Pakistan J. Zool., vol. 56(3), pp 1125-1131, 2024

DOI: https://dx.doi.org/10.17582/journal.pjz/20220511120524

Obtaining Osteological Material using

Dermestes maculatus De Geer, 1774 (Coleoptera:

Dermestidae) in Veterinary Anatomy

Sedef Selviler Sizer!, Semih Kurt'*, Burcu Onuk', Gokmen Zafer Pekmezci’
and Murat Kabak!

!Department of Anatomy, Faculty of Veterinary Medicine, Ondokuz MAYIS University,
Samsun, Turkey

’Department of Preclinical Science, Faculty of Veterinary Medicine, Ondokuz Mayis
University, Samsun, Turkey

ABSTRACT

Dermestid beetles being low-cost, efficient, and environmentally friendly are commonly used to prepare
osteological materials in museums. This study was carried out to produce osteological material from the
heads of roe deer, cows, and cats using a Dermestes maculatus (De Geer, 1774) colony and reveal the
colony’s meat consumption performance in terms of time. In addition, using hydrogen peroxide solution
to kill remaining beetles in the cleaned osteological material and determine the whitening and degreasing
efficiency of this solution was also aimed. In the study, approximately 10,000 Dermestes maculatus,
along with the heads of six roe deer, three cows, and three cats were used. To observe the meat-cleaning
performance, the initial and final weights of the heads were measured before they were placed in the
beetle colony. All tissues, including eye and brain tissues, of the heads placed in the Dermestes colony
were cleaned in one day in cats, two days in roe deer, and three days in cows. In addition, it was observed
that the Dermestes colony was not a preference priority when consuming soft tissues such as eyes, brain
and muscle. This current manuscript has revealed the advantages of the hydrogen peroxide application in
whitening and degreasing bone materials and killing remaining beetles at the end of the process on skull
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INTRODUCTION

isuality has an important place in anatomy education,

which is one of the basic building blocks of medical
education (Ozdemir, 2003). Different methods, such as
boiling, maceration, and burial, are used to obtain the real
skeletal models used in traditional education methods
(Fenton et al., 2003; Couse and Connor, 2015). Of these,
a unique system is needed for the boiling method, and its
cost is high (Tompsett, 1970; Rowley, 2015). Additional
work is required to clean tissues other than bone after the
procedure (Rowley, 2015). In the maceration method,
water or chemicals are used, generating a bad odor due

*

Corresponding author: semih.kurt@omu.edu.tr
0030-9923/2024/0003-1125 $ 9.00/0

Copyright 2024 by the authors. Licensee Zoological Society of
Pakistan.

This article is an open access 3 article distributed under the terms
and conditions of the Creative Commons Attribution (CC BY)
license (https://creativecommons.org/licenses/by/4.0/).

to the long duration of water maceration and intense
bacterial growth (Kamath et al., 2016). Although chemical
maceration takes less time than water maceration, the cost
increases, depending on the type of chemical used and bone
tissue damage which may occur (Simonsen et al., 2011;
Onwuama ef al., 2012). Another method, burial, requires
considerable time, and there is a possibility that carnivores
may damage the buried material (Sarma et al., 2017). Due
to the disadvantages of boiling, maceration, and burial,
there have been attempts to develop alternative methods to
prepare skeletons. For this purpose, the Dermestes genera
are used in forensic entomology, zoology, and anthropology
and to prepare materials in museums (Kulshrestha and
Satpathy, 2001; Mccarthy, 2015; Pahl, 2020). Since this
method creates much less medical waste, it is also deemed
environmentally friendly (Botero-Gonzalez and Agudelo,
2019; Pahl, 2020). Dermestes species (Coleoptera:
Dermestidae) are known as scavengers (Rowley, 2015;
Sanger-Ciarleglio et al., 2020; Hess, 2021). The most
common species used for cleaning skeletons from these
genera is D. maculatus (Krinsky, 2019). The use of
Dermestes species in material preparation saves time, cost,
and labor (Laurie and Hill, 1951; Sommer and Anderson,
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1974). However, the main factor affecting the speed with
which the skeleton is cleaned in this method is the need to
have a strong knowledge of the environmental conditions
and life cycles of beetles (Ince and Onar, 2004; Zanetti
et al., 2016; Oliveira, 2018). It is very important to know
these elements in detail to ensure a sustainable system.
D. maculatus, a black-colored species, has white stripes
on the abdomen. The surface of the larvae of this species,
which is brown-colored, is covered with hairs (Sanger-
Ciarleglio et al., 2020). For the sustainability of a colony
kept in a closed environment, the ambient temperature
should be 21-26°C, and the humidity should be 50%
(Russell, 1947; Laurie and Hill, 1951; Sanger-Ciarleglio
et al., 2020). The colony’s water requirements are met by
spraying water on a sponge placed in the environment.
Coarse chips are used to make a suitable colony base (ince
and Onar, 2004; Pahl, 2020). The life cycle of these beetles
has four stages: Egg, larvae, pupae, and adult (Mufioz-
Saba et al., 2020; Hess, 2021). They do not like to feed
on feathers, skin, or internal organs (Mufioz-Saba et al.,
2020; Sanger-Ciarleglio et al., 2020). Contamination
with invasive insect species must be prevented in order
to maintain colony health (Sanger-Ciarleglio et al., 2020;
Hinshaw, 2021). To remove larvae of dermestid beetles
from the material cleaned by the colony, processes such
as immersion in hot water, ammonium hydroxide, or 50%
alcohol solution, and holding in the deep freeze or sodium
perborate, are used (Borell, 1938; Ince and Onar, 2004;
Anderson, 2020; Pahl, 2020).

This study aimed to prepare osteological material
from the heads of roe deer, cows, and cats using a D.
maculatus colony and to reveal the meat consumption
performance of the colony in terms of time. In addition, it
was purposed to determine the effectiveness of hydrogen
peroxide, used for the first time in killing the beetles likely
to remain in osteological materials. It is thought that
this study will contribute to the literature by providing
additional information on the bone cleaning methods with
Dermestidae.

MATERIALS AND METHODS

Dermestes maculatus culture and confirmation using DNA
barcoding

One male and one female live adult D. maculatus (De
Geer 1774) (Coleoptera: Dermestidae) were purchased
from “dermestidae.tr” in Turkey, and these specimens
were morphologically confirmed, based on a standard
taxonomic key using a stereomicroscope (Olympus SZ2-
STU2 Tokyo, Japan) and the photographs were taken with
a digital camera (Olympus C-5060) (Gennard, 2007). After
confirmation of the species, the protocols for rearing and

maintenance of cultured D. maculatus laboratory colonies
(egg to adult) according to Xiang et al. (2015), and Zanetti
etal.(2016) were followed. Then, to molecularly verify the
identity of the species, two representative specimens were
randomly selected from among all the larvae. Genomic
DNA was extracted from individual larvae using the DNA
extraction kit (Thermo Scientific). The mitochondrial
cytochrome C oxidase subunit I (mtCOI) gene was
amplified using LCO1490/HCO2198 primers (Folmer et
al., 1994). PCR conditions followed the protocol given
by Mashaly et al. (2018). The mtCOI gene amplification
products were sequenced with the same primers using an
ABI PRISM 310 genetic analyzer (applied biosystems).
The quality of the raw sequence data was assessed with
Phred scores (Q > 20) before editing and assembly were
carried out with Geneious R12 (Kearse et al., 2012).
Assembled sequences were compared to Dermestes
species sequences using BLAST searches in GenBank
(Altschul et al., 1997).

Material supply

In the study, approximately 10.000 D. maculatus
larvae (Coleoptera: Dermestidae) produced by the
reproduction of two insects, one female and the other male,
which we obtained from the company “Dermestidae.tr”
were used. The total number of these larvae was calculated
with the following formula.
Total weight of 100 randomly selected larvae

100
Total larva weight in the colony

= Average weight of 1 larva

- = Total number of larvae in the colony
Average weight of 1 larva

After these two insects were received from
Dermestidae.tr company and firstly put in dermestidarium.
Insects were reproduced with a 45-days breeding period.
In about six months period, it was fed with fresh pieces of
meat, which was increased daily depending on the number
of insects, and the appropriate number of colonies was
formed. Finally, the heads of contagious disease-free adult
six roe deer, three cats, and three cows that could not be
saved in the faculty clinic and were sent to our department
for student practice were placed in the dermestidarium to
be cleaned.

Dermestidarium

In a colony care system, where humidity and
temperature were controlled through sensors, the
environmental temperature was between 21°C and 24°C
with 40-60% humidity. Poplar sawdust was used for the
colony base, and water crystals were used for the water
requirement. Approximately 10 g of water crystals were
kept in 100 ml of water for 15 minutes and given to the
colony every 5 days. The heads whose skin had been
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separated by dissection were weighed with a precision
balance (Shaver SF-400, Turkey) before being given to the
colony and after cleaning in the colony. The heads were
photographed at every stage until they were cleaned and
turned into osteological material.

Cleaning, degreasing, and whitening methods

After consumption, beetles on the skull surface were
removed with a fine brush and air compressor. It was kept
in a separate compartment for a week, as beetles could
remain in the skull. At the end of a week, skulls were
immersed in 5% hydrogen peroxide to whiten, degrease,
and kill any living beetles (adults and eggs).

RESULTS

Adult and larvae of D. maculatus were
morphologically identified according to Gennard (2007)
(Fig. 1). The sequencing of mtCO1 of D. maculatus larvae
produced 542 base pairs. There were no intraspecific
nucleotide differences within two larval representatives.
The mtCOI of D. maculatus was submitted to GenBank
under the accession number (OM533686). According to a
BLASTn search, sequences of D. maculatus in the present
study showed 99.8-100% identity with D. maculatus
(MZ656890, MW278864-MW278869, HM398864,

HM398865, HM909035, MW200375) from Ecuador,
Finland, Germany, and South Korea.

Fig. 1. View of adults and larvae of D. maculatus under
the stereomicroscope. Adult (A, B), adult female (C), adult
male (D) and larvae (E, F).

Table I. Daily meat consumption of D. maculatus
colony.

Species Weight of the head Weight of the Daily
before being given cleaned head consumption
to the colony (g) (g) amount (g/day)

Roe deer 651.5+54.28 101.16£38.99 275.16+19.46
Cat 313.66+8.08 29.66+1.52 289+3.60

Cow 3102.3£15.69 2110.6+66.6  305+5

The heads were weighed before being given to the colony and after
cleaning, and the daily meat consumption of the colony was calculated.

Fig. 2. Cat head cleaned by D. maculatus. A, dorsal view
of cat head; B, ventral view of cat head; C, lateral view of
cat head.

It was observed that the colony started to consume
meat from the first day. The heads were weighed before
being given to the colony and after cleaning, and the
daily consumption of the colony was calculated (Table
I). Accordingly, no difference was observed in the
consumption performance of the colony according to the
species. It was determined that cat heads were cleaned in
one day (Fig. 2), roe deer heads in two days (Fig. 3), and
cow heads in three days (Fig. 4). These differences in time
were due to the size of the heads used. It was determined
that the colony consumed the muscle tissue, brain (Fig.
5), and eye (Fig. 6) in the heads. The sutures between the
cranium bones were undamaged and clearly revealed (Figs.
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2, 3, 4). Interfrontal, frontal, and internasal sutures, often
separated in boiling, were clearly observed in cow, roe
deer, and cat heads. In addition, no damage was observed
in the bone leaves forming endoturbunale I, endoturbunale
II, and ectoturbinale, and these bone leaves were clearly
revealed in all species (Figs. 2, 3, 4). When the skulls
cleaned by the colony were immersed in 5% hydrogen
peroxide solution, it was observed that the viability of the
beetles ended. Just in case, the cleaned skulls were kept in
a closed environment for one month, and no larvae were
found during this period.

Fig. 3. Roe deer head cleaned by D. maculatus. A, dorsal
view of a roe deer head; B, ventral view of a roe deer head;
C, lateral view of a roe deer head, D: anterior view of a roe
deer head.

DISCUSSION

It is known that different methods are used in the
preparation of osteological material, such as boiling,
maceration, and burial (Fenton et al., 2003; Atabo et al.,
2019). Each method has advantages and disadvantages
(Tompsett, 1970; Mairs et al., 2004; Allouch, 2014; Ajayi
et al., 2016; Kamath et al., 2016; Sarma et al., 2017).
Apart from these methods, the use of Dermestes in creating
osteological material has become widespread in recent
years (Leeper, 2015; Botero-Gonzalez and Agudelo, 2019).
In our study, osteological material was created using D.
maculatus. It has been determined that this method is

superior to other methods (maceration, burial, boiling) as it
minimizes the amount of odor generated and time and labor
required. One of the most important features of this method
was that it minimized the amount of medical waste.

Fig. 4. Cow head cleaned by D. maculatus. A, dorsal view
of cow head; B, ventral view of cow head; C, lateral view
of cow head; D, anterior view of the cow head.

Fig. 5. Cleaning stages of the roe deer head (A, B, C),
whose brain was found by D. maculatus. Roe deer head
whitened in a 5% hydrogen peroxide solution (D).
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Fig. 6. Cleaning stages of the cat head (A, B, C), whose
eye was found by D. maculatus. Cat head whitened in a
5% hydrogen peroxide solution (D).

It is stated that D. maculatus tends to escape from the
colony by flying due to the increase in temperature and
humidity in the environment and that it should be kept
in a closed system under optimum conditions to prevent
this from occurring (Ince and Onar, 2004; Zanetti et al.,
2016; Hinshaw, 2021). In our study, possible escape was
prevented by using a specially produced care system
(dermestidarium) adapted to the living conditions of the
colony. In this system, when constant humidity (40—-60%)
and temperature (21-24°C) are provided, the absence
of any tendency to escape in the colony is compatible
with the literature (Ince and Onar, 2004). It is reported
that the colony life cycle consists of four phases (ince
and Onar, 2004). It is stated that the highest amount of
meat consumption is provided by the larvae (Russell,
1947; Russell ef al., 2013). In our study, likewise, it was
observed that the larvae consumed the most meat. It
has been reported that beetles do not prefer to consume
tissues such as internal organs, eyes, tongue, brain, skin
and feathers, so these tissues should be removed from the
cadaver and given to the colony (Leeper, 2015; Mufoz-

Saba et al., 2020). However, in the study, it was observed
that D. maculatus was not a preference priority when
consuming soft tissues such as eyes, brain and muscle.

It has been reported in studies that methods such
as alcohol baths, cleaning with ammonia, immersion in
hot water, immersion in ammonium hydroxide, sodium
perborate and holding in the deep freeze are used to
remove the adult or its larvae in materials cleaned by the
colony (Borell, 1938; Ince and Onar, 2004; Anderson,
2020; Munoz-Saba et al., 2020; Pahl, 2020). In our study,
5% hydrogen peroxide was used for the first time in
degreasing, whitening the material cleaned by the colony,
and killing the remaining beetles. Three steps performed
with a single chemical saves time and cost, suggesting
that it can be an alternative to other methods. In addition,
the necessary conditions for keeping the colony number
constant and the factors affecting the cleaning time of the
cadaver were determined in this study. The stability of the
colony number depended on the amount of food and water
in the system, and the cleaned time of the cadaver depended
on the density of larvae in the colony, the humidity of the
cadaver, the surface width, and the amount of meat.
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