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Globally, in order to solve a crime during a legal procedure, the presentation of palpable proof at court is the main tool. The contribution of necrophagous insects to this issue has recently increased as these invertebrates appear to comprise one of the major modern methods for the reinforcement of the judiciary system. This scientific discipline known as forensic entomology is a field of criminalistics/criminology that aims to use the results gathered from the study of insects collected at a crime scene in order to solve crimes involving wildlife or other animals/humans. In court, questions such as the estimation of the time of death, the cause of death, the movement of the corpse after death, and neglect of elderly are recurrent during a criminal investigation. In order to gather data that can be exploited to answer the aforementioned questions, we conducted, from March 18 to June 12, 2023, an experiment on carcasses of rats (Rattus norvegicus, Berkenhout, 1769, var. Wistar) within the University of Yaounde 1 campus. These were exposed to an open-air environment inside a wooden cage for protection in the bush behind Amphitheater 502 of the Faculty of Science of the University of Yaounde 1. The aim of this research work was to census necrophagous arthropod fauna that can always be exploited as harmless witnesses at the crime scene in order to determine the time of death, the cause of death, and the movement of the carcass after the crime. A total of 2,345 arthropod fauna belonging to three classes (Arachnida, Myriapoda, and Hexapoda), 16 orders (Acari, Araneida, Chilopoda, Diplopoda, Diptera, Coleoptera, Lepidoptera, Dermaptera, Hemiptera, Hymenoptera, Dictyoptera, Collembola, Homoptera, Orthoptera, Psocoptera, and Thysanura), 37 families, 14 genera, and 27 species were included in the census. This cadaveric fauna, referred to as “silent crime scene witnesses,” constitutes many trophic guilds such as predators, necrophagous and omnivorous, with 541, 1,289, and 294 insects, respectively. The aforementioned leading guilds were secondarily followed by saprophagous, opportunists, parasitoids, hematophagous, and accidental host, with 122, 85, 8, 3, and 2 individuals, respectively. The present preliminary forensic entomology research work obtained a high biodiversity of necrophagous arthropod fauna from the study site, which showed the presence of several trophic guilds that can potentially be used as accurate tools during faunal criminal inquiries within the Central African sub-region.
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1 Introduction

Nature is subject to damage due to anthropic activity around the world. This damage in nature affects both vegetals and animals, both wild and domestic. The management of wild animals is a crucial issue as people often use them for food, for illicit trafficking, for decoration, for trade, and for guarding/safekeeping, while some others are killed only for fun or for commercial purposes.

In the case of murder, the determination of the cause/time of death is one of the most important pieces of information during the inquiry (Feugang Youmessi et al., 2021; Feugang Youmessi, 2023, 2024). This exercise can be performed both by the legist medical doctor within 3 days after the death or by an entomologist. After this period of time, the estimation of the time/cause of death is given over only to an entomologist specialized in forensics. Forensic entomology is the use of insects and other arthropods in solving a crime (Naman et al., 2024; Thummela et al., 2024; Zongo et al., 2023) or the study of insects in a legal context (Gelderman et al., 2021). In the case of a wildlife crime scene, forensic entomologists use wild animal carrion insect communities to obtain pieces of evidence in the case of murder, accident, or poaching as these insects are natural silent witnesses to the crime scene (Catts and Goff, 1992; Braet et al., 2012). It is assumed that larvae that are found feeding on a corpse might have ingested, incorporated, and bioaccumulated chemical metabolites of poison such as barbiturates, cocaine, amphetamine, and other toxins from the cadaver into their own tissues (Catts and Goff, 1992). The insect tissues can then be analyzed to detect these substances. This analysis is more important when the corpse is at an advanced stage of decay, when there is no more blood, or when it is no longer possible to use the common toxicological methods of isolating the drugs. This offers insects as physical evidence during legal procedures after the use of poaching worldwide, except in Africa in general and in the Central African sub-region in particular, where publications in this domain are poor/scarce or are simply non-existent. The main families generally captured on corpses include Calliphoridae, Muscidae, Sarcophagidae, Sepsidae, Staphylinidae, Histeridae, Cleridae, Dermestidae, and Trogidae.

The aim of this research work was to census and identify these arthropod fauna, particularly the cadaver insects that are generally neglected in wildlife crime scenes but are also useful alongside the other items collected by people during inquiries.




2 Materials and methods



2.1 Site of the study

This experiment was conducted on the campus of the University of Yaounde 1, where two carcasses of rats (Rattus norvegicus Berkenhout, 1769, var. Wistar), each weighing approximately 350 g, were used as models in the research experiment. The carcasses were exposed inside one wooden cage (150 cm × 150 cm × 150 cm) into a bush opposite Amphitheater 502 of the Faculty of Science (11°33′01″ E–3°51′35″ N; altitude, 720 m), from March 18 to June 12, 2023. The climate of this area is described as “Yaoundean type,” which is characterized by four distinct seasons of unequal duration: a long dry season from mid-November to mid-March, a short rainy season from mid-March to mid-June, a short dry season from mid-June to mid-August, and a long rainy season from mid-August to the end of October. The average annual rainfall fluctuates between 1,600 and 2,000 mm, while the average annual temperature varies between 22°C and 42°C (Kengne and Atangana, 2010; Abessolo et al., 2015). The vegetation/landscape of this part of the campus is dominated mainly by the presence of Elaeis guineensis Jacq, 1763, Musa sp., Ipomea batatas Lam, 1793, and Zea mays Linné, 1753.




2.2 Biological material management and sampling exercise

The 3-month-old rats (R. norvegicus Berkenhout, 1769, var. Wistar) were brought to the site, weighed, and euthanized by a veterinarian according to ethical rules of the management of animals. Immediately, the rat carcasses were placed inside the cage, the sampling protocols of which followed those of Carvalho et al. (2004). The ambient air temperature was registered every day with a thermo-hygrometer placed inside the cage. The sampling of flying insects was undertaken three times daily during the first postmortem week using a combined method of mosquito nets, hand picking with flexible forceps, and a pitfall trap once daily until the disappearance of all soft tissue (the skeletonized stage). Subsequently, the insect samples were stored in 70% ethanol for identification using a binocular stereomicroscope according to the identification key of Delvare and Alberlenc (1989); Kurahashi and Kirk-Spriggs (2006); Whitworth (2010); Irish et al. (2014), and Rochefort et al. (2015).





3 Results and discussion



3.1 Steps of the corpse decaying process

Observations of the physical modifications that occurred during the corpse decay yielded five distinct alteration stages: the fresh stage, which lasted for 2 days (days 1 and 2); the bloated stage, from day 3 to day 4; the putrefied stage, from day 5 to day 9; the dried stage, which lasted from day 10 to day 61; and the last stage, called the skeletonized stage, which started from day 62 to the end of the decomposition of the carcasses (Table 1). This finding on the decay process segmentation is in parallel with the recognition made by Dekeirsschieter et al. (2012); Shaalan et al. (2017); de A Azevedo et al. (2018); Gelderman et al. (2021), and Zongo et al. (2023), although the names of the stages varied. However, Schieweck et al. (2024) and Taleb et al. (2017) identified three and four steps, respectively. This inconsistency may be understood as a result of the geographic variations of the abiotic parameters linked to each experimental site, as the process of corpse alteration is typically related to environmental factors.


Table 1 | Decaying states, duration, physical modifications of the carcasses, and related necroentomofauna.



Table 1 provides a summary of the specific insects according to the state of decay. The fresh state was dominated by the family Calliphoridae (Hemipyrellia fernandica and Chrysomya albiceps), while the bloated state was dominated by Calliphoridae (Chrysomya laxifrons), Muscidae (Musca sp., Ophyra sp., and Hydrotaea sp.), Formicidae (Paratrechina weissi, Cardiocondyla emeryi, Plagiolepis brunni, and Oecophylla longinoda), and the first appearance of Staphylinidae, Histeridae, and Trogidae. The putrefaction phase was dominated by the families Muscidae (Atherigona sp.), Sarcophagidae (Sarcophaga africa), Braconidae (Coelalysia nigriceps), Sepsidae (Sepsis sp.), and Formicidae (Monomorium exiguum and Lepisiota sp.). The dried stage was colonized by the families Sphaeroceridae, Tenebrionidae, Scarabaeidae, Anthomyiidae, Sarcophagidae (Sarcophaga zumpti and Sarcophaga inaequalis), and Cleridae (Necrobia rufipes), while the skeletonization phase was characterized by the families Ptiliidae, Enicocephalidae, Tipulidae, Dermestidae, Cleridae, and Lygaeidae. This relation of the necroentomofauna to the state of the decay process can be used to estimate the time of death, the cause of death, and the place of death. The high diversity of cadaver-related fauna is in line with the results obtained by Dao et al. (2018); Feugang Youmessi et al. (2021); Irish et al. (2014); Koffi et al. (2017), and Rochefort et al. (2015) in the Ivory Coast, in Cameroon, and in South Africa.

Similar to Geissenberger et al. (2024); de A Azevedo et al. (2018), and Ourrad et al. (2022), this fauna belongs to several trophic guilds such as necrophages, predators, omnivores, saprophages, opportunists, parasitoids, hematophages, and accidental hosts, among which necrophages are the most important insects used for forensic entomology during crime scene investigations on wildlife animals/domestic animals.




3.2 Insect succession

The predictable succession patterns of silent witnesses of the crime scene, called corpse feeders in the present research, are consistent with the patterns obtained around the world, even though the taxonomic aggregation/assemblage of the two main taxa (Diptera and Coleoptera) were different. This difference of the families in these orders can be explained by the divergence of the environmental characteristics, such as the climate (temperature, relative humidity, wind speed, and pluviometry, among others), the sampling artifacts, and the size of the biological model used, as emphasized by Geissenberger et al. (2024); Thümmela et al. (2024), and Naman et al. (2024).

We recorded a total of 2,345 insects, shared between 3 classes, 13 orders, 37 families, 14 genera, and 27 species (Table 2). Other researchers captured more corpse feeders: de A Azevedo et al. (2018) gathered 10,559 individuals, while Taleb et al. (2017) sampled 8,817 individuals. This variation in number could be the consequence of several scales related to abiotic variables and to interspecific competition within the necroentomofauna assemblages/communities, as well as to specific disturbances as co-inhabiting species are in permanent competition. Each degradation level was endorsed by some specific cadaveric fauna, as reported by Feugang Youmessi (2014) and Schieweck et al. (2024). Hence, the first and second postmortem days can be dated with the presence of H. fernandica, C. albiceps, Chrysomya putoria, Lucilia cuprina, Lucilia sp., and Chrysomya sp. (Calliphoridae). Days 3 and 4 can be dated with the presence of Chrysomya laxifrons (Calliphoridae), Musca sp., Ophyra sp., Hydrotaea sp. (Muscidae), P. weissi, C. emeryi, P. brunni, O. longinoda (Formicidae), Staphylinidae, Histeridae, and Trogidae. From day 5 to day 9, species such as Atherigona sp. (Muscidae), S. africa (Sarcophagidae), C. nigriceps (Braconidae), Sepsis sp. (Sepsidae), M. exiguum, and Lepisiota sp. (Formicidae) can be found. Species such as S. zumpti, S. inaequalis (Sarcophagidae), N. rufipes (Cleridae), Sphaeroceridae, Tenebrionidae, Scarabaeidae, and Anthomyiidae comprised the fauna found from day 10 to postmortem day 61, while day 62 to the end of the decomposition are characterized by the presence of Ptiliidae, Enicocephalidae, Dermestidae, Cleridae, Tipulidae, and Lygaeidae. This postmortem estimation is in line with the results observed by Dao et al. (2018); Feugang Youmessi (2023, 2024), Koffi et al. (2017); Rochefort et al. (2015), and Zongo et al. (2023) in the Ivory Coast, in Cameroon, in South Africa, and in Burkina Faso.


Table 2 | Genera/species collected during the present study.



Among the cadaveric organisms, Diptera (Calliphoridae) was the dominant family, followed by Coleoptera or beetles, corroborating the results of other experiments in Cameroon (Fantio et al., 2022; Feugang Youmessi et al., 2021; Feugang Youmessi, 2023; Feugang Youmessi and Djonga, 2024; Djonga, 2024), Africa (Koffi et al., 2017; Zongo et al., 2023; Naman et al., 2024; Taleb et al., 2017; Yapo et al., 2017), and worldwide (de A Azevedo et al., 2018; Amendt et al., 2004; Anderson, 2020; Lutz et al., 2017, 2019; Maisonhaute and Forbes, 2020; Ourrad et al., 2022).

Similar to Geissenberger et al. (2024); de A Azevedo et al. (2018), and Ouiza et al. (op. cit.), this fauna belongs to several trophic guilds such as necrophagous, predators, omnivorous, saprophagous, opportunists, parasitoids, hematophagous and accidentals, among which the necrophages are the most important insects in forensic entomology.





4 Conclusion

This research work highlights the importance of the use of some invertebrates, particularly insects, in solving crimes related to murder, accidents, and illicit trafficking or poaching affairs in court or during preliminary inquiries. Observation of the physical modifications that occurred during the decay process yielded five stages of decomposition, namely, the fresh stage (days 1 and 2), the bloated stage (days 3 and 4), the putrefied stage (days 5 to 9), the dried stage (days 10 to 61), and the skeletonized stage (day 62 toward the end). The potential strong candidates that can be used as proof in solving crimes are the Diptera families including Calliphoridae [Chrysomya albiceps (Wiedemann, 1819), Chrysomya laxifrons (Villeneuve, 1814), Chrysomya putoria (Wiedemann, 1830), Hemipyrellia fernandica (Manquart, 1855), L. cuprina (Wiedemann, 1830), Lucilia sp. (R-D, 1830), Hemipyrellia sp. (Towsend, 1918), and Chrysomya sp. (R-D, 1830)]; Sarcophagidae [Sarcophaga africa (Wiedemann, 1824), Sarcophaga inaequalis (Austein, 1909), and Sarcophaga sp. (Meigen, 1826)]; and some Coleoptera. This research work must be replicated in order to isolate the necrophagous species that could be used for the determination of the values of the quantity of energy use by each to complete its life cycle, called the accumulated degree day (ADD) or the accumulated degree hour (ADH). These values will help in the estimation of the time elapsed since death (postmortem interval) and, therefore, the date of the crime.
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State of
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Related entomofauna

Fresh

Swollen

Putrefied

Dried
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Days 1 and 2

Day 3 and 4

Days 5-9

Days 10-61

Day 62 to
the end

The animal appears to be alive, the skin is flexible, and there is no
noticeable odor by human nostrils. Upon arrival, a few insects firstly
fly around the carcass and lay eggs inside the localized

natural orifices.

Slight flow of cadaveric liquid, presence of small larvae at the natural
holes, noticeable odors when you bend, eyes with orifices, swelling of
the body, then an increased number of insects

The animal is deflated, presence of a huge number of larvae and
adult insects, high level of odors, skin with holes and some hairs
found on the ground near the carcass. The soil around the corpse is
stir due to the migration of the larvae from the corpse to beneath
the soil.

Larvae are almost absent, and there is an increase in the number of
holes on the skin alongside its dryness, accompanied by its decaying
state. Almost all the hairs are on the ground, and some have started
to decay. Only a few insects.

Only a few adult insects present on the corpse. Disappearance of soft
tissue, except for a few at the level of bones, which are the only real
carcass remaining.

Calliphoridae: Hemipyrellia fernandica, Chrysomya
albiceps, C. putoria, Lucilia cuprina, Lucilia sp., and
Chrysomya sp.

Calliphoridae: Chrysomya laxifrons; Muscidae: Musca
sp., Ophyra sp., Hydrotaea sp.; Formicidae: Paratrechina
weissi, Cardiocondyla emeryi, Plagiolepis brunni,
Oecophyla longinoda; Staphylinidae; Histeridae;

and Trogidae

Muscidae: Atherigona sp.; Sarcophagidae: Sarcophaga
africa; Braconidae: Coelalysia nigriceps; Sepsidae: Sepsis
sp.; Formicidae: Monomorium exiguum and

Lepisiota sp.

Sarcophagidae: Sarcophaga zumpti and Sarcophaga
inaequalis; Cleridae: Necrobia rufipes; Sphaeroceridae,
Tenebrionidae; Scarabaeidae; and Anthomyiidae

Ptiliidae, Enicocephalidae, Dermestidae, Cleridae,
Tipulidae, and Lygaeidae





OEBPS/Images/table2.jpg
Genus/species mber
Atherigona sp. (Rondani, 1856) 36
Cardiocondyla emeryi (Menozzi, 1930) 9
Chrysomya albiceps (Wiedemann, 1819) 192
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Chrysomya putoria (Wiedemann, 1830) 200
Chrysomya sp. (R-D, 1830) 106
Hemipyrellia fernandica (Manquart, 1855) 182
Hemipyrellia sp. (Towsend, 1918) 140
Hydrotaea sp. (R-D, 1830) 45
Lepisiota sp. (Santschi, 1926) 23
Lucilia cuprina (Wiedemann, 1830) 159
Lucilia sp. (R-D, 1830) 222
Musca sp. (Linnaeus, 1758) 108
Undetermined 110

Genus/species

Paramesius sp. (Westwood, 1832)
Paratrechina sp. (Motschulsky, 1863)
Pheidole sp.(Westwood, 1839)
Plagiolepis brunni (Mayr, 1895)
Sarcophaga africa (Wiedemann, 1824)
Sarcophaga inaequalis (Austein, 1909)
Sarcophaga sp. (Meigen, 1826)

Sepsis sp. (Fallén, 1010)

Tapinoma luteum (Emery, 1895)
Ophyra sp. (R-D, 1830)
Odontomachus troglodytes (Santschi, 1914)
Myrmicaria opaciventris (Emery, 1893)
Tetramorium sp. (Mayr, 1855)
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