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forest 
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ABSTRACT 

Six fresh carcasses were used in this study in peat swamp forest at UNIMAS from 15
th

 

November 2011 to 2
nd

 March 2012. The objective of this study was to compare the stages of 

decomposition and faunal succession between a chloroform-killed rabbit carcass and carbon 

dioxide-killed rabbit carcass. Two rabbits weighed approximately 500g were used in each 

experiment and there were three replicate in this study. Both rabbits were euthanized with 

different method and immediately placed in a peat swamp forest behind the Kolej Kenanga, 

UNIMAS. Both carcasses were visited twice per day (morning and evening). Adult insects and 

larvae on the carcasses were collected and later processed in the entomology laboratory. Both 

carcasses were completely decomposed to remain stage after five days. The species visiting 

the both carcasses consisted of blow flies (Chrysomya megacephala, Chrysomya rufifacies, 

and Hypopygiopsis violacea). The only difference noted was the number of species and the 

amount of adult flies were seen more in the chloroform-killed rabbit carcass.  

Key words: peat swamp forest, chloroform-killed rabbit carcass, carbon dioxide-killed rabbit 

carcass 
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ABSTRAK 

Enam bangkai telah digunakan dalam kajian ini di hutan paya gambut di UNIMAS dari 15hb 

November 2011 hingga 2 mac 2012. Objektif kajian ini adalah untuk membandingkan 

peringkat penguraian dan sesaran fauna antara arnab dibunuh kloroform bangkai dan arnab 

dibunuh karbon dioksida bangkai (sebagai kawalan). Dua arnab dengan berat kira-kira 500g 

telah digunakan dalam setiap eksperimen dan terdapat tiga replikat di kajian ini. Kedua-dua 

arnab telah euthanized dengan kaedah yang berbeza dan diletakkan serta merta di dalam hutan 

paya gambut di belakang Kolej Kenanga, UNIMAS. Kedua-dua bangkai telah dilawati 

sebanyak dua kali sehari (pagi dan petang). Serangga dewasa dan larva pada bangkai 

dikumpulkan dan kemudian diproses di makmal entomologi. Kedua-dua bangkai telah 

sepenuhnya reput untuk kekal peringkat selepas lima hari. Spesies yang melawat bangkai 

kedua-duanya terdiri daripada lalat tamparan (Chrysornya megacephala, rufifacies 

Chrysornya, dan Hypopygiopsis violacea). Satu-satunya perbezaan yang disebutkan adalah 

bilangan spesies dan jumlah lalat dewasa dilihat lebih dalam bangkai arnab dibunuh kloroform.  

Kata kunci: hutan paya gambut, arnab dibunuh kloroform bangkai, arnab dibunuh karbon 

dioksida bangkai 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

       Forensic entomology is the scientific practical of interpreting information concerning 

death, using insects as silent witnesses in order to provide evidence within the legal system 

(Wolff et al., 2001). Use of insects and other arthropods as evidence in criminal investigations 

dates from 12
th

 century in China by a Chinese lawyer and death investigator named Sung Tzu 

who later wrote a medico-legal text book Hsi Yuan Chi Lu (one possible translation: “The 

Washing Away of Wrongs”) (Goff, 2009; Benecke, 2001; Gupta & Setia, 2004). Forensic 

entomology is mainly used as a tool to estimate the time of death or postmortem interval (PMI) 

in crime scene investigations (Leccese, 2004). Based on the development rates and the 

successional ecology of the specific insects that feed on carcass, the PMI can be accurately 

determined, and sometime is the only available method (Martinez et al., 2004).   

      There are reasons in using insects during death investigation. Insects are extremely 

abundant and ubiquitous and they are the most numerous group among the invertebrates in 

carrion (Vanesiz & Busuttil, 1996). Their quickness in colonizing carrion in different habitats 

suggested that they are a good indicator in forensic investigation (Leccese, 2004). In addition, 

insects are usually the first to find a decomposing corpse (blow flies will oviposit on carrion 

within the first few hours following death), this action starts a biological clock whereby 

subsequent determination of the age of the developing fly progeny is the basic for estimating 

the PMI (Catts & Goff, 1992,). Insects are considered the larger and diverse group of organism 
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beside bacteria and viruses. Thus, predominate as the most constant and significant in 

estimating the PMI.                 

      The use of insects to estimate the postmortem interval requires an understanding of the 

insect’s life cycle. Each group of the arthropods plays a significant role in the different stages 

of decomposition of organic matter (Arnaldos et al., 2004). Each of the arthropod species has 

a unique developmental behavior rate that can give an indication of the time of death (Wolff et 

al., 2001). Blowflies in the family Calliphoridae are generally the first colonizer appearing on 

the carcass within minutes if the weather condition is available (Pohjoismäki et al., 2010). The 

female fly arrives at the body and deposit the egg in the body associated with the wound, head 

and anus. Once the egg hatched, larvae or maggot feed on the decomposing tissue. Three 

larval stages involved with a molt in between each stage. When the maggot is fully developed, 

it is ceased to feed and moves away from the remains before pupariation (Goff, 2009). The 

growth of the blow fly thus is the timeline in determining the time of death.  

      However, not all the carrion feeding taxa are of important forensic use. As mention by 

Matuszewski et al. (2011), several carrion frequenting taxa are of no forensic use due to their 

low abundance and unpredictability of appearance time. The insects encountered on a corpse 

can be divided into four major groups, namely, necrophagous species, predators of 

necrophagous species, omnivorous species and adventives species. Each group of insects 

having a direct relationship to the stages of decomposition of corpse and is useful in providing 

the PMI estimation.   
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      In Borneo, peat swamp forests are the dominant form of remaining lowland forest (Butler, 

n.d.). Peat swamp forests are the water-logged forest that growing on a layer of dead leaves. 

Their ecosystem are characterised with low nutrient, low dissolve oxygen level and acidic 

water regime (Leete, 2006). Study on arthropod associating with carcass in peat swamp forest 

to determine insect succession maybe useful for forensic investigation in the future.                

 

1.2 Objectives 

1. To study the entomofauna associated with the decomposition of carcasses in peat swamp 

forest. 

2. To determine relationship between entomofauna and stages of decomposition in the peat 

swamp forest.  
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CHAPTER 2 

LITERATURE REVIEW 

 2.1 Decomposition of carcass 

      Decomposition is the process by means of which a carcass or cadaver becomes a skeleton. 

The process of decomposition is the breakdown of organic materials into the terrestrial 

ecosystems. In the study of Carter et al. (2006), the cadaveric material into the soil is primarily 

regulated by the activity of insects and scavengers and the mass of the cadaver. 

Decomposition of carcass is divided into five stages (fresh, bloated, active decay, advanced 

decay, and dry remains) (Goff, 2009; Ahmad et al., 2011; Wolff et al., 2001; Martinez et al., 

2006; Vitta et al., 2007; Heo et al., 2007), although some propose with a number of four 

stages or six stages. The decomposition of a human body involves autolysis and putrefaction 

(Shkrum & Ramsay, 2007). Autolysis is tissue softening and liquefaction caused by the 

release of intracellular enzymes. While, putrefaction is transformation of tissues and organs 

into liquid and gaseous by local and hematogeneous spread of intestinal bacteria and other 

organisms (Shkrum & Ramsay, 2007.). According to Pinheiro (2006), putrefaction is usually 

the first stage of decomposition and one the earliest signs of putrefaction is the discoloration 

of the lower abdominal wall in the right iliac fossa.  

      Fresh stage decomposition began with the cessation of the heart and the depletion of 

oxygen. In this stage, lack of oxygen inhibits the aerobic metabolism which then triggers the 

destruction of cells by enzymatic digestion known as autolysis (Carter et al., 2007). The 

depletion of the oxygen creates environment that is suitable for the anaerobic microorganisms 

originating from the gastrointestinal tract and respiratory system. After establishment of the 
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anaerobic process, the microorganisms transform those nutrients in the body into the organic 

acids and gases and that result in discoloration, odour and bloating of the carcass.  This is 

known as putrefaction and last long for several days depending on the mass of the cadaver 

involved. Putrefaction leads to the onset of the “bloated” stage which is the second stage of 

decomposition. 

      The anaerobic bacteria present in the gut and other parts of the body begin to digest tissues 

which result in the production of gases (Goff, 2010). Vitta et al. (2007) reported that during 

the bloated stage, the abdomen of the pig became swollen and blackened, and the intestine was 

expelled out of the body. Eventually, the internal pressure from gas accumulation forces purge 

fluids to escape from cadaveric orifices into the below ground and designates the beginning of 

the “active decay” (Carter et al., 2007). Active decay is characterized by the rapid loss of mass. 

At this stage, the body deflates and strong odors of decomposition are present (Goff, 2010). 

By the end of active decay, strong odor is declined and lead to the onset of “advance decay” 

stage. Body is reduced to skin slowly in the advance decay stage and finally the feeding 

activities of maggot remove all the tissue and left behind the remaining of dried skin, bone and 

cartilage. This is the end process of decomposition where stage of dried remain is reached.          
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2.2 Ecological role of arthropod in carcass decomposition 

     The usual classification of sarcosaprophagous fauna can be divided into five distinct 

ecological groups. Based on Arnaldos et al. (2005) studies, they were classified into 

necrophagous, which arrive first and feed on the carcass; necrophiles, which feed on the 

necrophages; omnivores, which feed on the corpse and associated fauna; opportunists, which 

utilise corpse as refuge and source of heat, and accidentals, which presence by chance.  In 

general, it is important of each group for the establishing of the time of death. Necrophages, 

necrophiles and omnivores are considered the most important taxa for forensic purposes.  

 

2.3 Development of Diptera 

      Insects that are important in forensic entomology are from the order of Diptera (Goff, 

2009). These insects are the commonest insects that attracted to the carcass and give 

interpretation of cases in forensic entomology. Developmental data for primary blow flies 

provide the most accurate means of estimating the PMI using arthropod information 

(Greenberg 1991).  It is presumed that the first individuals that arrive at, and lay eggs in a 

corpse do so within hours after death (Catts and Goff 1992), provided the body is outside and 

enable the egg-laying without barrier. Therefore, time of death is assumed to be close to the 

time the first eggs are deposited. In order for insect developmental analysis to yield an 

accurate PMI estimation, data must be available for the earliest colonizing species collected 

from the corpse at the time of discovery.  Although there may be several early-arriving species, 

the oldest individuals are the most relevant because they represent the first eggs deposited on 

the body.  Because certain species can oviposit beginning a few hours following death and 
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continuing for at least two weeks (Smeeton et al. 1984), it is crucial to determine which 

individuals are the oldest for each species, as well as to correctly identify the species of those 

individuals. 

 

2.4 Entomotoxicology 

     Forensic entomology can also be used to determine the presence of toxic and drug level by 

observing the development of certain insects. George et al. (2009) found that drugs and toxins 

within a corpse may affect the development rate of insects that feed on them and it is vital to 

quantify these effects to accurately calculate minimum postmortem interval. In a study on 

effect of morphine on the growth rate of Calliphora stygia showed that the presence of certain 

toxicological substances in the feeding substrate can affect larval growth rates, thus, leading to 

an over- or under-estimation of minimum postmortem interval (George et al., 2009). In the 

study by Wolff et al. (2004), insect can be an alternative for toxicological analysis when other 

possibility to obtain samples such as blood, urine or internal organ is low. While, in a study by 

O’Brien and Turner (2004) showed that blowfly larval development was slightly impacted by 

paracetamol and thus may generate differences in estimating the PMI.  

 

2.5 Application of forensic entomology 

      Forensic entomology is considered as a major component of forensic science. Insects use 

the decomposing material as a food source as well as place to grow and develop into the adult 

stage. Primarily, insects collected from the crime scene can be used in determining the place, 

time and death in criminal case (Sumodan, 2002). Although the presence of species differ 

from country to country, season to season, and from habitat to habitat, the basic pattern and 
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sequences of insects in decomposition of carcass is remarkably constant around the world. 

Hence, the succession of the entomofauna is important in crime investigation. There are two 

important groups of insect involved in the forensic investigation from a forensic angle. Flies, 

whose larvae are capable of living in a semi liquid medium, are also the first insect to arrive 

and colonize in decomposing carcass. In contrast, beetles are the insect that attracted at a later 

stage when the corpse has been almost dried out (dry remain).  
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CHAPTER 3 

METHODOLOGY 

3.1 Site of experiment 

      This study was carried out in a peat swamp forest located behind the Kolej Kenanga in 

UNIMAS. The study site was divided into two for the experiment. The reading of study site 

was taken by using the GPS receiver. The location of chloroform-killed rabbit carcass is N 01° 

27.712’, E 110° 27.214’ and carbon dioxide-killed rabbit carcass is N 01° 27.733’, E 110° 

27.207’.  

 

Figure 3.1 Map showing the location of study site at East UNIMAS campus. 
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3.2 Carcass preparation 

      Rabbits used in two experiments were purchased from Satok Market. The mass of each 

rabbit used (average 505g) were approximately the same in the study. Two rabbits were 

euthanised with different method; with one of it was asphyxiated with carbon dioxide (site B) 

and the other was euthanised with excessive exposure to chloroform (site A). Both carcasses 

were placed separately in a cage with the distance of 50m apart from each other. The size of 

cage used for the protection of carcass from larger scavenger measuring 60cm x 40cm x 42cm 

made with 5cm x 3cm mesh.  

Figure 3.2 cage used in protecting carcass from larger scavenger 
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 3.3 Field methods, sampling and preservation 

      The carcasses were examined twice a day, once in the morning and once in the afternoon. 

Daily observations such as ambient temperature, physical appearance, precipitate, humidity 

and surface body temperature were recorded. The ambient and body temperature were 

recorded using mercury thermometer. Relative humidity was measured by using psychrometer. 

Physical appearance was captured using camera model Nikon D3100 and condition of weather 

was also obtained from Kuching weather station.  

       Insects that visit the carcasses were collected and killed for further identification. Adult 

insects were collected using sweep net by sweeping around the carcasses. The adult flies were 

placed in the killing jar containing cotton soak with ethyl acetate. For maggot and other 

immature insects, specimen was collected using forceps and killed with hot water with the 

temperature of 75 °C to 80 ºC before placing them into vials that contain 75 % ethanol for 

preservation. All the adult insects were pinned using insect pin and kept in the collection box 

for further identification.  

 

3.4 Insect identification and data analysis 

      Specimens were identified according to key of insect provided by Harris and White (1984), 

Kurahashi and Magpayo (2000), and Tung (1983). Some of the adult insects were brought to 

the Sarawak Museum and Museum of Zoology, UNIMAS for identification based on voucher 

specimen. While, for the larvae or immature insect, key from Hideo Ishijama (1967) and 

Ghani (2009) were used for identification. For data analysis, Excell 2007 and SPSS 17.0 were 

used to analyze ambient temperature, body surface temperature, and relative humidity.   
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CHAPTER 4 

RESULTS 

      4.1 Ambient temperature and relative humidity 

      Three trial experiments were conducted in the peat swamp forest and each trial lasted for 

five days period. The first trial experiment began on November 15
th

 and lasted until November 

19
th

, 2011, totaling 5 days period. Ambient temperature for the first trial ranged from 27.64 °C 

to 30.9 °C (mean 29.3 °C, ±1.39 °C), relative humidity ranged from 80.8 % to 94.5 % (mean 

90.45 %, ±5.55 %). Five rainy days were recorded during the first trial experiment. In the 

second trial experiment (December 17
th

 until December 21
st
, 2011), ambient temperature 

ranged from 26 °C to 29.42 °C (mean 27 °C, ±1.39 °C), with relative humidity ranged from  

90.84 % to 92.5 % (mean 91.7 %, ±0.74 %). Again, five rainy days were recorded in the 

second trial experiment. During the third trial experiment (February 27
th

 until March 2
nd

, 

2012), ambient temperature ranged from 26.5 °C to 28.38 °C (mean 27.47 °C, ±0.75 °C), 

relative humidity ranged from 85.25 % to 88.75 % (mean 86.5 %, ±1.6 %). No rainy day was 

recorded during the third trial experiment (Figure 4.1 and 4.2). Results from data analyses 

show no significant different for changes of daily ambient temperature and relative humidity 

with the p values of 0.487 and 0.634 respectively where p ≥0.05 (Appendix A5). 
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Figure 4.1 Ambient temperature of the study site in peat swamp forest in UNIMAS during the 5 days of carcass 

decomposition period 

 

Figure 4.2 Relative humidity of the study site in peat swamp forest in UNIMAS during the 5 days of carcass 

decomposition period 
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4.2 Body surface temperature, maggot mass temperature, and decomposition stages 

      Body surface temperature for the carcass of rabbit killed with chloroform from first trial 

experiment until third trial experiment ranged from 26.47 °C to 30.44 °C (mean 27.94 °C, 

±1.83 °C). Maggot mass temperature varied from 27 °C to 29.2 °C (mean 28.07 °C, ±1.10 °C) 

(Figure 4.3). Five stages of decomposition were observed; fresh, bloated, active decay, 

advanced decay, and dry remain. Comparatively, body surface temperature for the carcass of 

rabbit killed with carbon dioxide ranged from 26.11 °C to 29.91 °C (mean 28.25 °C, ±1.46 °C). 

Maggot mass temperature for carbon dioxide-killed rabbit carcass varied from 26 °C to 

30.22 °C (mean 27.66 °C, ±1.97 °C). All the five stages of decomposition were also observed 

and recorded in the carbon dioxide-killed rabbit carcass’s decomposition. There is no 

significant difference between the body surface temperature of chloroform-killed rabbit 

carcass and carbon dioxide-killed rabbit carcass. The p value obtained from the independent 

sample T-test was 0.5 which is bigger than 0.05.  

      From the graph (Figure 4.3 and 4.4), the lines of the body surface and maggot mass 

temperatures recorded in carcass of rabbit killed with chloroform and control carcass were 

almost the same. Body surface temperature was not much different for both carcasses.  


