

 

58 

 4.1.4 Study 4 

Decomposition Process and Arthropod Succession on 

Monkey Carcass in Indoor (Nocturnal) 

 

64 

4.2 Tanjong Sepat (Coastal Area) 70 

 4.2.1 Study 5 and Study 7 

Decomposition Process and Arthropod Succession on 

Monkey Carcass in Outdoor 

 

70 

 4.2.2 Study 6 and Study 8 

Decomposition Process and Arthropod Succession on 

Monkey Carcass in Indoor 

 

80 

4.3 Bukit Cincin (Montane Forested Area) 

 

88 

 4.3.1 Study 9 and Study 11 

Decomposition Process and Arthropod Succession on 

Monkey Carcass in Outdoor 

 

88 

 4.3.2 Study 10 and Study 12 

Decomposition Process and Arthropod Succession on 

Monkey Carcass in Indoor 

 

97 

4.4 The Circadian Activity Pattern of Blowflies on Monkey Carcasses 

 

105 

4.5 PMI Estimation in Outdoor and Indoor Conditions in Different 

Ecological Habitats 

  

107 

4.6 Comparison Between Flies Succession and Decomposition of Monkey 

Carcasses in Outdoor and Indoor in Different Ecological Habitats 

 

111 

4.7 First Report on the Signal Fly, Scholaster spp. (Loew, 1873) (Diptera: 

Platystomatidae) on Animal Carcasses in Malaysia 

 

120 

4.8 First Report of the House Fly Larvae, Musca domestica (Linnaeus) 

(Diptera: Muscidae) Associated with the Monkey Carcass in Malaysia 

 

121 

4.9 Ants (Hymenoptera: Formicidae) Recovered from Forensic 

Entomological Studies Conducted in Different Ecological Habitats in 

Malaysia 

 

123 

4.10 Beetles (Coleoptera) Recovered from Forensic Entomological Studies 

Conducted in Different Ecological Habitats in Malaysia 

 

126 

4.11 Fauna Succession and Decomposition on Incinerated Monkey 

Carcasses 

 

130 



 xii 

4.12 Fauna Succession and Decomposition on Monkey Carcasses 

Submerged in Freshwater River 

 

137 

4.13 Fauna Succession and Decomposition on Monkey Carcasses Treated 

with Insecticide 

 

143 

4.14 References 

 

 

148 

CHAPTER 5 DISCUSSION 149 

5.1 The Circadian Activity Pattern of Blowflies on Monkey Carcasses 

 

149 

5.2 Forensic Entomological Studies Conducted in Outdoor and Indoor 

Conditions in Different Ecological Habitats 

 

151 

5.3 First Report of the Signal Fly, Scholaster sp. (Loew, 1873) (Diptera: 

Platystomatidae) on Animal Carcasses in Malaysia 

 

157 

5.4 First Report of the House Fly Larvae, Musca domestica (Linnaeus) 

(Diptera: Muscidae) Associated with the Monkey Carcass in Malaysia 

 

158 

5.5 Ants (Hymenoptera: Formicidae) Recovered from Forensic 

Entomological Studies Conducted in Different Ecological Habitats in 

Malaysia 

 

161 

5.6 Beetles (Coleoptera) Recovered from Forensic Entomological Studies 

Conducted in Different Ecological Habitats in Malaysia 

 

164 

5.7 Fauna Succession and Decomposition on Incinerated Monkey 

Carcasses 

 

167 

5.8 Fauna Succession and Decomposition on Monkey Carcasses 

Submerged in Freshwater River 

 

172 

5.9 Fauna Succession and Decomposition on Monkey Carcasses Treated 

with Insecticide 

 

177 

5.10 References 

 

 

181 

CHAPTER 6 CONCLUSION 194 

PUBLICATIONS ON THIS WORK 198 

PRESENTATION ON THIS WORK 199 

 

 

  



 xiii 

LIST OF FIGURES 

 

  Page 

 

Figure 1.1 Schematic diagram of “Studies on forensically important 

entomological specimens recovered from monkey carrions 

exposed to different ecological habitats in Malaysia”. 

 

4 

Figure 3.1 Environmental conditions of study site in lowland forested 

area located in Ulu Gombak, Selangor. 

 

30 

Figure 3.2 Environmental conditions of study site in coastal area located 

in Tanjong Sepat, Selangor. 

 

31 

Figure 3.3 Environmental conditions of study site in montane forested 

area located in Bukit Cincin, Pahang. 

 

32 

Figure 3.4 Front view of the wooden hut constructed in each study site. 

 

33 

Figure 3.5 Side (left and right) and posterior view of the wooden hut 

constructed in each study site. 

 

34 

Figure 3.6 Front elevation of the wooden hut constructed in each study 

site. 

 

34 

Figure 4.1 Schematic diagram of results consisted in Chapter 4. 

 

45 

Figure 4.2 Ambient temperature and humidity of the study site for Study 

1 conducted in Ulu Gombak, Selangor from 9 – 23 May 2007 

(15 Days). 

 

47 

Figure 4.3 Daily rainfall amount in Ulu Gombak, Selangor during Study 1 

conducted from 9 – 23 May 2007 (15 Days). 

 

48 

Figure 4.4 Percentage of biomass remaining of monkey carcass in Study 

1 placed in lowland forested area located in Ulu Gombak, 

Selangor. 

 

48 

Figure 4.5 Indoor ambient temperature and humidity in the wooden hut 

during Study 2 conducted in Ulu Gombak, Selangor from 9 

May 2007 – 18 June 2007 (41 Days). 

 

53 

Figure 4.6 Daily rainfall amount in Ulu Gombak, Selangor during Study 2 

conducted from 9 May 2007 – 18 June 2007 (41 Days). 

 

53 

Figure 4.7 Percentage of biomass remaining of monkey carcass in Study 

2 placed in lowland forested area located in Ulu Gombak, 

Selangor. 

 

54 

Figure 4.8 Ambient temperature and humidity of the study site during 

Study 3 conducted in Ulu Gombak, Selangor from 1 August 

2007 – 8 September 2007 (39 Days). 

 

59 



 xiv 

Figure 4.9 Daily rainfall amount in Ulu Gombak, Selangor during Study 3 

conducted from 1 August 2007 – 8 September 2007 (39 Days). 

 

59 

Figure 4.10 Percentage of biomass remaining of monkey carcass in Study 

3 placed in lowland forested area located in Ulu Gombak, 

Selangor. 

 

60 

Figure 4.11 Indoor ambient temperature and humidity in the wooden hut 

during Study 4 conducted in Ulu Gombak, Selangor from 1 

August 2007 – 25 October 2007 (86 Days). 

 

65 

Figure 4.12 Daily rainfall amount in Ulu Gombak, Selangor during Study 4 

conducted from 1 August 2007 – 25 October 2007 (86 Days). 

 

65 

Figure 4.13 Percentage of biomass remaining of monkey carcass in Study 

4 placed in lowland forested area located in Ulu Gombak, 

Selangor. 

 

66 

Figure 4.14 Ambient temperature and humidity of the study site during 

Study 5 conducted in Tanjong Sepat, Selangor from 6 – 14 

May 2008 (9 Days). 

 

71 

Figure 4.15 Daily rainfall amount in Tanjong Sepat, Selangor during Study 

5 conducted from 6 – 14 May 2008 (9 Days). 

 

72 

Figure 4.16 Percentage of biomass remaining of monkey carcass in Study 

5 placed in coastal area located in Tanjong Sepat, Selangor. 

 

72 

Figure 4.17 Ambient temperature and humidity of the study site during 

Study 7 conducted in Tanjong Sepat, Selangor from 22 – 30 

July 2008 (9 Days). 

 

73 

Figure 4.18 Daily rainfall amount in Tanjong Sepat, Selangor during Study 

7 conducted from 22 – 30 July 2008 (9 Days). 

 

74 

Figure 4.19 Percentage of biomass remaining of monkey carcass in Study 

7 placed in coastal area located in Tanjong Sepat, Selangor. 

 

74 

Figure 4.20 Indoor ambient temperature and humidity in the wooden hut 

during Study 6 conducted in Tanjong Sepat, Selangor from 6 – 

23 May 2008 (18 Days). 

 

81 

Figure 4.21 Daily rainfall amount in Tanjong Sepat, Selangor during Study 

6 conducted from 6 – 23 May 2008 (18 Days). 

 

81 

Figure 4.22 Percentage of biomass remaining of monkey carcass in Study 

6 placed in coastal area located in Tanjong Sepat, Selangor. 

 

82 

Figure 4.23 Indoor ambient temperature and humidity in the wooden hut 

during Study 8 conducted in Tanjong Sepat, Selangor from 22 

July – 5 August 2008 (15 Days). 

 

 

83 



 xv 

Figure 4.24 Daily rainfall amount in Tanjong Sepat, Selangor during Study 

8 conducted from 22 July – 5 August 2008 (15 Days). 

 

83 

Figure 4.25 Percentage of biomass remaining of monkey carcass in Study 

8 placed in coastal area located in Tanjong Sepat, Selangor. 

 

84 

Figure 4.26 Ambient temperature and relative humidity of the study sites 

during Study 9 (Outdoor 1) and Study 11 (Outdoor 2) 

conducted from Bukit Cincin, Pahang from 26 May – 7 July 

2009 (43 Days). 

 

90 

Figure 4.27 Daily rainfall amount in Bukit Cincin, Pahang during Study 9 

(Outdoor 1) and Sudy 11 (Outdoor 2) conducted from 26 May 

– 7 July 2009 (43 Days). 

 

90 

Figure 4.28 Percentage of biomass remaining of monkey carcass in Study 

9 (Outdoor 1) placed in montane forested area located in Bukit 

Cincin, Pahang. 

 

91 

Figure 4.29 Percentage of biomass remaining of monkey carcass in Study 

11 (Outdoor 2) placed in montane forested area located in 

Bukit Cincin, Pahang. 

 

91 

Figure 4.30 Indoor ambient temperature and humidity in the wooden hut 

during Study 10 and Study 12 conducted in Bukit Cincin, 

Pahang from 26 May – 9 July 2009 (45 Days). 

 

98 

Figure 4.31 Daily rainfall amount in Bukit Cincin, Pahang during Study 10 

and Study 12 conducted from 26 May – 9 July 2009 (45 Days). 

 

99 

Figure 4.32 Percentage of biomass remaining of monkey carcass in Study 

10 placed indoor in montane forested area located in Bukit 

Cincin, Pahang. 

 

99 

Figure 4.33 Percentage of biomass remaining of monkey carcass in Study 

12 placed indoor in montane forested area located in Bukit 

Cincin, Pahang. 

 

100 

Figure 4.34 Observation on insect evidence and post mortem interval 

estimation on monkey carcasses placed in outdoor and indoor 

in forested area, Ulu Gombak, Selangor. 

 

108 

Figure 4.35 Observation on insect evidence and post mortem interval 

estimation on monkey carcasses placed in outdoor and indoor 

in coastal area, Tanjong Sepat, Selangor. 

 

109 

Figure 4.36 Observation on insect evidence and post mortem interval 

estimation on monkey carcasses placed in outdoor and indoor 

in montane forested area, Bukit Cincin, Pahang. 

 

110 

Figure 4.37 Mean number of day on decomposition stages of monkey 

carcasses placed in outdoor and indoor located in different 

ecological habitats. 

113 



 xvi 

Figure 4.38 Dipterans obtained from different decomposition stages of 

monkey carcasses in lowland forested area in Malaysia. 

 

115 

Figure 4.39 Dipterans obtained from different decomposition stages of 

monkey carcasses in coastal area in Malaysia. 

 

116 

Figure 4.40 Dipterans obtained from different decomposition stages of 

monkey carcasses in montane forested area in Malaysia. 

 

117 

Figure 4.41 Scholastes spp. was observed landing on the bloodstain on the 

cloth worn by a freshly dead monkey (Macaca fascicularis, 

Raffles). 

 

120 

Figure 4.42 Maggots recovered from monkey carcass (Macaca fascicularis 

Raffles) placed in forested area in Ulu Gombak, Selangor from 

9 May to 18 June 2007. One monkey carcass was used in this 

study. 

 

122 

Figure 4.43 Species of ants obtained from different decomposition stages 

of monkey carcasses in lowland forested area, coastal area and 

montane forested area in Malaysia. 

 

123 

Figure 4.44 Species of beetles (Coleoptera) obtained from different 

decomposition stages of monkey carcasses in a lowland 

forested area in Malaysia. 

 

127 

Figure 4.45 Species of beetles (Coleoptera) obtained from different 

decomposition stages of monkey carcasses in a montane 

forested area in Malaysia. 

 

128 

Figure 4.46 Number of beetles species collected from monkey carcasses 

placed outdoor and indoor in lowland and montane forested 

areas in Malaysia. Generally, number of beetles species 

obtained from fresh stage to remains stage increased. 

 

128 

Figure 4.47 (a) Incinerated monkey carcass; and (b) the incineration effect 

which exposed the guts, thus no bloating stage was observed. 

 

132 

Figure 4.48 The ants, Pheidologeton sp. (Hymenoptera: Formicidae) were 

making their nest on the carcass from Day-2 (fresh) until Day 

5 (advanced decay). 

 

133 

Figure 4.49 (a) The environment of study site. The metal cage was tied 

with a rope to avoid being flushed away by the river water. (b) 

The monkey carcass was kept in a metal cage and right lateral 

aspect of the carcass was exposed from the water surface. 

 

138 

Figure 4.50 Fly maggots obtained from monkey carcasses treated with 

malathion in 5 decomposition stages in a forested area. Bars 

(black) indicate presence of fly maggots. 

 

143 

 



 xvii 

LIST OF TABLES 

 

  Page 

Table 2.1 Fly and non-fly specimens recovered from 448 forensic 

entomological cases from 1972 – 2002 in Malaysia. 

 

12 

Table 4.1 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 1) placed in outdoor of lowland 

forested area located in Ulu Gombak, Selangor. 

 

51 

Table 4.2 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 2) placed in indoor of lowland forested 

area located in Ulu Gombak, Selangor. 

 

57 

Table 4.3 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 3) placed in outdoor of lowland 

forested area located in Ulu Gombak, Selangor. 

 

63 

Table 4.4 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 4) placed in indoor of lowland forested 

area located in Ulu Gombak, Selangor. 

 

69 

Table 4.5 Comparison on mean outdoor ambient temperature, relative 

humidity and daily rainfall amount between forensic 

entomological studies (Study 5 and Study 7) conducted in 

coastal area of Tanjong Sepat, Selangor. 

 

70 

Table 4.6 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 5) placed in outdoor of coastal area 

located in Tanjong Sepat, Selangor. 

 

78 

Table 4.7 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 7) placed in outdoor of coastal area 

located in Tanjong Sepat, Selangor. 

 

79 

Table 4.8 Comparison on mean indoor ambient temperature, relative 

humidity and daily rainfall amount between forensic 

entomological studies (Study 6 and Study 8) conducted in a 

wooden hut (indoor) located in coastal area of Tanjong Sepat, 

Selangor. 

 

80 

Table 4.9 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 6) placed in indoor of coastal area 

located in Tanjong Sepat, Selangor. 

 

86 

Table 4.10 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 8) placed in indoor of coastal area 

located in Tanjong Sepat, Selangor. 

 

 

 

 

87 



 xviii 

Table 4.11 Comparison on mean outdoor ambient temperature, relative 

humidity and daily rainfall amount between forensic 

entomological studies (Study 9 and Study 11) conducted in 

montane forested area of Bukin Cincin, Pahang. 

 

89 

Table 4.12 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 9) placed in outdoor of montane 

forested area located in Bukit Cincin, Pahang. 

 

95 

Table 4.13 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 11) placed in outdoor of montane 

forested area located in Bukit Cincin, Pahang. 

 

96 

Table 4.14 Comparison on mean indoor ambient temperature, relative 

humidity and daily rainfall amount between forensic 

entomological studies (Study 10 and Study 12) conducted in a 

wooden hut (indoor) located in montane forested area of Bukit 

Cincin, Pahang. 

 

97 

Table 4.15 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 10) placed in indoor of montane 

forested area located in Bukit Cincin, Pahang. 

 

103 

Table 4.16 Entomofauna attracted to various decomposition stages of 

monkey carcass (Study 12) placed in indoor of montane 

forested area located in Bukit Cincin, Pahang. 

 

104 

Table 4.17 Observation on time flies began to visit monkey carcasses 

placed outdoor after sunrise in Ulu Gombak, Selangor. 

 

106 

Table 4.18 Observation on time when no fly activities were observed on 

the carcasses placed outdoor after sunset in Ulu Gombak, 

Selangor. 

 

106 

Table 4.19 Comparison on mean ambient temperature and relative 

humidity between forensic entomological studies conducted in 

outdoor and indoor conditions. 

 

112 

Table 4.20 Comparison on mean ambient temperature, relative humidity 

and rainfall amount in different ecological habitats during the 

study periods. 

 

112 

Table 4.21 Summary of diptera (adult and immature) obtained from 12 

forensic entomological studies conducted in lowland forested 

area, coastal area and montane forested area in Malaysia. 

 

119 

Table 4.22 Ants recovered from forensic entomological studies in forested 

area, coastal area, highland and oil palm plantation areas in 

Malaysia. 

 

125 

Table 4.23 Summary of beetles recovered from forensic entomological 

studies in lowland and montane forested areas in Malaysia. 

 

129 



 xix 

Table 4.24 Description of Crow-Glassman Scale (CGS) in different level 

of burning effect. 

 

130 

Table 4.25 Summary of insect succession on incinerated monkey 

carcasses in Ulu Gombak, Selangor, Malaysia. 

 

131 

Table 4.26 Comparison on the forensically important insect obtained from 

incinerated and non-incinerated monkey carcasses in a lowland 

forested area, Ulu Gombak, Selangor, Malaysia. Only flies 

(Calliphoridae, Muscidae and Sarcophagidae), ants and beetles 

were shown in the list. 

 

136 

Table 4.27 Comparison on the duration of decomposition stages between 

incinerated and non-incinerated monkey carcasses placed 

outdoor in a lowland forested area. 

 

136 

Table 4.28 Summary of insect succession on monkey carcasses 

submerged in freshwater river in Gombak, Selangor, Malaysia. 

 

137 

Table 4.29 Comparison between the forensically important insects 

obtained from monkey carcasses submerged in freshwater 

river and monkey carcasses placed outdoor in lowland forested 

area in Gombak, Selangor, Malaysia. Only flies 

(Calliphoridae, Muscidae and Sarcophagidae), ants and beetles 

were shown in the list. 

 

142 

Table 4.30 Comparison on the duration of decomposition stages between 

carcasses submerged in freshwater river and placed outdoor in 

Ulu Gombak, Selangor, Malaysia. 

 

142 

Table 4.31 Dead fauna (adults) obtained on and around the monkey 

carcasses treated with malathion in a forested area. 

 

145 

Table 4.32 Comparison on the duration of decomposition stages between 

monkey carcasses with and without treatment with insecticide 

placed outdoor in lowland forested area. 

 

147 

Table 4.33 Comparison between the forensically important insects 

obtained from monkey carcasses with and without treatment 

with insecticide in lowland forested area in Gombak, Selangor, 

Malaysia. Only flies (Calliphoridae, Muscidae and 

Sarcophagidae), ants and beetles were shown in the list. 

 

147 

 

 

  



 xx 

LIST OF ABBREVIATIONS 

 

   

~ about  

& and   

 degree  

C degree Celsius   

= equal  

 less than  

 more than  

 more or same  

% percent  

ACUC Animal Care and Use Committee  

cm centimeter  

cm
2 

centimeter squared  

df degree of freedom  

Dr. Doctor  

E East  

e.g. exempli gratia (“for example”)  

et al. et alia (“and others”)  

h hour  

i.e. id est (“that is”)  

kg kilogram  

KKM Kementerian Kesihatan Malaysia (Ministry of Health Malaysia) 

km kilometer  

KOH Potassium Oxide  

L liter  



 xxi 

IMR Institute for Medical Research  

mm millimeter  

N North  

n number  

nd second  

P possibility value  

PERHILITAN Department and Wildlife and National Park, Peninsular Malaysia 

PMI Post mortem interval 

rd third 

SE standard error 

sp. species (singular)  

spp. species (plural)  

st first  

w/w weight per weight  

 


