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ABSTRACT

Information regarding necrophagous beetles is under-represented in forensic
entomology studies despite the fact that knowing about larval development rate of
selected species could be used for the postmortem interval (PMI) determination. The
theoretical part of my thesis can be divided into three main topics: a description of the
family Silphidae and information about forensic entomology and thermal summation
models. In the practical part of the thesis, information is presented about the genus
Diamesus Hope 1840 in general and laboratory research conducted. The laboratory
study was conducted on the species Diamesus osculans (Vigors 1825) within one
month. Collected beetles were kept in climate chambers at constant temperature (20,
22 and 24 -C) and their development was regularly documented. In total, we had 180
first instar larvae to explore, although most of the larval specimens did not develop
into 3. larval instars. The R statistical program was used for calculated parameters of

thermal summation models and standard errors for 1st larval instar.

Keywords: Coleoptera, Forensic entomology, Larval development, Silphidae, Thermal

summation models



ABSTRAKT

Nekrofagni brouci jsou stale nedocenéni ve forenzni entomologii i pfesto, ze znalost
délky larvalniho vyvoje jednotlivych broukii by mohla byt pouzita pro stanoveni
postmortalniho intervalu (PMI). Teoretickou ¢ast mé bakalaiské prace 1ze rozdélit do
tf zakladnich témat: popis Celedi mrchozroutoviti (Silphidae) a informace o forenzni
entomologii i termalné sumac¢nich modelech. V praktické ¢asti je pfedstavena obecna
informace o rodu Diamesus Hope 1840 a o provedeném laboratornim vyzkumu.
Béhem jednoho mésice byla provedena laboratorni prace, zamétena na druh Diamesus
osculans (Vigors 1825). Sebrani brouci byly chovani v klimatickych komorach pii
konstantnich teplotach (20, 22 a 24 -C) a jejich vyvoj byl pravidelné¢ dokumentovan.
Celkem se povedlo vychovat 180 larev, ale vétsi mnozstvi pokusnych jedincu se
nevyvinulo ani do 3. larvalniho stadia. Pro nasledujici analyzu a vypocet parametri

termaln¢ sumacniho modelu pro 1. larvalni instar byl pouzit statisticky program R.

Kli¢ova slova: Coleoptera, forenzni entomologie, larvalni vyvoj, Silphidae, termalné

sumacéni modely
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1. INTRODUCTION

Recently, insects are increasingly used to solving crimes. Identification of insects on a
corpse helps confirm the place of dead or crime scene, and study of the cycle of their
larval development can help to estimate the time of death. In that regard, necrophagous
beetles becoming more and more interesting to examine. Most of the research in
forensic entomology is devoted to flies due to the fact that they are the first colonizers
of corpses. However, the benefit of necrophagous beetles is that they are present on

the corpse in the later stages of decomposition.

The subject of my thesis is the thermal summation models in selected species of large
carrion beetles (Coleoptera: Silphidae: Silphinae). This topic is most relevant and
deserves to be highlighted in relation to the potential application in forensic science.
The family Silphidae, which is described in more detail in the theoretical section of
my thesis, was selected as our focal for research. However, the principal subject of

study is the species Diamesus osculans (Vigors 1825).

The purpose of the study is to identify the existence of a relationship between
temperature and larval development rate and the creation of a thermal summation
model. And an additional purpose would be to describe this relationship in as much as
detail as possible. To achieve this goal, several tasks were defined. It is primarily
laboratory work with the creation of the necessary conditions for data collection, the
analysis of information received and comparison with other scientific works. The
working hypothesis is that a relationship between temperature and larval development
rate exists and larval development rate increases accordingly when the temperature

increases.

My thesis work is divided into two parts. The first part included a literature review
about the family Silphidae, forensic entomology and thermal summation models. The
second part focused on the genus Diamesus Hope 1840, laboratory research, analysis
of the results and discussion. The analysis of the case studies was held during the
writing of this thesis. The uniqueness of my work consists in that similar studies had
not been carried on Diamesus osculans and the genus Diamesus had not been studied

in detail.



2. GOALS OF THESIS

1. Write a literature review of ecology of Silphidae with a focus on the members
of the subfamily Silphinae.

2. Supplement a theoretical part by information on forensic entomology and
thermal summation models.

3. Conduct a laboratory investigation and analyse findings.

4. Create and describe in detail a thermal summation model for Diamesus

osculans.

3. SILPHIDAE
3.1. Systematics and phylogeny

The family Silphidae is a relatively small but diverse group of beetles, which include
two subfamilies: Nicrophorinae, called burying beetles or sexton beetles, and
Silphinae, called carrion beetles, which are morphologically and ecologically different
(Sikes, 2005). The subfamily of Silphinae according to different sources is presented
by 12-18 genera and Nicrophorinae, in turn, by 3 genera (Nicrophorus Fabricius 1775,
Eonecrophorus Kurosawa 1985 and Ptomascopus Kraatz 1876) and 65 species (Sikes,
2005). This is a clear indication that Silphinae has higher generic diversity that
Nicrophorinae. Currently, carrion beetles have composed by 9 genera and 45 species
through Europe (Ruzicka et al., 2015).

Dobler & Miiller (2000) deduced the phylogenetic relationships of nine genera of the
Silphinae and two of the Nicrophorinae using sequences of the genes COI and COIl.
The results of their work are different from the conclusions of all prior workers of this
family which placed the genera Necrodes Leach 1815 and Diamesus Hope 1840 sister
to all remaining the Silphinae or as a distinct tribe Necrodini. Dobler & Miiller (2000)
placed Ptomaphila Kirby & Spence 1828 as the sister genus to Necrodes Leach 1815
fully two major branching events from the base of the subfamily. If Necrodes and
Diamesus are not the most basal Silphinae, and Ptomaphila and Oxelytrum Gistel 1848
are, then the evolution of different characters should be reviewed. Such as Necrodes
and Diamesus have truncate elytra, and although of quite different forms, this state is

shared in general with the Nicrophorinae (Sikes, 2005).



3.2. Distribution

The distribution of the family Silphidae is relatively well studied. The family Silphidae
Is distributed in almost all continents, but mostly in the northern hemisphere, in the
temperate zone; that is, the family has a Holarctic distribution (Anderson & Peck,
1985; Sikes, 2005). Antarctica is the only continent where they do not live (Sikes,
2005). It is fair to say that the Palearctic region, which together with the Nearctic forms
the Holarctic biogeographic region, is a major location of family Silphidae because
there are the most genera and the highest number of species of Silphidae (Anderson &
Peck, 1985; Ruzicka et al., 2015). Additionally, it should be noted that Silphinae are
more widely distributed than Nicrophorinae, and take place in Australia, although both
silphid subfamilies are not reported from the main Pacific islands such as New
Zealand, New Caledonia or Fiji (Peck, 2001; Sikes, 2005).

3.2.1. Silphinae

Silphinae are represented by the four species in Australia and New Guinea
(Ptomaphila, 3 endemic species; Diamesus, 1 species) and a larger radiation in South
America than is seen in Nicrophorinae (Oxelytrum, 8 species) (Sikes, 2008). In
addition, there are three silphine species in South Africa (Thanatophilus Leach 1815,
2 species; Silpha Linnaeus 1758, 1 species) and a separate silphine genus
(Heterotemna Wollaston 1864, 3 species) endemic to the Canary Islands off the
northwest coast of Africa (Sikes, 2008). Most species of the Silphinae inhabit the
Northern Hemisphere, but they are more tolerant of warm habitats than the
Nicrophorinae (Sikes, 2008).

3.2.2. Nicrophorinae

Nicrophorus species are inhabiting mainly the temperate northern hemisphere and are
missing in Antarctica, sub-Saharan Africa and Australia (Sikes, 2005). Generally, they
are rare in warmer climates, such as lowland tropical forests, and practically not
present from dry climates like deserts (Sikes, 2008). Nicrophorines are less tolerant of

warm habitat than members of subfamily Silphinae. Nicrophorus species requires
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small carcasses that can be buried and defended, and their preference of colder habitat
is due to competition with the ants and carrion-associated scarab beetles that are more
abundant in warmer habitat (Sikes, 2008). Surely these ecological constraints have
limited their distribution in places like Africa, Australia and Tibet (Sikes, 2008). For
the Western Palearctic, there is only one genus of Nicrophorine: Nicrophorus (Ruzicka
etal., 2015). A small number of Nicrophorinae species are endemic to south-east Asia,
New Guinea and central and southern America (King et al., 2015). Nicrophorinae were
thought to be absent from the Indian subcontinent south of the Himalayas, but there
may be a population of species Nicrophorus sausai Rizicka, Hava & Schneider 2000
in north-eastern India (Sikes, 2008).

3.2.3. Silphidae species' protection

Despite the ubiquity of the family Silphidae, there are species in federally endangered
of extinction, such as Nicrophorus americanus Olivier 1790, which lives in the United
States and Canada (Backlund et al., 2008). Previously, this species was inhabited the
eastern 35 U.S. States from Canada to Texas but it was listed as a federally endangered
species in 1989 with remaining distribution in only six U.S. States (Jenkins et al.,
2018). In the Czech Republic, there are three vulnerable species of genus Nicrophorus,
such as Nicrophorus antennatus (Reitter 1885), Nicrophorus germanicus (Linnaeus
1758) and Nicrophorus vestigator Herschel 1807 and one near threatened species
(Nicrophorus sepultor Charpentier 1825) (Ruzic¢ka & Jakubec, 2017).

Regarding the species of the subfamily Silphinae listed in the Czech Red list, there are
three vulnerable species (Ablattaria laevigata (Fabricius 1775), Aclypea undata (O. F.
Miiller 1776), Silpha tyrolensis Laicharting 1781) and one regionally extinct
(Thanatophilus dispar (Herbst 1793)) (Razicka & Jakubec, 2017). Data on species
Aclypea souverbii (Fairmaire, 1848), which was considered regionally extinct, is
deficient (Ruzic¢ka & Jakubec, 2017).



3.3. Biology and ecology
3.3.1. Morphology of beetles

Members of the family Silphidae are very variable in their shapes and sizes. Adults are
dorsoventrally flattened beetles, which have the largest body among staphylinoids
(Sikes, 2005). In general, they are medium or large beetles and their length ranges from
7 to 45 mm (usually from 12 to 20 mm) (Ratcliffe, 1996; Sikes, 2005). Carrion beetles
have 11 antennomeres, although Nicrophorus species have a greatly reduced pedicel
that is fused to the scape making them appear to have a 10 antennomeres (Sikes, 2005).
Members of the Silphinae do not have a frontoclypeal (epistomal) suture (Sikes, 2005).
In turn, beetles in the subfamily Nicrophorinae have a pair of stridulatory files on the
5th abdominal tergite (just under the apex of the elytra) (Sikes, 2005). Silphids are
usually dark in color, but some of them (e.g., Necrophila Kirby & Spence 1828 sensu
lato and Nicrophorus) have bright orange coloring on their prothorax, which may be a

warning to other predators (Ratcliffe, 1996).

The larvae of Silphidae are flat and mobile (Newton, 1991). They can be characterized
as follows: mandible without a molar lobe; maxilla with broad, apically cleft mala
bearing dense setal brush on outer lobe; and articulated urogomphi present and usually
2-segmented (Newton, 1991). Mature larvae are large enough: about 12 to 40 mm long
(Newton, 1991). But it is necessary to notice that the larvae differ between the
subfamilies, with larvae of Silphinae bearing a cluster of 6 stemmata (ocelli) on each
side of the head, and larvae of Nicrophorinae bearing only a single stemma on each
side (Sikes, 2005). Moreover, the silphine larvae are strongly and widely sclerotized
while the nicrophorine larvae (especially Nicrophorus) are weakly and sparsely
sclerotized (Sikes, 2005).

3.3.2. Parental care

The reproductive biology of carrion beetles is divided into two types: the ancestral
condition of no parental care in which eggs are deposited and abandoned on or the soil
around primarily large (> 300 g) carcasses (Silphinae) and the derived condition in
which small carcasses (< 100 g) are buried and guarded within a brood chamber with

biparental care provided throughout larval development (Nicrophorus) (Sikes, 2005).



It is likely that parental care dates back to the Early Cretaceous and it has to do with
competition between Silphids and flies and ants (Cai et al., 2014). One example is the
burying beetle, Nicrophorus orbicollis Say 1825, which normally exhibits biparental
care (Smith et al., 2017). Despite this fact, however, each parent of this species is
capable of rearing offspring alone (Scott, 1989). The members of Silphinae, in contrast
to the Nicrophorus, have no parental care. Adult beetles and larvae of Silphinae are
usually noted feeding in groups at a larger carcass, often at various decomposition
stages, with no maternal care (Ratcliffe, 1996). The larvae of Silphinae feed on the

carrion themselves until development is complete (Pukowski, 1933; Newton, 1991).

3.3.3. Feeding preferences

Feeding habits of the family Silphidae are widely varied. For the most taxa, silphids
are necrophagous as adult and larvae (Sikes, 2005). Most flight-capable species in the
family Silphinae feed primarily on vertebrate carcasses, although flightless or flight-
dimorphic species feed primarily on soil invertebrates which means that they are not
fully necrophagous but rather predatory (lkeda et al., 2007). In case a carcass is
infested with maggots of flies, members of the family Silphidae will feed on these
maggots (Byrd & Castner, 2009). As decomposition proceeds, silphid larvae become
the predominant taxon on the corpse and feed on the remaining skin, connective tissue,
sinew and flesh by scraping and gnawing with their mandibles (Ratcliffe, 1996). In
this case, we are talking about actually necrophagous beetles which include the
subfamily Nicrophorinae entirely, and the subfamily Silphinae, in part: Necrodini and
some genera of Silphini (Necrophila Kirby & Spence 1828, Oiceoptoma Leach 1815,
Oxelytrum Gistel 1848, Ptomaphila Kirby & Spence 1828, Thanatophilus Leach 1815)
(Dekeirsschieter et al., 2011). But for example, Phosphuga Leach 1817, Ablattaria
Reitter 1884 and Dendroxena Motschulsky 1858 are predators of small invertebrates
(Newton, 1991; Sikes, 2005). Aclypea Reitter 1885 is phytophagous, however, in some
cases, can be pestiferous on plants (Beta vulgaris) (Newton, 1991; Sikes, 2005). The
members of the family Silphidae render the basic ecosystem function of contributing
to the breakdown and recycling of organic matter within the terrestrial ecosystem and
their feeding activity on carrion may also destroy some pathogenic bacteria (Peck,
2001; Sikes, 2008).



3.3.4. The burial of carrion

Burying beetles are named so because the adults of most species of this subfamily bury
adead body of small vertebrate, upon which their larvae later on feed. The adult beetles
of Nicrophorus species find a small dead animals and bury them (Pukowski, 1933;
Newton, 1991). The Nicrophorus have a keen sense of smell for a decomposing corpse.
If they smell the dead animal, they can fly several kilometres away (Petruska, 1975).
To do that they use specialized chemoreceptors on their antennae, which are adapted
to detect carcasses (Ernst, 1969; 1972; Evans & Hogue, 2004). Through sensiles
located apically on the ultimate palpomeres, they detect carcasses at small distances
(McGavin & Lewington, 2001). They may find carcasses at a long distance and are
one of the first invertebrates to colonize at a fresh corpse. In Nicrophorus all species
bury carcasses; moreover, in some species a few individuals will work together in the
burial, this is called "joint nesting" or "communal breeding" (Eggert & Miiller, 2000),
and then fight to decide which one will lay her eggs on the dead body. A significant
fact is that burying beetles are unable to burying a whole human corpse but can inter
bits if it has been dismembered (Gunn, 2009). In addition, they can chew out hunks of
tissue, which are then buried (Gunn, 2009). After burying the dead body or body part,
the female beetle lays her eggs above the corpse and then covers it with her hind gut

secretions to inhibit the growth of bacteria and fungi (Pukowski, 1933).

4. FORENSIC ENTOMOLOGY
4.1. General description

Currently, forensic entomology is a rather forward-looking and a rapidly developing
area of science (Midgley et al., 2010). This branch of science is accepted in many
countries as a significant tool for legal investigations (Sharma et al., 2015), but it is
primarily related to death enquiries (Grisendi et al., 2015). The postmortem time
interval (PMI) could be interpreted as a time since death or the length of time
between death and the discovery of a corpse (Richards et al., 2008). Proper
evaluation of the post mortem interval is one of the most crucial aspects of legal
medicine (Sharma et al., 2015). The most significant kind of forensic entomology is
used in the investigation of death, abuse and neglect cases (Benecke & Lessig, 2001),
including cases of homicide, suicide, or accidental death (Amendt et al., 2011).
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In The Washing Away of Wrongs, the first documented forensic entomology case is
indicated (Benecke, 2001). And this case is dated 1235 A.D. (Benecke, 2001).
However, one of the first contemporaries who used forensic entomology to estimate
time since death was the French doctor Bergeret in the 19th century (Sharma et al.,
2015). And one of the first successful cases of the use of forensic entomology was
the case of murderer Buck Ruxton in 1935 in the UK (Lee Goff, 2000).

Date of death can be determined by the rate of development of insects found on a
corpse (Buchan & Anderson, 2001). The ages of insect immature stages found on a
corpse can allow proof for the estimation of a minimum PMI (PMImin) ranging from
1 day up to more than 1 month, according to the insect species engaged and the climatic
conditions at the death scene (Grisendi et al., 2015). So for instance, the age of the
oldest immature insect specimen collected from a dead body, under of expected arrival
time of adult females, lends a pointer of the minimum time that the decomposing
remains were accessible for insect colonization and therefore PMImin (Matuszewski
etal., 2016).

4.2. The stages of decomposition

The colonization time, development time, and departure time of the various insect
species occupying carcass are closely connected to the progression of carcass
decomposition (Fuller, 1934). Different groups of insects colonize a corpse not at the
same time. Normally, insects having the shortest development period colonize a corpse
first and species with longer development period colonize it later (Chaika, 2003). For
the first time, a more or less predictable chronological sequence, known as insect
succession, was proposed by Mégnin (1894). Based on current research the
decomposition process can be divided into five stages related to physical appearance
of carcasses, internal temperatures and characteristic insect populations (Joseph et al.,
2011):

1. Fresh stage (Days 1-2), which begins at the moment of death and ends when
the bloating of the carcass is observed. The first insects to arrive are usually
Calliphoridae (blow flies), Sarcophagidae (flesh flies), Muscidae and adult ants

may also be seen at a carcass during the fresh stage.



Bloated stage (Days 2-7), which is characterized by the beginning of
putrefaction and the greatest numbers of adult Diptera on the carcasses. Ants
stay to feed on the eggs and larvae of flies (Grassberger & Frank, 2004). And
the first species of Coleoptera arrive during this stage, including members of
the families Staphylinidae, Silphidae, Cleridae and Histeridae (Grassberger &
Frank, 2004).

Decay stage (Days 5-13), in which a conversion of carcass biomass to dipteran
larval biomass. The larvae subsequently depart from the carcass to pupate.
Feeding larvae of Calliphoridae are the main insect group, but adult of
Calliphoridae and Muscidae decrease in numbers in this stage (Payne, 1965;
Anderson & Van Laerhoven, 1996). Coleoptera becomes dominant adult
insects. Also, the first members of Sepsidae arrive during the decay stage.
Post-decay stage (Days 10-23), which begins when most of the Diptera larvae
leave the carcass, leaving behind bones, cartilage, hair, small portions of tissue,
and a large amount of wet, viscous material known as byproducts of decay
(BOD). Dermestidae arrives at the carcass (Grassberger & Frank, 2004).
Remains stage (Days 18-90+), which characterized by bones with little
cartilage remaining and the BOD has dried up. A few adults of Calliphoridae
are attracted to the carcass (Payne, 1965) and Piophilidae emerges (Anderson

& Van Laerhoven, 1996). Members of Dermestidae leave the carcass.

4.3. Characteristics of insects used in forensic entomology

Decomposing carcass submits a transitory habitat and food resource chance for many

insect species (Wells & Greenberg, 1992). Some species of insects play an

indispensable ecological role in the decomposition of organic matter. Smith (1986)

presented four distinct ecological categories of insects that may be found on corpses:

1.
2.
3.

Necrophagous species which feed on the dead tissue;

Predators and parasites of insects and other arthropods;

Omnivorous species which are not obligate necrophages, but will use the
corpse as a food source if available;

Adventive species which are specific to the habitat of the scene of a crime

and merely use the body as an extension of that habitat, e.g., for cover.
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Forensic entomologists primarily use the first two groups of insects for estimating the
PMImin (Amendt et al., 2011).

4.3.1. Diptera

Related to the assumption that Diptera locates corpses faster and may provide the
better estimate of minimum Post Mortem Interval (PMImin), the majority of studies
in forensic entomology is concentrated on flies. Typically, the most common arthropod
inhabitants of decomposing human casrcasses and animal carrion are the larvae of flies
(Diptera), especially the following families: Calliphoridae, Sarcophagidae, Muscidae
and Piophilidae (Smith, 1986). Blowflies have the greatest role in the early
decomposition process. The members of families Calliphoridae and Sarcophagidae are
the first colonizers on human dead body (Smith, 1986; Erhan & Beyarslan, 2013).
Experimental studies indicated that members of dipteran families Calliphoridae are
attracted to the carrion in the first minutes (Watson & Carlton 2003). For this reason,
they are the basic and most correct forensic indicators of time of death and their
development rates are needed to allow more precise PMI estimates (Grassberger &
Reiter, 2001).

4.3.2. Beetles

Silphidae and other beetle families (such as Dermestidae, Trogidae, Histeridae,
Nitidulidae, Staphylinidae etc.) are important for forensic entomology, since finding
their larvae or imago on the corpse can help to define the postmortem time interval
(PMI) and possible manners of death (Watson & Carlton, 2005). It is known that there
are completed thermal summation models for some members of the family Silphidae.
For example, Guerroudj and Berchi (2016) studied the life cycle of the carrion beetle
Thanatophilus ruficoruis (Kiister 1851) and this information would be useful to
determine the postmortem interval (PMI) in Algeria (Guerroudj & Berchi, 2016). It
should be noted that species Silpha rugosa (Linnaeus 1758) appears in their article.
This species shall be named as Thanatophilus rugosus (Linnaeus 1758). However, the
main mistake that the species was wrongly identified. Their study dealt with the above-

mentioned Thanatophilus ruficoruis (Kiister 1851). The life cycle of Oxelytrum
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discicolle (Brullé 1840) was also studied. And this information could be used in
forensic entomology in Venezuela and the Neotropical region (Velasquez & Viloria,
2009). Another example is a model for estimating post-mortem interval for
Thanatophilus micans (Fabricius 1794), which is the most widespread species of the
Silphidae in Africa (Midgley & Villet, 2009). Recent observations (Midgley & Villet,
2009) indicate that Thanatophilus micans can detect corpses start breeding within 24
h of death. Accordingly, it follows that Thanatophilus micans has the same potential
utility of estimates as flies. In addition, members of the family Silphidae can be found
in shallow or very shallow graves (Amendt et al., 2010) and they can be useful to
estimate PMImin not only during early decomposition, but also in later stages of
decomposition (Midgley & Villet, 2009). They are present in later stages of
decomposition because they have a much longer larval development than flies
(Midgley & Villet, 2009).

4.4. Estimating the minimum post-mortem interval

As stated above, the post-mortem interval (PMI) represents the time between the death
and finding of a corpse (Catts, 1992). It should be noted that there are a few natural
processes related to decomposition, such as rigour mortis or livor mortis, that can be
used to estimate the PMI (Campobasso et al., 2001). Rigour mortis is the process that
incites the muscles in the body to stiffen thereby in rigidity due to a range of chemical
changes in the muscle structure (Rattenbury, 2018). Livor mortis is the gravitational
pooling of blood in the dependent parts of the body, both externally in the skin
capillaries and venules but also in the internal organs (Hayman & Oxenham, 2016)
and it begins right away after the cessation of blood circulation (Bisker & Ralebitso-
Senior, 2018). However, many of these processes are reciprocal functions and
immediately turn incorrect in the application (Bourel et al., 2003). Moreover, these
processes are restricted to the first 72h after death (Campobasso et al., 2001). After
72h, the body starts to bloat, blood-containing foam leaks from the mouth and nose,
the body ceases to regulate its internal temperature and the internal temperature begins
to approximate the ambient temperature, and it can be difficult to obtain an estimate
the minimum time since death by traditional methods (Amendt et al., 2011). At the

same time, since that 72h and later, insects can be useful for estimating the minimum
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time since death (Amendt et al., 2011). Decomposition as a result of insect activity in
and on the corpse is an ongoing process that can be measured, and it permits correct
minimum PMI estimates during a few months after death (Campobasso et al., 2001).
Forensics often have to resort to the methodology on estimates of retrospective
determination of the beginning of insect development on a corpse (Marchenko, 1987).
Specially for this purpose larvae extracted from a dead body are grown to imago stage
at a constant temperature and in appropriate conditions. It offers the opportunity to
identify pace of their development. And furthermore, there are methods for converting
data on the rate of development of particular species from data obtained at one
temperature into the data with other temperatures. The insect development rate
primarily depends on temperature and differs between different species (Richards et
al., 2009). It is, therefore, necessary to resort to a three-phase process (Amendt et al.,
2011):

1. Clear identification of the species found on a corpse and their instar;
2. Reconstructing crime scene temperatures;

3. Modelling the developmental rate of the immature insects found on a corpse.

Let's look at every phase in detail. With regard to identification of the species found
on a corpse, it is to be noted that this procedure should always be carried out by a
specialist in insect taxonomy. Identification keys on forensically important insects can
be found in Zumpt (1965), Smith (1986) and Szpila (2010). Modelling of crime scene
temperatures is as follows: first and foremost, a data of ambient temperatures is
recorded from the closest weather station to the body discovery site and at the crime
scene for a few days, and then a regression relationship between these temperatures is
derived (Amendt et al., 2007). That is because there may be a serious difference
between the ambient temperatures of the weather station and the crime scene, for
example in relation to experience different exposure to identical weather conditions
(Archer, 2004). As a result, a derived equation is used to correct the weather station
temperature records to ambient site temperature for the period that corpse was thought
to be at the crime scene (Archer, 2004). The final stage is modelling insect
development and ultimately an estimate of PMImin using all data received.
Developmental data are data indicating the development duration of immature stages
notified at various temperatures (Amendt et al., 2011). Then these data summarized in

one or more of three developmental models, that is isomorphen diagrams (Grassberger
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& Reiter, 2001), isomegalen diagrams (Reiter, 1984) and thermal summation models
which are the most sophisticated of the three specified models (Amendt et al., 2011).
In isomegalen or isomorphen diagrams, the lengths and the developmental stage of the
larvae are combined as a function of time and mean ambient temperature in a single
diagram (Madea et al., 2014). This method is appropriate only in a case when the body
and the larvae were not undergoing fluctuating temperatures, that is, the temperature

was nearly constant (Madea et al., 2014).

5. THERMAL SUMMATION MODELS
5.1. Degree days/hours (ADD/ADH)

Scientists were always interested in a link between ambient temperature and the
development of exothermic organisms. As a result of his research, the French
entomologist Réaumur (1735, 1736) came to the conclusion that the development of
organisms stops at certain temperatures. It is called a threshold temperature and no
development occurs when temperatures are below that level. He have also discovered
that there is a constant sum of temperatures necessary for further development. It is a
degree days, sometimes called heat units. The degree day or hour theory suppose that
the developmental rate is proportional to the temperature within a certain species-
specific temperature range (Sharma et al., 2015). The relationship between
temperature and the development rate is normally curvilinear at high and low
temperatures and linear only in between (Sharma et al., 2015). The threshold and
maximum temperatures for development of an insect are used to calculate the number
of degree days for a specific day. One degree day results when the average temperature
for a day is one degree over the threshold temperature. The easiest way to calculate
degree days for a specific date is the standard method using simple averaging (Fraisse
& Paula-moraes, 2018).

One of the methods of calculating the post mortem interval is an estimation of the
accumulated degree days or hours (ADD or ADH). ADH values constitute a particular
number of "energy hours" that are required for the development of insect larvae
(Sharma et al., 2015).
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The formula for calculating ADH is as follows (Higley et al., 2006):
ADH =T - (6 —6°)

where T is the development time, 6 is the ambient temperature, 6° is the lower
developmental threshold, a species specific value, the so-called development zero,

which is the x intercept, and is calculated by the linear approximation method.

But it must be noted that the ADH method offers suitable results solely when the larvae
have been exposed to temperatures similar to those used for generating the reference
value applied in the post mortem interval calculation (Sharma et al., 2015). And
furthermore, application of ADH in post mortem interval estimations has
imperfections, especially during the winter period where low temperatures are
implicated or where there is an abrupt summer cold period during the development
time (Sharma et al., 2015).

5.2. Relation of temperature to the duration of the insect development

Insects are exotermal animals and temperature plays a major role in their growth and
development. One of the most important forms of dependence of ectothermal
organisms on the thermal habitat conditions is the effect of temperature on the growth
rate and duration of development. This form of the phenotypic plasticity is
characterized by the temperature reaction norms (Groeters, 1992). Phenotypic
plasticity can be defined as the capacity of an individual organism to alter its behavior

in direct response to changing environmental conditions (Pfennig & Levis, 2017).

The sum of effective temperatures is used for assessing the impact of temperature on
insect development. The count is conducted from the pre-calculated values of the
lower developmental threshold. The development is inhibited at lower temperatures.
The duration of development decreases with rising temperature and the rate of
development increases within the tolerance limits for each species (Zakchvatkin,
2001). It is submitted that, insect development occurs faster at higher temperatures,
because higher temperatures increase the metabolic rate (Boukal et al., 2015). There is
also maximum temperature above which development stops. However, it should be
noted that the development of each insect species can occur only in a limited

temperature range (Dixon et al., 2009).
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Within temperatures that are favorable for vital activity, the duration of insect
development and other ectothermal organisms has approximately hyperbolic
dependence on temperature (Campbell et al., 1975). The main equation (Blunck, 1923)

is as follows:

where D is the duration of development in days (hours, etc.), T is the temperature at
which development occurs, T, is the lower developmental threshold, and K is the
thermal summation constant which displays the sum of effective temperature. The
equation actually reflects the temperature norm of the reaction of individuals of the
species, population, family, etc., over the duration of development. Under it, the
duration of development hyperbolically increases with decreasing temperature and
becomes infinitely large when the temperature reaches To. Consequently, the

development does not occur at the lower developmental threshold.

5.3. Thermal summation models

Driven by technological advances, various new methods have been developed by
scientists that allow the data to be used with confidence while estimating the time since
death. There are many methods for estimation of minimum post-mortem interval
(PMImin) at the present time. One of these methods are thermal summation models. It
is the most common method used to calculate PMI (Richards et al., 2008). This model
is built on the theory that the development of immature stages is linear (Pedigo et al.,
1986) and a relationship between temperature and development are positive (Amendt
et al., 2011). Thermal summation models are able to handle size and developmental
data and temperature fluctuations (Amendt et al., 2011). Insect development can be
calculated at close intervals over a temperature range, and where the development rate
(calculated as reciprocals of development time, 1/D) is plotted contrary to temperature,
a sigmoid-shaped (Fig.1) curve arises (Wagner et al., 1984).

At temperature extremes, insect development is slowed or entirely stopped in
accordance with an upper and lower developmental threshold (Campbell et al., 1974).
As arule, the correlation between temperature and development is linear between the

lower developmental threshold and optimum temperature (Harvey et al., 2016). In this

15



regard, it could be concluded that linear regression may be used to decide an X-

intercept (lower developmental threshold, TL) and an inverse of the slope of the linear

Developmental rate (1/D)

Temperature (T)

Figure 1: A generalized insect developmental

rate curve

regression (thermal summation constant,
K)

development time from the thermal

which  permit  prognosis  of
history of a specimen (Amendt et al.,
2011). Therefore, if the development rate
(R) is defined as the feedback values of
duration (R = 1/D), then the above main
equation can be converted to a linear

form (Kipyatkov & Lopatina, 2010):

R=a+bT

where a is a constant and b is a linear regression coefficient of the development rate

to temperature. The graph of the equation (Fig. 2) shows the temperature norm of the

reaction of individuals of a population,
family, species etc., according to the
development rate. It is a straight line
that intersects the x-axis (the abscissa)
at To. Thus, the lower developmental
threshold

development rate is zero.

is temperature at which

In this linear regression model,

development is  quantified as

physiological time with units of

To

Figure 2: The graph of the linear equation (R =a + bT)

“degree days” or “degree hours”, where one degree day is equivalent to one degree

above the lower developmental threshold over 24 hours or 1 hour, accordingly (Harvey

et al., 2016). Every stage in the life cycle (egg, first, second and third instar, or pupa)

need a specific number of accumulated degree hours to move to the next phase and

finished development equating to K (Campbell et al., 1974).
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The major concern is linear models do not include the nonlinearity experienced in
insect development at low and high temperatures, although they have the advantage of
mathematical simplicity and permit estimation of lower developmental thresholds and
thermal summation constants (Briere et al.,
1999). A big difference between the upper
and lower developmental temperature
extremes is endangering the accuracy of
the estimation PMImin (Amendt et al.,
2011).

(DT)

But there is a revised regression model
submitted by Ikemoto & Takai (2000)

which identifies the point nearest the

Duration of development (D) extremes of the linear approximation that
Figure 3: The graph of a new  gevjate significantly from it, which results
linearized formula (DT) =k + D) in the calculation of more precise thermal
summation parameters. lkemoto & Takai (2000) proposed a new linearized formula
and a method of estimation of parameters, which is based on a revision of the main
drawbacks in the ordinary method. A new linearized formula is as follows (Ikemoto &

Takai, 2000):
(DT) = k + tD

where D is the duration of development in days, T is a temperature in Celsius degrees,
k is an effective cumulative temperature and t is an estimated developmental zero
temperature. This equation (Fig. 3) looks like a straight line with x =D and y = DT
(Ikemoto & Takai, 2000).

5.4. Strengths and weaknesses of the thermal summation models

Widespread use of the linear model is determined by what the dependence of the
development rate on temperature for many insect species practically does not differ

from linear in a favourable for the development temperatures (Campbell et al., 1975).
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The main advantages of a linear model (Kipyatkov & Lopatina, 2010):

1. Mathematical simplicity;

2. Ease of calculating all parameters using regression analysis;

3. It is not necessary to conduct experiments at many temperatures, especially
too low or high (3-5 values are enough within the optimal zone);

4. Ability to calculate statistical errors for all basic parameters;
5. Understandable adaptive ecological meaning of thermal constants;
6. Existence of the materials for comparative studies (currently accumulated

data on hundreds of insect species).

Through these and other features, a linear model is used very broadly in studies on the
ecology of insects (Campbell et al., 1975). The rule of the sum of effective

temperatures is appropriate in most cases (Ceryngier & Hodek, 1996).

The use of a linear model and thermal constants in comparative studies of the insect
life cycles is particularly promising. The regression coefficient of the development rate
by temperature and return value (the sum of degree-days) allow comparison of species
according to their thermal requirements and the degree of thermal lability (Kipyatkov
& Lopatina, 2010).

A major deficiency of a linear model is the inability to identify unambiguously the
range of temperatures within which this model is applicable (Kipyatkov & Lopatina,
2010). If the analysis includes too low or too high temperatures, at which the
dependence of species significantly deviates from the linear, it leads to an
underestimation of the threshold values and the regression coefficient (Wermelinger
& Seifert, 1998). Based on the analysis of the large body of literature on these subjects
Honék (1990) showed that the lower the temperatures used in the experiment, the
lower the values of the threshold and coefficient of regression are received by
calculations for the same species. Accordingly, the compliance of an amount of data
with the requirements of linearity should be strictly monitored when experiments are

conducting and results are processing (Sokal & Rohlf, 2013).
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6. PRACTICAL PART
6.1. Diamesus

6.1.1. Taxonomic position

The following classification was taken from (Newton, 2019)
Order: Coleoptera
Suborder: Polyphaga
Infraorder: Staphyliniformia
Superfamily: Staphylinoidea
Family: Silphidae
Subfamily: Silphinae
Genus: Diamesus Hope 1840

Species: Diamesus bimaculatus Portevin 1914

Species: Diamesus osculans (Vigors 1825)
6.1.2. Taxonomy
The genus Diamesus includes two species: widely distributed Diamesus osculans and

endemic Diamesus bimaculatus Portevin 1914, which is restricted only to Taiwan
(Ruzicka et al., 2015; J. Ruzicka, unpubl.).

6.1.3. Distribution

Diamesus osculans, which was used in a laboratory study, is very widely distributed
from India, Sri Lanka, Bhutan, Myanmar, Vietnam, Laos, China, Malaysia, Indonesia,
New Guinea, New Zealand to eastern Australia (Peck, 2001; Razicka et al., 2002). It
is supposed that Diamesus osculans entered northern Australia through New Guinea
and the Indo-Malayan Island chains (Peck, 2001).
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6.1.4. Appearance

Diamesus osculans is a fairly large beetle whose size varies from 30 to 45 mm (Tung,
1983; Lawrence & Slipinski, 2013). As a rule, they have a black or sometimes dark
brown colouring with reddish marking (Tung, 1983; Lawrence & Slipinski, 2013). The
elytra are short with two to four pink spots (which typically fade away in time), and a
few abdominal segments are often left uncovered (Tung, 1983). The body is somewhat
flattened and the hind legs are strong and muscular (Tung, 1983). There is also sexual
dimorphism: the female is duller brown and generally smaller in size than male, and
besides hind femora are more explained in males (especially in large specimens), there

are simple in females (Tung, 1983; J. Rizicka, unpubl.).

The larvae are broad and flat (Hatch, 1927). The obvious problem is the larvae of
Silphinae are sometimes difficult to differentiate. Some larvae, however, have been
described and compared among themselves. As examples, larva of Diamesus osculans,
as opposed to the larva of Necrodes littoralis (Linnaeus 1758), has a more compact
and more flattened body, relatively larger and more robust head, shorter and more
robust legs, round lighter spots on laterotergites of abdominal segments and only short

praescutum and scutellum on the dorsum of abdominal segments (J. Rizicka, unpubl.).

6.1.5. Ecology

The genus Diamesus occurs in a wide spectrum of habitats: pastures, open and closed
canopy forests, rainforests (Peck, 2001). An interesting feature is that Diamesus
osculans is a pollinator of Amorphophallus titanum that grows at Indonesia (Davis et
al., 2008). Amorphophallus titanum emits a rotting animal-like odour and for this
reason, it attracts these beetles (Davis et al., 2008). And it is supposed that Diamesus
osculans buries corpses of small animals by digging underneath them, burrows under
or near the buried carcass and prepares a chamber where it lays its eggs (Hangay &
Zborowski, 2010). This species prefers large carcasses, usually far too big to be buried
(Hangay & Zborowski, 2010). Time span from egg to adult beetle is 38-40 days,
longest life stage is the 3rd larval instar, that has lasted three weeks (J. Ruzicka,

unpubl.).
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6.2. Material and methods

Adults of Diamesus osculans were collected in 23-27 February of 2017 in the
Philippines (Mindanao Island, Davao City, Marilog District, Malambo Range, Busay
Resort, 07°29.0'N, 125°15.7'E, 1200 m) by P. Sipek and D. Vondragek. Beetles were
collected using UV+white light traps, which were installed in the montane forest.

Adult beetles were randomly assigned to breeding groups so that both female and male
were present in the box. These groups were formed to produce offspring needed for

further research. Adult and larvae specimens

were kept in plastic boxes with a layer of soil
2, and asmall piece of fish meat (Pleuronectes
o E : y | platessa or Cyprinus carpio) as a food
. source. Food was regularly replaced to
prevent the outbreak of the mould. The soil
was tentatively disinfected and then was
lightly sprayed with tap water every day for
soil moisture conservation. Disinfection of
the soil was carried out under the influence

of high temperatures in the furnace.

Figure 4: Female and male of Boxes with adult and larvae specimens were
Diamesus osculans in the box evenly distributed between the climatic
chambers at constant temperature (20, 22 and 24 °C) and 12 h of light and 12 h of dark
photoperiod regime. Eggs were very small and were buried in the substrate, where
adult specimens were based. It is precisely for this reason that it was difficult to locate
and documented new eggs. As a result, the estimation of eggs development was not
used in the models. Development of larvae specimens was documented every day and

if it was possible at the same time.

Parameters of thermal summation model were estimated for L1 using the major axis
regression method by Ikemoto & Takai (2000) mentioned in chapter 5.3. Data

management and all analysis were completed using the R statistical program.
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6.3. Results

In total, 16 adult specimens of Diamesus osculans were at the beginning of the
experiment, and they produced 180 first instar larvae. In the breeding experiment, the
duration of development of three larval instars (L1, L2 and L3) was registered. A
number of larvae specimens in different stages of development and constant
temperatures is given in Table 1. At the beginning of the experiment, we had 180 first
instar larvae. Eighty of them completed the first larval stage and only eighteen
completed the second larval stage. As can be seen in Table 1, the largest number of

larvae were at 24 °C and the lowest number at 20 °C.

Table 1: Number of larvae specimens of Diamesus osculans

TEMPERATURE [°C] L1 L2 L3
20 \ 13 1 0
22 \ 53 37 8
24 \ 114 42 10
|

TOTAL NUMBER 180 80 18
Unfortunately, none of the observed
larvae reached a pupal stage. It may be
due to a nematode infection that arose
in the laboratory during the L3 instar
larvae. Moreover, the high mortality
rate has been detected at the end of the
experiment. In addition to the above

¥ nematode infection, the number of

Acari increased significantly and food

and the substrate were affected by

Figure 5: L1 of Diamesus osculans in a mould. This could be caused by an
Petri dish )

unknown disease outbreak. However,

the exact cause was uncertain. For this reason, data relating to the interval from the

beginning of the experiment to the end of the second stage of larval development have

been aggregated and used in the analysis, and all the rest of the data were not used.
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The following table (Table 2) shows the sum of effective temperatures (k) and lower
developmental threshold (t) values, which were calculated for L1 of Diamesus
osculans with expected errors, it also includes coefficient of determination (R?),

degrees of freedom (Df) and p value.

Table 2: Summary of development constants for Diamesus osculans for L1

Stage R? Df p value k t
L1 0.9895 43 <0.001 19.7+0.306 7.5+0.940

The graph (Fig. 6) shows the major axis regression for the first larval stage. The black
line demonstrates the median and grey area around is a standard error. Black points
illustrate outliers. DT is the time in days to reach the stage multiplied by the constant-

rearing temperature.

L1

DT

Days
Figure 6: Major axis regression for
L1 in Diamesus osculans

7. DISCUSSION

Mortality of the larvae was very high during the entire experiment, especially in the
third instar. That could be attributed to a number of causes, the most obvious of which
are a nematode infection, the substrate affected by mould and a significant increase in
the number of Acari at the end of the experiment. The largest number of larvae were

at 24 °C and the lowest number at 20 °C. This can be explained by the origin of this

23



genus and the preference for a warmer tropical climate similar to their natural habitat.

However, the exact cause is uncertain.

J. Rizieka, H. Sipkova and D. S. Sikes (unpublished) conducted a similar laboratory
experiment, which was focused on Diamesus osculans, and noted that best results were
obtained in the case larvae are reared together on a large piece of decaying fish meat,
from first larval instar to mature larva. The same authors also noted that contamination

with Nematoda was observed on carrion and larvae in most cases.

Such studies were already conducted on other species of the family Silphidae and other
insect families. The results of this study are consistent with prior studies. The results
of such studies also indicate influence of temperature on larval development rate.
Velasquez &Viloria (2009) state that temperature increase leads to a decrease in total

time needed to complete the development of Oxelytrum discicolle (Brullé 1836).

Other authors, like Kipyatkov & Lopatina (2002), explored ant populations. They
indicated that temperature increase always shortened development time of all the
populations studied. Anderson (2000) conducted research on determining the
minimum and maximum developmental rates of some species of forensically
significant blow flies of the family Calliphoridae. As a result, development has been
faster at a higher temperature (Anderson, 2000).

8. CONCLUSIONS

The central topic addressed in my thesis is the thermal summation models in selected
species of Silphinae (Coleoptera). It is usually beneficial to learn and then write a
literature review about important theoretical topics related to the main subject of the
thesis. When | was writing a theoretical part, one of the problems that | faced was the
lack of information regarding the subfamily of interest to me, particularly as regards
the genus Diamesus. As a rule, the relevant information about the subfamily
Nicrophorinae was available in large number of publication than information about the

subfamily Silphinae.

In the practical part, | have reviewed the species Diamesus osculans by providing all

available information to date. In addition, there is a description of the laboratory
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investigation, including the methodology of the work. Thermal summation model for

the first instar of Diamesus osculans was created as a result of the experiment.

The necrophagous beetles in general, and the species Diamesus osculans examined by
me in more detail, in particular, are extremely interesting for research. Very
regrettably, the necrophagous beetles are underestimated by forensic entomologists,
and in the past in studies and research on the issue, they have not received enough
attention. First, there are difficulties in identifying these beetles and, secondly, there is
an acute problem that is the lack of insufficient information about their ecology and
development. But, fortunately, the situation is gradually changing and scientists are
beginning to direct their attention to this topic. | am pleased to see that this gap can be

eliminated. It will, however, take time, and a combined effort of many scientists.
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10. ANNEXES

Annex 1: Male (on the left) and female (on the right) of Diamesus osculans.

Annex 2: The first instar of Diamesus osculans in a Petri dish.
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Annex 3: The laboratory and the climatic chambers.
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