Saudi Journal of Biological Sciences (2017) 24, 430-435

ags2sdlloldl

King Saud University

King Saud University

Saudi Journal of Biological Sciences

www.ksu.edu.sa

i § alyall pglel Agage il Agegall
www.sciencedirect.com Ll pglel yagell figeg)

SAUDI BIOLOGICAL SOCIETY

ORIGINAL ARTICLE

Carrion beetles succession in three different habitats @QossMark
in Riyadh, Saudi Arabia

Ashraf Mohamed Ali Mashaly *

Department of Zoology, College of Science, P. O. Box 2455, King Saud University, Riyadh 11451, Saudi Arabia
Department of Zoology, Faculty of Science, Minia University, El-Minia, Egypt

Received 7 October 2015; revised 7 February 2016; accepted 8 February 2016

Available online 12 February 2016

KEYWORDS

Beetles;
Decomposition;
Forensic entomology;
Riyadh;

Saudi Arabia

1. Introduction

Abstract A main objective of the study is the establishment of a forensic entomological database
for Riyadh, Saudi Arabia. Decomposition processes and beetle succession were analysed on rabbit
carcasses in three different habitats (agricultural, desert and urban) in the period from May to July
2014. Due to the effects of the high temperature at the study sites, carrion reached the dry stage
within 12 days in the agricultural habitat, and 6 days in the desert and urban habitats. A total of
125 beetles belonging to eight species and five families were collected during the decaying process,
with their abundances increasing from the fresh to decay stages. The prevailing species belonged to
the families of Dermestidae and Histeridae. It was not possible to confirm any definitive relation-
ship between the occurrence of a single species and a particular stage of decomposition. The beetle
communities were also not distinctively different between desert and urban habitats, but a distinct
community was evident in the agriculture habitat. In addition, there were distinct beetle communi-
ties between the decay stage and the other stages. The dry stage recorded the lowest number of bee-
tles. This study indicated that, the habitat type had an effect on the decay process and the
abundance rate of the beetles.

© 2016 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. Thisis
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

graphical region (Watson and Carlton, 2003; Grassberger
and Frank, 2004; Matuszewski et al., 2010b). The rate of

Insects occurring on corpses can be analysed to help determine
the post-mortem interval (PMI) specific to a defined biogeo-
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decomposition, insect succession, seasonal availability and
composition of carrion communities are influenced not only
by the biogeoclimatic zone, but also by temperature and
humidity (Mann et al., 1990), by the type and the physical state
of the carcass remains (Anderson, 2010), as well as by habitat
loss and fragmentation (Anderson, 2010; Caballero et al.,
2012).

Coleoptera is the largest order, containing about a third of
all known insects (Byrd and Castner, 2010). Beetles occupy an
ecologically assorted piece of the carrion community, thus
providing a wide range of sources of potential evidence in
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medico-legal investigations (Schoenly et al., 2007). Necrophi-
lous beetles, which cannot be replaced by flies, play a pivotal
role not only in estimating minimum postmortem interval time
(m-PMI) of dry skeletal remains in the later stages of decom-
position, but also to determine the destruction and posture
changes of carcasses (Kulshrestha and Satpathy, 2001). Beetle
communities with criminological significance differ according
to the region, but the most common beetle species, included
in the following families were; Cleridae, Dermestidae, Histeri-
dae, Scarabaeidae, Silphidae and Staphylinidae (Hart and
Whitaker, 2005). Guo et al. (2012) reported that, most of the
developmental studies of carrion related insects have been
focused on flies, but beetle development have been largely
neglected.

The work reported here sought to test (i) whether different
habitats (agriculture, desert and urban) have an effect on bee-
tle diversity, community structure and succession patterns and
(ii) whether each habitat and each stage of decaying shows a
degree of taxonomic differences. Ultimately, we provide
detailed information on carrion beetle communities and suc-
cession patterns that can be used as an entomological reference
in Riyadh, Saudi Arabia.

2. Material and methods

The study was conducted in three different ecological habitats.
The first site was an agricultural area (24°44'36.54" N,
46°33'45.12" E), where the nearest human dwelling was
approximate 1 km from the study site, and which contained
many palm trees and grasses. The second site was a desert area
(24°47'41.61" N, 46°32'38.47" E), where the nearest human
dwelling was approximate 4.5 km from the study site. At this
site, the soil, which was composed mostly of rocks, was extre-
mely hard-packed and dry. The third site was an urban area
(24°43'16.51" N, 46°37'2.45" E), beside the building of the Col-
lege of Science at King Saud University. Human dwellings
were located close to this site. The study was repeated three
times, where it was conducted from 9 to 21 May, 15 to 28 June
and 11 to 23 July 2014.

Nine live mature rabbits (Oryctolagus cuniculus Linnaeus)
were used because, it is not allowed to use pigs in experiments
in Saudi Arabia. AbouZied (2014) has shown that rabbits can
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be used successfully to study decomposition succession in
KSA. Rabbits were procured at the sites, euthanized with chlo-
roform, weighed (mean = 1.57 £ 0.44 kg) and divided into
groups of three. Three rabbits were located in each of the agri-
culture, urban and desert habitats. Sampling occurred daily
after the carcasses were set down. This pattern was decided
upon so as to include decomposition stages up until the dry
stage had nearly been reached. In order to exclude scavengers,
the rabbits were placed in steel cages (55 cm x 40 cm x 24 cm),
which were designed specifically to allow insect access, but pre-
vent them escaping, instead trapping them in a chamber at the
top of each cage. For these purposes, each cage was made of a
frame composed of a layer of wire screening from a rigid steel
2 cm mesh to keep out scavengers but allow insect access.

For each carcass, four pitfall traps (10 cm in diameter) were
used. The four traps were placed around each rabbit carcass.
On each sampling day, each trap was filled up with a solution
of water, soap and salts. Only adults were included in the
counting of collected insects during this field study. Collections
were made daily during the sampling period. By using special-
ized taxonomic keys, the collected beetles were classified into
family and species levels (Borror et al., 1989; Catts and
Haskell, 1990; Arnett et al., 2002; Navarrete-Heredia et al.,
2002) and confirmed by Prof. Ali Maghrabi, King Saud
University (see Acknowledgments). Daily temperatures for
each habitat were recorded using a Lascar EL-USB-2 data log-
ger (Fig. 1).

In order to compare the mean durations of the decomposi-
tion stages between the three different habitats, ANOVA was
applied followed by Bonferroni correction. SPSS software
(Version 15, SPSS, Chicago, IL) was used for the statistical
analyses. A significance level at P < 0.05 was used in all tests.

3. Results

The rate of decomposition was 12 days in the agricultural
habitat and six days in the desert and urban habitats. The fresh
stage lasted two days in the agriculture habitat but only one
day in desert and urban habitats. The bloat stage was com-
pleted by day 3 in the agricultural habitat and by the early
hours of day 2 in the desert and urban habitats. The duration
of the decay stage also varied between habitats. This stage
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lasted seven days in the agricultural and three days in the
desert and urban habitats. In the agricultural habitats, car-
casses reached the dry stage after 12 days, at which point the
rabbits’ bodies were reduced to skin, cartilage and bone, but
in the desert and urban environments the carcasses reached
the dry stage after just six days. Also the present study,
recorded no difference in the decaying rate between open,
clothed and shaded carcasses.

A total of 125 beetles were recorded and, whereas the agri-
cultural habitat had the lowest species abundance values (32
individuals), the desert and urban habitats had very similar
values (54 and 39 individuals, respectively). In the desert habi-
tat, carcasses had the highest values, compared to other car-
casses in the fresh stage in other habitats. In the bloat stage
of decomposition, carcasses in the desert habitat had the high-
est abundance values (Fig. 2). In the decay stage, carcasses in
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Figure 2 A: abundance of beetles in the three different habitats;

B: abundance of beetles in each decomposition stage; C: abun-
dance of beetles in each decomposition stage in three different
habitats.

the urban habitat had the highest value compared to the car-
casses in other habitats. In the desert habitat, the decay stage
was the only stage that did not contain beetles. While in the
dry stage, the carcass in the agricultural and desert habitats
had the highest values. In the urban habitat, carcasses in the
dry stage did not have any beetles present. The dry stage,
meanwhile, had the lowest number of beetles in all stages of
decomposition in the three different habitats while the decay
stage had the highest number (Fig. 2).

Five species of beetles belonging to three different families
were collected from carcasses placed in the urban and desert
habitats, namely Necrobia rufipes Fabricius (Cleridae), Der-
mestes maculatus De Geer (Dermestidae), Saprinus sp., Sapri-
nus semipunctatus Fabricius and Saprinus moyses Marseul
(Histeridae). On the other hand, in the agricultural habitat
six species belonging to three families were found on the car-
casses. These were: D. maculatus, Saprinus sp., S. semipuncta-
tus and S. moyses, and Onthophagus nitidulus Klug, Maladera
insanabilis Brenske (Scarabaeidae). Family Scarabaeidae were
restricted to the agricultural habitat. Beetles were found at
all decomposition stages in the three different habitats. In
the agricultural and urban habitats only one species was repre-
sented during the fresh, D. maculatus; and N. rufipes was also
the only species represented in the dry stage in the desert habi-
tat. No beetles were represented in the bloat and dry stages in
the urban habitat and in the decay stage in the desert habitat
(Table 1).

Table 1 Presence of beetles at different stages of decompo-
sition on rabbit carcasses in three different habitats.

Family Species Urban habitat
Fresh Bloat Decay Dry
Cleridae Necrobia rufipes 4
Dermestidae  Dermestes Vv Vv
maculatus
Histeridae Saprinus sp. v
Saprinus 4
semipunctatus
Saprinus moyses 4
Agricultural habitat
Dermestidaec ~ Dermestes Vv v Vv Vv
maculatus
Histeridae Saprinus sp. v Vv Vv
Saprinus 4 4 4
semipunctatus
Saprinus moyses 4 4 4
Scarabaeidae  Onthophagus 4
nitidulus
Maladera Vv
insanabilis
Desert habitat
Cleridae Necrobia rufipes Vv Vv
Dermestidae ~ Dermestes 4 4
maculatus
Histeridae Saprinus sp. 4
Saprinus Vv
semipunctatus
Saprinus moyses Vv Vv

+/: presence of beetles.
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Overall, beetles belonging to seven species and four families
were recorded. Histeridae, was the most diverse of the repre-
sented families, with three species and 68 individuals (about
half of the collected beetles), the three other families (Cleridae,
Dermestidae and Scarabaeidae) accounted for 57 individuals
about 46% of the total number of individuals (Fig. 3). Der-
mestes maculatus and S. moyses were the most abundant spe-
cies on the rabbit carcasses in all habitats. S. semipunctatus
had the highest abundance value in the agricultural habitat,
followed by D. maculatus, Saprinus sp. and S. semipunctatus.
In the desert habitat, S. moyses was the most abundance spe-
cies followed by D. maculatus. In the urban habitat, mean-
while, D. maculatus had the highest species abundance value,
followed by N. rufipes and S. moyses (Fig. 3).

Saprinus moyses was the most prevailing species in the fresh
stage, while D. maculatus was the most prevailing species in the
bloat and decay stages. M. insanabilis were not present in any of
the stages except the bloat stage. O. nitidulus was present in the
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bloat and decay stages but absent in the fresh and dry stages. All
types of beetle were represented in the bloat stage (Fig. 4).

4. Discussion

In the present study the decaying process was evident in the
form of four succession stages (fresh, bloated, decay, dry) as
described before by Rodriguez and Bass (1983) and Tantawi
et al. (1996). The decomposition rate was 12 days in the agri-
cultural habitat but six days in desert and urban habitats.
The process was apparently mainly affected by the ambient
temperature, as has been described before by Matuszewski
et al. (2010a). In a similar study in Kuwait, Al-Mesbah et al.
(2012) stated that the decaying rate of rabbit carcasses was fas-
ter in urban habitat than other habitats (agricultural, coastal
or desert). Goddard and Lago (1985) stated that when temper-
atures are high, the process of decomposition becomes shorter.
In a study in Egypt, Tantawi et al. (1996) found that rabbit
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carcasses took only 4.5 days to reach the dry stage when aver-
age daily temperatures were 28 °C. The decomposition rate
may also be affected by the small size of carcasses (about
1.5 kg in this study) as indicated by Simmons et al. (2010),
where small carcasses decomposed faster than large carcasses.
Hewadikaram and Goff (1991), however, stated that the car-
cass size was not important in terms of insect succession pat-
terns. In this same study, direct contact between the rabbit
and site surface increased the temperature and thus the decom-
position rate. Abouzied (2014), in an experiment conducted in
Al-Baha Province, south-western Saudi Arabia, noted that a
lack of direct exposure of the rabbit carcasses to the natural
substrate because of the cage design may have influenced
decomposition.

The PMI can be determined when the pattern of insect suc-
cession in a certain geographical region is known, and if the
insect fauna on a carcass are then analysed (Grassberger and
Frank, 2004; Matuszewski et al., 2010b). The species involved
in this study differ from other studies in other habitats and
geographic areas (Anton et al., 2011; Dekeirsschieter et al.,
2013; Castro et al., 2013; Caballero and Leon-Cortés, 2014;
Martin-Vega et al., 2015). The regional biodiversity of beetle
species has been described by Al-Ahmadi and Salem (1999),
and Abouzied (2014) recorded some similar species in the
mountains of Al-Baha Province, specifically D. maculatus
(Dermestidae), S. moyses (Histeridae) and N. ruficollis (Cleri-
dae). In studies in Egypt, beetles belonging to two families
were collected, Dermestidae and Histeridae (Abd El-bar and
Sawaby, 2011; Aly et al., 2013).

Overall, in this study, seven species of beetles were directly
attracted to the rabbit carcasses throughout the study. In the
agricultural habitat, six species were present but there were
the lowest number of individuals (32) compared to the desert
and urban habitats. Hegazi et al. (1991) collected beetles
belonging to four families in a study in the Egyptian desert,
namely: Dermestidae, Histeridae, Scarabaeidae, and
Tenebrionidae.

The presence of Scarabaeidae only in agricultural habitats
reflected the preference of the habitat of this species. Also, in
the agricultural habitat the species abundance was concen-
trated in the bloat and decay stages rather than the fresh
and dry stages. In urban and desert habitats the same five spe-
cies were collected, with 39 and 54 individuals, respectively. In
the desert habitat the species abundance was concentrated in
the fresh stage followed by the bloat stage and was very low
in dry stage. Adult beetles of Dermestidae reported early at
the end of the bloat stage until the beginning of the dry stage
(Abouzied, 2014) as also observed in other studies by Galal
et al. (2009) and Valdes-Perezgasga et al. (2010). In this study,
there was no correlation between any single species and any
particular decomposition stage. This has also been described
by Schoenly and Reid (1987). The study also recorded a higher
abundance of beetles in the decay stage, as described by Castro
et al. (2013).

In conclusion, this is, to my knowledge, the first forensic
entomological study in Riyadh investigating patterns of beetle
succession on rabbit carcasses. The study recorded a total of
125 individuals, seven species and four families with Histeridae
being the dominant beetles. The decaying process and rate of
beetle abundance was affected by the habitat type. Finally,
these results should be considered when collecting those sam-
ples in the proximity of a cadaver and estimating PMI.

Acknowledgements

The author thanks Prof. Ali Maghrabi, plant protection
department, college of food and agriculture sciences, King
Saud University for confirmation of the beetles’ identification.
Also, the author extends his appreciation to the Deanship of
Scientific Research at king Saud University for funding the
work through the research group project no. RGPVPP-028.

References

Abd El-Bar, M., Sawaby, R.F., 2011. A preliminary investigation of
insect colonization and succession on remains of rabbits treated
with an organophosphate insecticide in El-Qalyubiya Governorate
of Egypt. Forensic Sci. Int. 208 (1/3), e26-e30.

Abouzied, E.M., 2014. Insect colonization and succession on rabbit
carcasses in Southwestern Mountains of the Kingdom of Saudi
Arabia. J. Med. Entomol. 51 (6), 1168—1174.

Al-Ahmadi, A.Z., Salem, M.M., 1999. Entomofauna of Saudi Arabia,
General Survey of Insects Reported in the Kingdom of Saudi
Arabia. Part I: Checklist of Insects. King Saud University,
Academy Publisher and Press, Riyadh, Saudi Arabia.

Al-Mesbah, H., Moffatt, C., EL-Azazyc, O.M.E., Majeedd, Q.A.H.,
2012. The decomposition of rabbit carcasses and associated
necrophagous Diptera in Kuwait. Forensic Sci. Int. 217, 27-31.

Aly, S.M., Jifang, W., Xiang, W., Jifeng, C., Qinlai, L., Ming, Z., 2013.
Identification of forensically important arthropods on exposed
remains during summer season in northeastern. Egypt. J. Central
South Univ. (Med. Sci.) 38 (1), 1-6.

Anderson, G.S., 2010. Factors that influence insect succession on
carrion. In: Byrd, J.H., Castner, J.L. (Eds.), Forensic Entomology:
The Utility of Arthropods in Legal Investigations. CRC Press,
Boca Raton, FL, pp. 201-250.

Anton, E., Niederegge, R.S., Beutel, R.G., 2011. Beetles and flies
collected on pig carrion in an experimental setting in Thuringia and
their forensic implications. Med. Vet. Entomol. 25, 353-364.

Arnett, R.H., Thomas, M.C., Skelley, P.E., Frank, J.H., 2002. In:
American Beetles:  Polyphaga scarabacoidea through Cur-
culionoidea, vol. II. CRC Press, Boca Raton, FL.

Borror, D.J., Triplehorn, C.A., Johnson, N.F., 1989. An Introduction
to the Study of Insects. Saunders College Publishing, Philadelphia.

Byrd, J.H., Castner, J.L., 2010. Forensic Entomology: the Utility of
Arthropods in Legal Investigations, 2nd ed. CRC Press, Boca
Raton, 705 p.

Caballero, U., Leon-Cortés, J.L., 2014. Beetle succession and diversity
between clothed sun-exposed and shaded pig carrion in a tropical dry
forest landscape in Southern Mexico. Forensic Sci. Int. 245, 143-150.

Caballero, U., Leo N-Cortes, J.L., 2012. High diversity beetle
assemblages attracted to carrion and dung in threatened tropical
oak forests in Southern Mexico. J. Insect Conserv. 16, 537-547.

Castro, C.P., Garcia, M.D., da Silva, P.M., Silva, I.F., Serrano, A.,
2013. Coleoptera of forensic interest: a study of seasonal commu-
nity composition and succession in Lisbon, Portugal. Forensic Sci.
Int. 232, 73-83.

Catts, P., Haskell, N., 1990. Entomology and Death a Procedural
Guide. Joyce’s Print Shop, South Carolina.

Dekeirsschieter, J., Frederick, C., Verheggen, F.J., Drugmand, D.,
Haubruge, E., 2013. Diversity of forensic rove beetles (Coleoptera,
Staphylinidae) associated with decaying Pig carcass in a forest
biotope. J. Forensic Sci. 58 (4), 1032-1040.

Galal, L.A.A., Abd-El-Hameed, S.Y ., Attia, R.A.H., et al, 2009. An initial
study on arthropod succession on exposed human tissues in Assuit,
Egypt. Mansoura J. Forensic Med. Clin. Toxicol. 17 (1), 55-74.

Goddard, J., Lago, P.K., 1985. Notes on blow fly (Diptera:
Calliphoridae) succession on carrion in Northern Mississippi. J.
Forensic Sci. 20, 312-317.


http://refhub.elsevier.com/S1319-562X(16)00062-0/h0005
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0005
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0005
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0005
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0010
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0010
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0010
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0015
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0015
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0015
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0015
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0020
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0020
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0020
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0025
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0025
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0025
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0025
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0030
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0030
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0030
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0030
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0035
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0035
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0035
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0040
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0040
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0040
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0045
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0045
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0050
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0050
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0050
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0055
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0055
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0055
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0060
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0060
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0060
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0065
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0065
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0065
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0065
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0070
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0070
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0075
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0075
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0075
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0075
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0080
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0080
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0080
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0085
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0085
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0085

Carrion beetles succession in three different habitats in Riyadh

435

Grassberger, M., Frank, C., 2004. Initial study of arthropod succes-
sion on pig carrion in a Central European urban habitat. J. Med.
Entomol. 41, 511-523.

Guo, Y.D., Cai, J.F., Xiong, F., Wang, H.J., Wen, J.F., Li, J.B., Chen,
Y.Q., 2012. The utility of Mitochondrial DNA fragments for
genetic identification of forensic important sarcophagid flies
(Diptera: Sarcophagidae) in China. Trop. Biomed. 29 (1), 51-60.

Hart, A.J., Whitaker, A.P., 2005. Forensic entomology. Antenna 30,
159-164.

Hegazi, E.M., Shaaban, M.A., Sabry, E., 1991. Carrion insects of the
Egyptian western desert. J. Med. Entomol. 28 (5), 734-739.

Hewadikaram, K., Goff, M., 1991. Effect of carcass size on rate of
decomposition and arthropod succession patterns. Am. J. Forensic
Med. Pathol. 12, 235-240.

Kulshrestha, P., Satpathy, D.K., 2001. Use of beetles in forensic
entomology. Forensic Sci. Int. 120, 15-17.

Mann, R., Bass, W., Meadows, L., 1990. Time since death and
decomposition of the human body: variables and observations in
case and experimental field studies. J. Forensic Sci. 35, 103—111.

Martin-Vega, D., Cifrian, B., Diaz-Aranda, L.M., Baz, A., 2015.
Necrophilous histerid beetle communities (Coleoptera: Histeridae)
in Central Spain: species composition and habitat preferences.
Environ. Entomol. 44 (4), 966-974.

Matuszewski, S., Bajerlein, D., Konwerski, S., Szpila, K., 2010a. Insect
succession and carrion decomposition in selected forests of Central
Europe. Part 1: pattern and rate of decomposition. Forensic Sci.
Int. 194, 85-93.

Matuszewski, S., Bajerlein, D., Konwerski, S., Szpila, K., 2010b. Insect
succession and carrion decomposition in selected forests of Central

Europe. Part 2: composition and residency patterns of carrion
fauna. Forensic Sci. Int. 195, 42-51.

Navarrete-Heredia, J.L., Newton, A.F., Thayer, M.K., Ashe, J.S.,
Chandler, D.J., 2002. Illustrated Guide to the Staphylinidae
(Coleoptera) of Mexico. Universidad de Guadalajara and CON-
ABIO, Mexico.

Rodriguez, W.C., Bass, W.M., 1983. Insect activity and its relationship
to decay rates of human cadavers in East Tennessee. J. Forensic
Sci. 28, 423-432.

Schoenly, K., Reid, W., 1987. Dynamic or heterotrophic succession in
carrion arthropod assemblages: discrete series or a continuum of
change. Oecologia 73 (2), 192-202.

Schoenly, K.G., Haskell, N.H., Hall, R.D., Gbur, J.R., 2007.
Comparative performance and complementary of four sampling
methods and Arthropod preference tests from human and porcine
remains at the forensic anthropology center in Knoxville, Ten-
nessee. J. Med. Entomol. 44 (5), 881-894.

Simmons, T., Adlam, R.E., Moffatt, C., 2010. Debugging decompo-
sition data: comparative taphonomic studies and the influence of insects
and carcass size on decomposition rate. J. Forensic Sci. 55, 8-13.

Tantawi, T.I., El-Kady, E.M., Greenberg, B., El-Ghaffar, H.A., 1996.
Arthropod succession on exposed rabbit carrion in Alexandria,
Egypt. J. Med. Entomol. 33, 566-580.

Valdes-Perezgasga, M. T., Sanchez-Ramos, F.J., Garcia-Martinez, O.,
et al, 2010. Arthropods of forensic importance on pig carrion in the
Coahuilan semidesert, Mexico. J. Forensic Sci. 55 (4), 1098-1101.

Watson, E.J., Carlton, C.E., 2003. Spring succession of necrophilous
insects on wildlife carcasses in Louisiana. J. Med. Entomol. 40,
338-347.


http://refhub.elsevier.com/S1319-562X(16)00062-0/h0090
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0090
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0090
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0095
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0095
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0095
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0095
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0100
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0100
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0105
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0105
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0110
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0110
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0110
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0115
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0115
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0120
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0120
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0120
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0125
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0125
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0125
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0125
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0130
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0130
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0130
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0130
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0135
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0135
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0135
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0135
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0140
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0140
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0140
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0140
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0145
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0145
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0145
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0150
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0150
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0150
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0155
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0155
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0155
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0155
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0155
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0160
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0160
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0160
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0165
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0165
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0165
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0170
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0170
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0170
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0175
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0175
http://refhub.elsevier.com/S1319-562X(16)00062-0/h0175

	Carrion beetles succession in three different habitats in Riyadh, Saudi Arabia
	1 Introduction
	2 Material and methods
	3 Results
	4 Discussion
	Acknowledgements
	References


