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Burial has a special influence on carrion fauna, which may change the rate of decomposition and so affect
postmortem estimates. This study aimed to identify species and succession of beetles on buried remains.
From 28 January to 31 May 2021, we examined the Coleoptera on buried and exposed rabbit carcasses, on
the campus of the University of King Saud in an area measured around 175 m by 250 m. The area is
almost entirely devoid of flora, except for a few acacia trees and some common wild herbs. It is about
1 km away from residential neighborhoods. In total, 165 specimens belonging to 4 families were col-
lected. The Tenebrionidae was the most abundant family, where it formed 52% at a depth of 20 cm
and 78% at a depth of 40 cm in the buried carcasses, while the family Dermestidae was the most abundant
in the surface carcasses, as it formed 53% of the insects sampled. Type Mesostena puncticollis Solier, 1835
(Tenebrionidae) predominated at exposed carcasses as well as at depths of 20, 40 cm and while type
Dermestes frischii Kugelann, 1792 (Dermestidae), predominated at depth of 40 cm and exposed carcasses,
and type Saprinus chalcites (Illiger, 1807) (Hisiteridae) at depth of 20 only. These findings are possibly use-
ful in forensic investigations involving buried bodies in Riyadh, Saudi Arabia.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Forensic entomology is the study of insects and other arthro-
pods discovered on a carcass and are used to solve crime especially
in medico legal cases (Byrd and Tomberlin, 2019; Haskell and
Williams, 2009). Succession is the action of proceeding sequen-
tially or in order. until a stable peak community is achieved, one
dominant insect species or community in an ecosystem is gradu-
ally replaced by another While decomposition is a continuous pro-
cess that is typically broken down into different stages, such as
fresh, bloated, advanced decay, and decay stage. Decomposing car-
casses is an appealing resource to many species of necrophagous,
opportunistic and occasional insects (Byrd and Tomberlin, 2019;
Haskell and Williams, 2009).
Insects and other arthropods are used by forensic entomologists
as a source of information while conducting investigations into
legal matters (Catts and Goff, 1992; Keh, 1985). However, prior
knowledge of the fauna present and connected with carcasses is
necessary for this discipline. It is also feasible to calculate the post-
mortem interval [PMI], or the period of time between death and
cadaver finding, using biological elements (such as development
time) and species succession patterns (Lord, 1990; Smith, 1986).

Three of the most important factors that could affect the
decomposition process are temperature, access insect and burial
depth (Mann et al., 1990). Temperature and humidity have a signif-
icant impact on both the rate of decay and the presence of arthro-
pods on the body. Rapid body decomposition is caused by higher
humidity and temperature levels‘, whereas slower decomposition
is instigated by the opposite conditions (Monteiro-Filho and
Penereiro).

Buried carcasses’ patterns of decomposition differ from those of
exposed carcasses in this regard. Larval growth is hindered because
the soil temperature is often lower and less changeable than the
ambient temperature (VanLaerhoven and Anderson, 1996). More-
over, the type of soil slows down aerobic bacterial activity
(Bornemissza, 1957).

A prominent class of insects of forensic value is the Coleoptera.
Numerous investigations of pig and rabbit carcasses, as well as
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buried human corpses, have revealed a variety of Coleoptera spe-
cies, including Athetini sp, Oxytelus insignitus Gravenhorst, Anoty-
lus sp, Aleochara spp, Philonthus spp, and Emus hirtus (L.),
Histeridae (Saprinus furvus Erich, Leiodidae, Carabidae, and Silphi-
dae (Arnaldos et al., 2005; Corrêa et al., 2014; Payne et al., 1968;
VanLaerhoven and Anderson, 1996; VanLaerhoven and Anderson).
Nonetheless, all of this knowledge was derived from studies done
in Europe and America. There are no records on Coleoptera succes-
sional patterns and community composition on buried carcasses in
Saudi Arabia.

The major goal of this study was to identify the species compo-
sition of Coleoptera discovered in buried carcasses in Riyadh due to
the significance of these insects for forensic entomology and the
paucity of studies on these insects in buried tombs in Saudi Arabia.
2. Materials and methods

The experiment was carried out between 28 February to 31 May
2021 in the University of King Saud’s campus‘‘ (43�240N, 46�360E)
Diriyah - Riyadh - Saudi Arabia (Fig. 1). Warm temperate environ-
ment with a scorching summer best describes the local climate.
Fig. 1. Stud
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The temperature ranged throughout the study period from 18 to
39.2�c.

Twenty-four mature rabbits Oryctolagus cuniculus L. (Lagomor-
pha: Leporida), were buried., Their weight ranges between
(1400–2200 g). The animals were sacrificed by chloroform. The
use of rabbits was approved by the Research Ethics Committee,
AL-Imam Muhammad Ibn Saud Islamic University project number
(35–2021). To simplify removal and stop scavenging by other ani-
mals, the rabbits were placed on top of chicken wire-covered holes
with a mesh size of 25 mm. and buried in a grave, 60 � 30 cm in 20,
40 cm deep. In accordance with the technique employed by
(VanLaerhoven and Anderson, 1996).

All the graves were at least 10 m from each other and placed in
a metal cage measuring 60 by 50 by 30 cm3 to deter scavengers. A
probe (EM50G data logger, Ecotone, Gdynia, Poland) was buried
next to the grave at the same depth to measure the soil’s temper-
ature and humidity. And were programmed to take a temperature
and humidity reading every hour.

Insects were inspected in the soil above the buried bodies
before excavation began. The bodies were placed into different
plastic bags after the grave’s soil was carefully removed during
y site.
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the exhumations to reveal the body. In addition to the rabbit’s car-
cass, insects were also extracted from the layers of soil cover and
the exposed soil at the bottom of the hole using forceps and
brushes. Forceps were used to capture larval specimens, Fifty per-
cent of which were then stored in 70% ethanol, and to help with
identification, Fifty percent of beetles larvae were reared to adult-
hood. According Martín-Vega et al (2017) larvae was placed into a
small plastic container (10� 10� 8 cm) containing apiece of rabbit
skin (c. 5 � 5 cm), and tissue paper as a refuge for pupation.The
plastic container was placed in an incubator under the tempera-
ture 30�c. In addition, adults and larvae were regularly collected
from the surface of exposed carcasses using the abovementioned
methods. Using the literature that was accessible, the insects were
identified (Almeida and Mise, 2009; Fikáček and Boukal, 2004;
Mazur, 2001; Navarrete-Heredia et al., 2002).

2.1. Analysis of data

To ascertain the statistical differences in the number of Coleop-
tera groups in buried and surface carcasses at various depths. The
mean and standard deviation was calculated using IBM SPSS Statis-
tics 28.0.0.0.

3. Results

3.1. Thermodynamics and humidity

The daily average air temperature varied between 18 and 38�-
during the experiment. At 40 cm, the daily average soil tempera-
ture varied between 21.4 and 39.2 �C; at 20 cm, it varied
between 21.5 and 36.5 �C (Fig. 2). It was found that there were dif-
ferences in the surface (ambient) air humidity and the soil humid-
ity of the graves at various depths. Soil humidity varied less at both
depths than the surrounding air humidity (Fig. 3).

3.2. Decay rate

The decomposition rate of carcasses above-ground was 30 days,
whereas for buried bodies it was 120 days. Both types of carcasses
went through four decomposition stages. The stages for above-
ground carcasses were fresh, bloated, decay, and dry. In contrast,
buried carcasses went through the stages of fresh, bloated,
Fig. 2. Ambient air and soil temperatures on
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decay/advanced decay, and dry. The dry stage was observed in bur-
ied carcasses after 60 days, while exposed carcasses reached this
stage within 14 days (Fig. 4).

3.3. Families Collected.

In total, 165 specimens belonging to 4 families were collected.
The Tenebrionidae was the most abundant family, where it formed
52% at a depth of 20 cm and 78% at a depth of 40 cm in the buried
carcasses, while the family Dermestidae was the most abundant in
the surface carcasses, as it formed 53% of the insects sampled
(Fig. 4). The dominant species at depth 20 were M. puncticollis
and S. chalcites, at 40 cm were M. puncticollis and D. frischii. Also,
D. frischii and M. puncticollis were predominant in the surface car-
cass (Fig. 5).

3.4. Succession Pattern.

M. puncticollis and S. chalcites were collected from carcasses
buried in both depths and surface; N. eremita at a depth of only
20 cm; D. frischii at a depth of only 20 cm and the surface carcasses;
and Adesmia stoeckleini and Adesmia cothurnata only from surface
carcasses Table 1.

D. frischii and M. puncticollis appeared in the decay/advanced
decay stage on day 30 and continued throughout the dry stage
until day 90 in buried carcasses. While, D. frischii appeared only
in the decay stage andM. puncticollis in the dry stage in surface car-
casses. S. chalcites was recorded on the 40 day in the decay/ad-
vanced decay stage and continued to the 70 days in the dry stage
on buried carcasses, While it appeared in the decay stage only on
surface carcasses. As for N. eremita it appeared only in the stage
of putrefaction on corpses buried at a depth of 20 cm, and A.
cothurnata and A. stoeckleini appeared only on surface carcasses
in the stage of bloated and decayed, respectively (Tables 2 and
3). Fig. 6 shows all species recorded in this study.

4. Discussion

The observed decay rates of carcasses above-ground and buried
bodies provide valuable insights into the decomposition process.
Both types of carcasses, undergo four distinct decomposition
stages. Carcasses progress from the fresh stage, where the carcass
a daily basis for 120 days at 20, 40 cm.



Fig. 3. Average daily humidity of ambient air and soil for 120 days at 20, 40 cm.

Fig. 4. Stages of decomposition of buried rabbits carcass (A) and carcass above the surface of the soil (B).
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is newly deceased, to the bloated stage, characterized by the accu-
mulation of gases and bloating of the body. This is followed by the
decay stage, where the carcass starts to break down and undergo
biological decomposition. Finally, the carcass reaches the dry stage,
4

indicating a state of advanced decomposition where only skeletal
remains and desiccated tissue are left.

The most notable disparity between above-ground and buried
carcasses is the time it takes to reach the dry stage. Buried car-



Fig. 5. Percentage of families and distribution of Coleoptera species collected from carcasses at different depths 0, 20 and 40 cm.

Table 1
A matrix showing the presence or absence of beetles at different burial depths and soil surfaces.

family Genus and species buried soil surface

20 cm 40 cm

Dermestidae Dermestes frischii
p

–
p

Tenebrionidae Adesmia stoeckleini – –
p

Adesmia cothurnata – –
p

Mesostena puncticollis
p p p

Hisiteridae Saprinus chalcites
p p p

Nitidulidae Nitidula eremita
p

– –

Beetles species presence (
p
) or absence (–).

Table 2
Succession and timing of species of beetles found on rabbit carcasses buried between 20 and 40 cm deep.

Days family Genus and species D. stage 20 cm 40 cm

10 – – Bloated – –
20 – – Decay/ advanced decay – –
30 Dermestidae Dermestes frischii A3 –

Tenebrionidae Mesostena puncticollis A6 –
40 Dermestidae Dermestes frischii A12/L6 –

Tenebrionidae Mesostena puncticollis A3 –
Nitidulida Nitidula eremita A3 –
Hisiteridae Saprinus chalcites A3 –

50 Tenebrionidae Mesostena puncticollis A12 –
Total 45 0
Mean 6.42 ± 0.70 0 ± 00
60 Dermestidae Dermestes frischii Dry A6 –

Tenebrionidae Mesostena puncticollis A15 A6
Hisiteridae Saprinus chalcites – A3

70 Hisiteridae Saprinus chalcites A3 A3
Tenebrionidae Mesostena puncticollis – A15

80 – – – –
90 Tenebrionidae Mesostena puncticollis A9 –

Dermestidae Dermestes frischii A3 –
100–120 – – – –
Total 36 27
Mean 7.20 ± 0.74 6.75 ± 0.94
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Table 3
succession and timing of the species of beetles that were gathered from exposed rabbit carcasses.

Days Family Genus and species D. stage Numbers

01-Feb – – Fresh –
03-Jul Tenebrionidae Adesmia cothurnata Bloated A3
8 Dermestidae Dermestes frischii Decay A9

Hisiteridae Saprinus chalcites A3
9 Dermestidae Dermestes frischii A9

Hisiteridae Saprinus chalcites A6

Tenebrionidae Adesmia cothurnata Glabrior A3
10 Dermestidae Dermestes frischii A12

Tenebrionidae Adesmia stoeckleini A3
Nov-19 – – –
20 Tenebrionidae Mesostena puncticollis Dry A3
21 – – –
22 Tenebrionidae Mesostena puncticollis A3

23–29 – – –
30 Tenebrionidae Mesostena puncticollis A3

Fig. 6. Beetles collected during sampling.
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casses require 60 days to reach this stage, while exposed carcasses
accomplish the same state in just 14 days. This discrepancy implies
that burial significantly prolongs the decomposition process, possi-
bly due to reduced exposure to oxygen and external factors that
accelerate decay (Tibbett & Carter, 2008).

Dermestidae a storage pest that consumes dry organic material
predominated throughout the post-exhumation period and served
as its primary defining feature. They may enter through any open-
ing during the butyric fermentation stage or when the corpse is
dry, and they frequently settle on exposed corpses. They may also
be attracted to dry tissue, hair, bones, or the carcasses of dead
6

insects, as well as the presence of fibres or fabrics (Mariani et al.,
2010). Dermestids have a crucial role in the interpretation of
taphonomic techniques in forensic research (Mariani et al., 2010;
Oliva, 1997) and archaeological contexts, as well as in the recon-
struction of historical environments (Centeno et al., 2009;
Fugassa et al., 2008; Huchet and Greenberg, 2010). Since they
may also cause small-scale damage to bones during mummifica-
tion, their existence is very instructive (Huchet et al., 2013;
Martin and West, 1995; Schroeder et al., 2002).

Dermestes frischii is a species widely distributed all over the
world. Lefebvre and Gaudry (2009) report that the dermestids
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arrive to animal carcasses in the third wave, during the advanced
decay stage. in Riyadh recorded D. frischii on rabbit carcasses dur-
ing winter and autumn. In Al-Ahsaa, Shaalan et al. (2017) recorded
Dermestidae on rabbit carcasses during winter, summer, and
autumn. In our current study, it was recorded in the decay stage
in the winter and spring on the exposed carcasses and at a depth
of 20 cm on the buried carcasses in our current study. it has been
found on pig carcasses buried 60 cm deep in southern Italy
(Bonacci et al., 2017), and collected in Turkey on rabbit carcasses
in the soil at a depth of 30 cm (Kekillioğlu and Bas�ar, 2019), and
on carcasses of pigs buried at a depth 40 cm (Les�inin and
Bölgesinden, 2018). It was only recorded on exposed Saudi Arabian
corpses (Al-Khalifa et al., 2020; Al-Shareef and Al-Mazyad, 2017;
Mashaly et al., 2019; Shaalan et al., 2017).

Few investigations have been done to determine the impor-
tance of Nitidulidae for forensic entomology (Byrd and Castner,
2009). Although they feed on dried skin at around the same time
as the Dermestidae during the dry stage of decomposition, larvae
and adults prefer skin with more moisture (Payne and King,
1970). reported Martinez et al., (2017) that all nitidulids found
on pigs in Colombia occurred 13–51 days after death, and were
all at an advanced stage of decay. in our study N. eremita was col-
lected at a depth of 20 cm in Decay/advanced decay, and as far as
we know, this species was not recorded on corpses, but other spe-
cies belonging to the Nitidulidae family were recorded. Collected
Nitidulidae sp and Omosita colon (L.) (Nitidulidae) in exhumations
at a depth of 30 (Corrêa et al., 2014; Pastula and Merritt, 2013). and
they were collecting Carpophilus hemipterus (Nitidulidae) from
exposed carcasses (Abd El-Bar et al., 2016). In Brazil, exposed
corpses of three more species and Carpophilus sp. were collected.
(Mise et al., 2007). Moreover, in Colombia, Turkey, Canada, and -
China, Nitidulidae has been connected to carrion (Özdemir and
Sert, 2009; VanLaerhoven and Anderson, 1996; Wang et al.,
2008; Wolff et al., 2001).

The Histeridae mostly feed on insect eggs and larvae, most of
which inhabit animal carcasses, rotting plant materials, and man-
ure. In the early stages of decomposition, many species can be
found in carcasses, where they feed on fly larvae (Baviera and
Vienna, 2019; Mazur, 2007). Histeridae are frequently seen in
exposed carcasses (Almeida and Mise, 2009), S. chalcites the only
one collected in this study. It was collected in many areas of Saudi
Arabia from the surface carcasses, in Al-Baha in all seasons except
winter (Abouzied, 2014), in jeddah in autumn and winter (Al-
Shareef and Al-Mazyad, 2017), in Al-Ahsaa Oasis in all seasons
(Shaalan et al., 2017). other species belonging to the family Histeri-
dae were recorded, such as S. splendens, S. semistriatus, S. moyses, S.
ruber and S. semipunctatus in Saudi Arabia on exposed carcasses
(Abouzied, 2014; Mashaly et al., 2020; Mashaly et al., 2018). In
contrast, the Saprinus sp. species was collected from the carcasses
of rabbits buried at a depth of 30 cm in Turkey (Kekillioğlu and
Bas�ar, 2019). Record Euspilotus assimilis, Saprinus pensylvanicus
and Saprinus sp. (Histeridae) on pork piece buried at a depth of
30 cm in India (Bala and Kaur, 2014). Operclipygus subterraneus
Caterino and Tishechkin, 2013 (Coleoptera: Histeridae) is the only
Histeridae species collected in buried carcasses in South America
(Corrêa et al., 2012).

Numerous forensic entomology studies have discovered tene-
brionid beetles on the remains (Aballay et al., 2016; Santos et al.,
2014; Zanetti et al., 2015). These taxa, however, have been
regarded as incidental on cadavers (Corrêa et al., 2014; Özdemir
and Sert, 2009).M. puncticolliswas recorded on exposed rabbit car-
casses in Egypt (Hamdy et al., 2022; Sawaby et al., 2009).

Trophic interactions refer to the feeding relationships between
different organisms in an ecosystem. Beetles, being a diverse group
of insects, participate in various trophic interactions depending on
their specific ecological niche and feeding habits (Schoenly et al
7

1991). Dermestidae beetles play an important ecological role in
the decomposition process, breaking down animal carcasses and
other organic matter (von et al 2011). Histeridae beetles are often
found in habitats with decaying organic matter, dung, or carrion
(Shayya and Lackner 2020). Some nitidulidae species are scav-
engers, consuming decaying plant and animal matter (Nadeau
et al 2015). Many species within Tenebrionidae family are detriti-
vores and feed on decaying organic matter like dead plants and
animals. They play an important role in the decomposition process
(Aballay et al., 2016).

Overall, Each family plays a unique role in trophic interactions,
contributing to nutrient cycling and the overall functioning of
ecosystems.

5. Conclusions

The current study gives the first record of Coleoptera associated
with buried carcasses in the Riyadh, Saudi Arabia. and the data
acquired reveal intriguing variations in the beetles gathered,
demonstrating their applicability to the interpretation of cases
involving remains in comparable circumstances. It also demon-
strates the importance of conducting studies in different regions,
which would add to the body of knowledge for forensic entomol-
ogy. Further biochemical and molecular research upon beetles that
are collected from buried carcasses may be needed.
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