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A B S T R A C T 

Necrophagous beetles are an important but understudied group of insects, which are 

highly useful for forensic entomology. This thesis presents novel information 

regarding Thanatophilus sinuatus (Fabricius, 1775) developmenta l biology. T. 

sinuatus is frequently found in the carr ion and is widely distr ibuted throughout the 

Palearctic region. In this study, beetles f rom different geographic regions (Czech 

Republic, Germany and Italy) were col lected and bred at three constant temperatures 

(14, 20, and 24°C). Development t ime for all developmenta l stages was gathered and 

analyzed. In total, 417 out of 733 specimens reached adul thood. Thermal summat ion 

models and standard errors were calculated for all developmenta l stages (data were 

excluded for egg) for the three different geographical localit ies. The obtained 

developmenta l lengths dif fered among temperatures and populat ions. When 

compar ing the thermal constants, low values of LDT and high values of A D D were 

attained in colder locality in Czech Republic (LDT = 7.38; A D D = 346.37) dissimilar 

results were obtained in warmer localities as Italy (LDT = 9.49; A D D = 278.82) , in 

accordance to the literature. 

Keywords: Coleoptera, Forensic entomology, Larval development , Si lphidae, 

Thermal summat ion models 



A B S T R A K T 

Nekrofágní brouci j sou důležitou, ale málo prozkoumanou skupinou hmyzu, která je 

velmi uži tečná pro forenzní entomologi i . V této práci j sou uvedeny informace o 

vývojové biologii druhu Thanatophilus sinuatus (Fabricius, 1775). T. sinuatusse 

vyskytuje na mršinách a je velmi rozšířen v celé palearkt ické oblasti. Sebraní brouci 

z různých geograf ických oblastí (Česká republika, Německo a Itálie) byli chováni při 

konstantních teplotách (14, 20 a 24 °C). Doba vývoje pro všechna vývojová stadia 

byla s ledována a následně analyzována. Celkem se povedlo odchovat 733 larev, z 

toho 417 pokusných jed inců se vyvinulo až do stádia dospělce. Termálně sumační 

modely, včetně standardních chyb, byly vypočteny pro všechna vývojová stádia 

(data pro vejce byla vyloučena) pro tři různé lokality. Z ískané délky vývoje se lišily 

mezi teplotami a populacemi. Při porovnávání termálních konstant bylo prokázáno, 

že nízkých hodnot LDT a vysokých hodnot A D D dosahuje populace z chladnější 

lokality (Česká republika), na rozdíl od populací teplejších oblastí (Itálie) (LDT = 

7,38; A D D = 346,37). 

Klíčová slova: Coleoptera, forenzní entomologie, larvální vývoj, Si lphidae, termálně 

sumační modely 
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1. INTRODUCTION 

The use of insect thermal biology is a standard procedure in forensic investigations 

and can be signif icantly biased due to environmental and biological factors affecting 

the accuracy of the est imates. The prior is especial ly important since some values of 

thermal biology such as the MP - Performance Measurements (e.g. development 

t imes) may vary across the species' geographical distr ibution. Carr ion beetles of the 

genus Thanatophilus Leach, 1815 (Coleoptera: Si lphidae) are an essential group of 

insects widely distr ibuted and frequently found on carr ion in temperate regions, incl. 

Europe. Nowadays, researchers have proven the importance of using the species of 

the genus (e.g., Thanatophilus sinuatus (Fabricius, 1775), T. rugosus (Linnaeus, 

1758)) for solving forensic cases. This research aims to provide relevant information 

regarding Thanatophilus sinuatus thermal variat ion and its importance for forensic 

entomology. 

Necrophagous beetles are an important but still under-examined group of insects, 

which is highly useful for forensic entomology. Information about larval development 

rate of selected species could be used for the postmortem interval (PMI) 

determinat ion. The family Si lphidae, which has a special focus in my thesis, is a 

relatively small family, wi th only 186 descr ibed species in two subfamil ies 

(Nicrophorinae and Si lphinae), and the greatest diversity of this group is concentrated 

in the Holarctic region (Newton, 2018; Sikes, 2008) . Carrion beetles (Silphidae) are 

considered important to forensic entomologists, because this family can get an 

information on insect succession on corpse and t ime since death (Smith, 1986). 

Identif ication of insects on a corpse helps conf i rm the place of dead or cr ime scene, 

and study of the cycle of their larval deve lopment can help to est imate the t ime of 

death. 

The subject of my thesis is Geographical variabil ity in Thanatophilus sinuatus 

(Coleoptera: Silphidae) thermal constants. The family Si lphidae, which is descr ibed in 

more detail in the theoretical section of my thesis, was selected as our focal group for 

research. However, the principal subject of study is the species Thanatophilus 

sinuatus, to which the focus and laboratory research is devoted. 

The study aims to identify a relat ionship between temperature and larval development 

rate. Calculat ions of the thermal summat ion model for each studied populat ion will 

further determine the signif icance of geographical variabil ity between geographical ly 
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distant populat ions of the same species. Also, the addit ional purpose wou ld be to 

descr ibe these relat ionships as much in detail as possible. 

To achieve this goal , several tasks were def ined. It is primarily laboratory work with 

the creat ion of the necessary condit ions for data col lect ion, the analysis of information 

received and compar ison with other scientif ic works . The working hypotheses are: 

1. A relat ionship between temperature and larval development rate exists 

and larval development rate increases accordingly when the temperature 

increases, and larval stage durat ion is decreasing; 

2. There is between-populat ion variat ion in larval deve lopment rate. 

Populat ions from colder regions have significantly greater cold tolerance 

and have higher larval deve lopment rate at low temperatures, than 

populat ions of the same species from warmer regions and vice versa, 

populat ions from warmer regions have greater heat to lerance and have 

higher larval development rate at high temperatures, than populat ions 

f rom colder regions. 

My master 's thesis work is divided into two parts. The first part included a literature 

review about the family Si lphidae in general and species Thanatophilus sinuatus in 

particular; the fol lowing necessary topics that I touched upon in my literature review 

are thermal summat ion models and forensic entomology. 

The second part focused on laboratory research, analysis of the results and 

discussion. The analysis of the case studies was held during the writ ing of this thesis. 

Regarding the relevance and uniqueness of my thesis, I wou ld like to highlight that 

most of the research in forensic entomology is devoted to flies (Diptera), because 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 decomposi t ion. In that regard, 

necrophagous beetles are increasingly considered an interesting subject to study. 

2. G O A L S OF THESIS 

1. Wri te a l iterature review of ecology of Si lphidae with a focus on the members 

of the subfamily Si lphinae. Provide a more detai led descript ion of 

Thanatophilus sinuatus. 

2. Supplement a theoretical part by information on insect thermal biology, 

thermal summat ion models and forensic entomology. 
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3. Conduct a laboratory investigation and analyze f indings. 

4. Create and descr ibe in detail thermal summat ion models for different 

populat ions of Thanatophilus sinuatus within its European range. 

5. Est imate the effects of geographical variat ion on deve lopment rate and 

thermal constants at various temperatures. 

6. Compare the f indings with existing studies and summar ize the results. 

3. S ILPHIDAE 

3 . 1 . S y s t e m a t i c s a n d p h y l o g e n y 

Coleoptera is one of the largest orders containing approximately 400.000 descr ibed 

species (Lawrence & Šlipiňski, 2013) . Within Coleoptera, a recent phylogeny revealed 

that the superfamily Staphyl inoidea is div ided into six famil ies standing out some 

important famil ies such as Staphyl in idae, Leiodidae and Si lphidae (Zhang et al., 

2018). 

According to some authors, the family Si lphidae should be re-arranged as a subfamily 

inside the rove beetles (Staphyl inidae). Classif ication on whether Si lphidae should be 

considered as monophylet ic or as part of Staphyl inidae is still under debate. The 

results are contradictory depending on which kind of information is being used to 

classify the group. Results col lected by Grebennikov and Newton (2012), analyzing 

260 morphological characters, conc luded that Si lphidae and Staphyl inidae should be 

treated as two different groups separated no later than in mid-Jurassic. On the other 

hand, Song et al . (2021), after using next-generat ion sequencing mi togenomic data, 

place Si lphidae and Scydmaenidae as subordinate groups of Staphyl inidae {also in 

McKenna et al. , 2015) . Nevertheless, in this study, Si lphidae will be treated as a family 

containing two subfamil ies, Si lphinae and Nicrophorinae. 

Historically, the family Si lphidae also included an independent l ineague, Agyrt idae. 

Agyrt idae, or the primit ive carr ion beetles, were general ly classif ied as a third 

subfamily of Si lphidae even though they were not so closely related to Si lphidae 

(Růžička & Jakubec, 2016). Agyrt idae was separated from the Si lphidae because of 

the dif ferences in the morphological characters of the adults and larvae, which was 

later supported by molecular investigation (McKenna et al. , 2015) . Nowadays, 

Agyrt idae is classif ied as a sister-taxon of Leiodidae (Lawrence & Newton, 1982; 

McKenna et al. , 2015; Peck, 1990). 
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Nicrophorinae subfamily is represented by the fol lowing three genera: Eonecrophorus 

Kurosawa, 1985, Nicrophorus Fabricius, 1775 and Ptomascopus Kraatz, 1876 (Sikes 

et al. , 2002) . The genus Nicrophorus was taxonomical ly revised in the 1980s by 

Anderson & Peck (1985, 1986), describing one new species {Nicrophorus hispaniola 

Sikes & Peck, 2000) endemic of the Hispaniola Island (Sikes et al. , 2002) . By large, 

burying beetles (Si lphidae: Nicrophorus) have been the focus of behavioral and 

ecological research since the 1980's, and detai led phylogenet ic studies were 

presented by Sikes & Venables (2013) and Toussaint & Condamine (2016). 

According to different sources, Si lphinae, also cal led carr ion beetles, consist of 1 2 -

18 genera and 112 species wor ldwide (Sikes, 2008) . The subfamily Si lphinae 

throughout Europe is represented by nine genera and 45 species (Růžička, 2015). 

Consequent ly , even though the Si lphinae subfamily conta ined most of the generic 

and species diversity of the family Si lphidae, research-related to its natural life history 

and its value for the forensic sciences is still understudied (Jakubec et al. , 2021). 

3.2. D i s t r i b u t i o n 

Carrion and burying beetles (Silphidae) can be found in all zoogeographic regions, 

besides Antarct ica, the only cont inent where they do not live (Sikes, 2005) . They are 

most widespread in the Northern Hemisphere, in the temperate zone; whereas the 

species distr ibution is low in the Southern Hemisphere (Anderson & Peck, 1985; 

Ratcliffe, 1996). The family contains the highest species diversity in the eastern 

Palaearctic region, and the lowest is found in the Afrotropical region (Sikes, 2005). 

Despite the fact that most species of the Si lphinae inhabit the Northern Hemisphere, 

they are more tolerant to warm habitats than Nicrophorinae (Sikes, 2008). Genera of 

Si lphinae such as Necrodes Leach, 1815, Oiceoptoma Leach, 1815, Necrophila Kirby 

& Spence, 1828 and Aclypea Reitter, 1885 are mainly distr ibuted throughout the 

Holarctic region (Sikes, 2005) . On the other hand, genera such as Diamesus Hope, 

1840, and Ptomaphila Portevin, 1926 are found inhabit ing Austral ia (Sikes, 2005). 

Diamesus includes two species: Diamesus osculans (Vigors, 1825) distr ibuted 

throughout India to Austral ia and D. bimaculatus Portevin 1914, an endemic species 

restricted to the island of Taiwan (Růžička, 2015). Nevertheless, the subfamily also 

contains a widely distr ibuted genus Thanatophilus Leach, 1815, distr ibuted 

throughout Europe, Asia, North Amer ica, and Afr ica (Sikes, 2005; Newton, 2018). 
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A large number of the Nicrophorus species inhabits the Northern temperate 

Hemisphere. They are absent in Antarct ica, sub-Saharan Afr ica, and Austral ia (Sikes, 

2005) . They are rare in warmer cl imates, such as lowland rainforests, and practically 

never encountered in dry c l imates, such as deserts, because they are less tolerant of 

warm habitats, in contrast to Si lphinae (Sikes, 2008) . A small number of Nicrophorinae 

species are endemic to southeast Asia, New Guinea, and central and southern 

Amer ica (King et al. , 2015) . Moreover, there is only one genus of Nicrophor inae in the 

Western Palaearctic: Nicrophorus (Růžička, 2015) . Some species of the subfamily 

Nicrophorinae have also been discovered in the Car ibbean (Ratcliffe, 1996). 

3.3. S i l p h i d a e s p e c i e s ' p r o t e c t i o n 

Multiple factors, such as anthropogenic land use, can cause a global decl ine in silphid 

beetles' diversity (Mart in-Vega & Baz, 2012; von Hoermann et al. , 2018). Studies 

have shown that silphid communi ty and its diversity can be negatively affected by the 

increase of the mean ambient temperature (von Hoermann et al. , 2018) , hence, 

negatively affecting the role they play in the terrestrial envi ronments. 

Notwithstanding the wide distr ibution of the family Si lphidae, there are endangered 

species that could be in danger of extinction as in the case of Nicrophorus americanus 

Olivier 1790, which inhabit the United States and Canada. Formerly, this species was 

distr ibuted in the thirty-five eastern states of the U.S.A. f rom Canada to Texas. 

However, it was listed as a federal ly endangered species in 1989, remaining 

distr ibuted in only six U.S. States (Jenkins et al. , 2018). 

There are some representants of the subfamily Si lphinae listed in the Czech Red list 

of endangered species. Among them, there are three vulnerable species, Ablattaria 

laevigata (Fabricius 1775), Aclypea undata (O. F. Muller 1776), Silpha tyrolensis 

Laichart ing 1781 and, one regionally extinct species Thanatophilus dispar (Herbst 

1793) (Růžička & Jakubec, 2017). Moreover, the acquired data concerning the 

species Aclypea souverbii (Fairmaire, 1848) considered regionally extinct, is currently 

data deficient (DD) (Růžička & Jakubec, 2017). 

3.4. B i o l o g y a n d e c o l o g y 

Carrion beetles perform vital ecosystem funct ions contr ibuting to the breakdown and 

recycling of the organic material in terrestrial ecosystems (Ratcliffe, 1996; Kočárek, 

2003; Wolf & Gibbs, 2004) . Their feeding activit ies on carr ion are also known to help 

el iminate foci of infection of pathogenic bacter ia (Sidor, 1979 in Peck, 1990) and 

5 



parasit ic worms (Theodor ides, 1950 in Peck, 1990), maintaining ecosystems health 

and productivity (Peck, 1990). 

Silphids have developed strict niche differentiat ion, meaning that, depending on the 

d imensions of the season, habitat (biotope), and carcass size, si lphids can reduce 

interspecif ic compet i t ion between si lphid species and other carr ion invertebrates 

(Anderson, 1982; Scott, 1998; Kočárek, 2 0 0 1 ; Mar t in-Vega & Baz, 2012) . Another 

strategy that Si lphidae exhibits to avoid competi t ion is different temporal activit ies. In 

a way, peak of activity for some species can be found during the spring as long as 

several other species has max imum activity during the summer and, just a few 

species are active during autumn (Růžička, 1994; Kočárek, 2001). They often also 

have var ious daily activit ies, Si lphidae is primari ly nocturnal insects, but some species 

can be diurnal (e.g., Thanatophilusspp.) or crepuscular (Scott, 1998; Kočárek, 2001). 

Compet i t ion between carr ion insects is rather undervalued, but it is an essential 

evolut ionary factor for si lphids (Scott, 1998; Matuszewski & Madra-Bielewicz, 2021). 

Si lphidae can display both compet i t ions; within the species (intraspecific) and 

between different species (interspecific) (Anderson & Peck, 1985). Interspecific 

compet i tors of Si lphidae can often be members of other insect orders (Diptera or 

Formicidae ants, for example) and even vertebrates. Furthermore, their strategy of 

f inding, conceal ing and monopol iz ing small vertebrate carcasses underground in the 

case of Nicrophorus species is a strategy that occurred because of compet i t ion, 

especial ly caused by compet ing flies and other burying beetles (Ratcliffe, 1996; Scott, 

1998; Sikes 2008) . In addit ion to compet i t ive relations, they also have specific 

relat ionships with nematodes {Rhabditis stammeri and R. vespillones) and mites of 

the genus Poecilochirus. These interactions could be mutualist ic, commensal ist ic , or 

parasit ic (Ratcliffe, 1996; Sikes, 2008). 

3.4 .1 . M o r p h o l o g y of bee t les 

A d u l t s 

Adult carr ion beetles are usually medium to large in size and their length ranges f rom 

7 to 45 m m (usually from 12 to 20 mm) (Ratcliffe, 1996; Sikes, 2008) . The species of 

genus Diamesus Hope, 1840 (Si lphidae: Si lphinae) are among the largest beetles of 

the family, their size varies f rom 30 to 45 mm (Tung, 1983; Lawrence & Slipinski, 

2013) . In contrast, the genus Thanatophilus Leach, 1815 has the smallest 

representat ives of the family, and their size usually varies from 7 to 9 mm 

(Mroczkowski , 1966). 
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Body shape can be oval (most Si lphinae: Silpha, Thanatophilus) or rectangular 

(Nicrophor inae: Necrodes, Nicrophorus, Diamesus). The body can also be somewhat 

f lat tened or slightly curved (Sikes, 2008) . Si lphidae typically displays eleven 

antennomeres, al though Nicrophorus species pedicel is greatly reduced and fused to 

the scape, making them appear to have ten antennomeres (Sikes, 2005) . Silphid 

beetles do not have a frontoclypeal (epistomal) suture (Sikes, 2005) . Nicrophorus 

species have a pair of str idulatory files on the fifth abdominal tergite (just under the 

apex of the elytra) (Sikes, 2005) . Silphid beetles are general ly dark in colour, but some 

(e.g., Diamesus, Necrophila Kirby & Spence 1828 sensu lato, Nicrophorus and 

Oiceoptoma) have bright orange colouring on the body which is a warning to predators 

(Ratcliffe, 1996). In contrast to Nicrophor inae, there are some fl ightless or some flight-

dimorphic si lphine species in Silpha and Aclypea ( Ikeda et al. , 2007). 

Larvae 

Silphidae larvae are flat, mobi le and can be character ized as fol lows: Head: mandible 

without a molar lobe; maxi l la with broad apically cleft mala bearing a dense setal brush 

on the outer lobe. Urogomphi present, art iculated and usually with two segments 

(Newton, 1991). Length ranges from 12 to 40 mm (Sikes 2005). 

Larval characters differ between the subfamil ies. Larvae of Si lphinae are usually oval 

or dorsoventral ly f lattened in shape. The body is highly p igmented and usually dark 

in colour (Sikes, 2005) . Also, larvae are campodei form and strongly sclerot ized 

(Sikes, 2005; 2008). Bearing a cluster of 6 s temmata (ocelli) on each side of the head. 

On the other hand, larvae of Nicrophorinae are eruciform and weakly and sparsely 

sclerot ized; the body is oval in shape (Sikes, 2005) . Pigmentat ion is mostly absent, 

they are pale, whi te or yel lowish in colour. Bearing only a single s temma on each side 

of the head (Sikes, 2005; 2008). 

3.4.2. R e p r o d u c t i o n a n d pa ren ta l ca re 

To understanding reproduct ion of carrion beetles, firstly, it is important to mention how 

they locate the nesting resource, in this case, vertebrate carcasses. Si lphidae use 

special ized chemoreceptors on their antennae to f ind food; it helps them locate 

decompos ing corpses and f ind carcasses at long distances (Scott, 1998). They also 

are one of the first invertebrates to colonize a fresh corpse. For example, if 

Nicrophorus is attracted to a dead animal, it can fly several ki lometers (Petruska, 

1975). Finding food can be accompl ished either by act ive or passive methods. Adults 
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may passively wait on the ground and try to catch the smell of a decomposing corpse 

or actively fly over the ground looking for food (Pukowski , 1933). 

Both subfamil ies, Si lphinae and Nicrophor inae, differ in strategies and behaviors 

l inked with f inding a carcass. Their reproduct ive strategies are div ided into the 

ancestral condit ion of no parental care and the der ived condit ion with biparental care 

provided throughout larval deve lopment (Sikes, 2005) . Si lphinae species commonly 

choose carcasses that weigh more than 300 grams (Sikes, 2005; 2008) . They select 

large carcasses because they do not care for the offspring. Adults lay eggs near or 

under the carcass and later leave (Johnson, 1974). Eggs hatch in approx. 4 - 5 days 

and larvae feed on the carr ion themselves until complete its development (Pukowski , 

1933; Anderson, 1982; Newton, 1991). Larger carcasses should provide enough food 

for the larvae and allow them to finish deve lopment (Anderson, 1982). It should also 

be noted that Si lphinae usually colonizes a carcass during the early or mid-stage of 

decomposi t ion. Therefore, they must compete with flies (Diptera) for the food 

resource (Anderson, 1982). 

Compared to Si lphinae, Nicrophor inae species prefer small carcasses (< 100 grams) ; 

when found, they bury the carcass underground (Pukowski , 1933; Newton, 1991). 

Furthermore, in some Nicrophorus species, few individuals will work together in the 

burial, this is cal led "communal breeding" or "joint nest ing" (Eggert & Muller, 2000), 

and later they fight to decide which one will lay eggs on the carcass. After burying the 

carcass, the female lays the eggs above and covers them with her hindgut secret ions 

to inhibit the growth of bacteria and fungi (Pukowski , 1933). Once carcass is buried 

and eggs laid, they guard the offspring within a brood chamber with biparental care 

provided throughout larval development (Sikes, 2005). Burying beetles, particularly of 

the genus Nicrophorus, are known for their biparental care (Sikes et al. , 2016) . Both 

males and females provide parental care, and the major benefit of male assistance is 

to help defend the brood and carcass from compet i tors (Scott, 1996). To a certain 

extent, this could be considered as the highest level of sociabil i ty attained in the 

Coleoptera (Ratcliffe, 1996). 

3.4.3. Feed ing p re fe rences 

The members of the family Si lphidae are primarily carr ion feeder (necrophagous 

species) or prey on other carrion inhabitants including fly eggs or maggots and other 

carrion beetles (necrophi lous species) (Ratcliffe, 1996; Sikes, 2005; Sikes, 2008). 
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There are several different feeding strategies within this family. Members of this family 

can be either carnivorous, phytophagous or necrophagous, as wel l as they can 

combine carnivory/necrophagy depending on food availabil ity or developmental stage 

(Sikes, 2005) . More often, however, they are necrophagous as adults and larvae 

(Sikes, 2005). Genus Thanatophilus and Oiceoptoma Leach, 1815, which are 

necrophagous as an adult and larvae, could be taken as an example (Portevin, 1926). 

Some Si lphidae may be attracted by decaying fungi (e.g. Phallus impudicus), dung or 

rotten plant (Ratcliffe, 1996; Sikes, 2005) . And some species of Si lphinae prefer to 

consume different kinds of invertebrates (like predating on snails, caterpil lars or s lugs: 

Silpha spp. , Dendroxena spp.) or are phytophagous (e.g. Aclypea spp.) (Sikes, 2005; 

Ikeda et al. , 2007) . An interesting feature of another burying beetle, Nicrophorus 

pustulatus Herschel, 1807, is that these beetle uses live snake eggs rather than 

carrion as resources for breeding (Blouin-Demers & Weatherhead, 2000; Smith et al. , 

2007). 

There is an opinion that changes in feeding strategies of carrion beet les, especial ly 

the change from necrophagy to carnivory, is caused by the shift to predation and the 

inability of adults to fly ( Ikeda et al . , 2007) . Ikeda (2007) conjectures that beetles, 

which were primarily predators and could not fly, were not able to successful ly 

compete with other necrophagous beetles, and therefore they were forced to change 

their feeding strategy. In their study, Ikeda et al. (2007) also determined by compar ing 

the carbon and nitrogen stable isotope ratios for them with those of necrophagous 

nicrophorine species and carnivorous carabid species, that the flight capabil i t ies and 

feeding habits of adults can be correlate. 

4. FORENSIC E N T O M O L O G Y 
4 . 1 . Genera l d e s c r i p t i o n 

Forensic entomology is an integral part of forensic sciences (Smith, 1986; Byrd & 

Castner, 2009) . It uses insects and carr ion-associated arthropods information as a 

tool assist ing investigations and judicial proceedings related to both humans and 

wildlife (Gennard, 2007) . Insect spec imens are physical ev idence at a cr ime scene 

equal to f ingerprints and DNA (Magni et al . , 2013) . Therefore, an increasing number 

of court systems need assistance from experts, represented by forensic 

entomologists (Magni et al . , 2013) . Modern forensic entomology includes urban 

entomology, stored product entomology, and medico-legal entomology (Catts & Goff, 

1992). Forensic entomologists can also be involved in cases related to veterinary 
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entomology, l ivestock entomology, entomotoxicology and human or insect DNA (Byrd 

& Castner, 2009). 

The basis of forensic entomology is the analysis of entomological evidence 

concerning insects and other invertebrates which sequential ly colonize a corpse (Byrd 

& Castner, 2009; Gennard , 2007) . Important information on the cadaver is col lected 

as decomposi t ion, developmenta l rate and invertebrates offspring stages progress 

(Wayne & Rodriguez, 1989). Insects can provide useful information about the manner 

of death, movement of a cadaver from one site to another, and length of the 

postmortem interval, also pre-appearance interval (PAI) and post-eclosion interval 

(PEI) (Wayne & Rodriguez, 1989; Catts & Goff, 1992; Tomber l in & Benbow, 2015). 

The post-mortem interval (PMI) represents the t ime between the death and finding of 

a corpse (Catts & Goff, 1992). And proper est imation of the postmortem interval is 

one of the most crucial aspects of legal medic ine (Sharma et al. , 2015). 

4.2. H i s to r y of f o r e n s i c e n t o m o l o g y 

Insects have long been used in cr ime-solving (Benecke, 2 0 0 1 ; 2008; Gennard , 2007). 

Some authors (Benecke 2 0 0 1 ; 2008; Amendt et al . , 2004; Gennard 2007; Magni et 

al . , 2013) have compi led reviews of the history of forensic entomology (Greenberg & 

Kunich, 2002) . It is known that the first cases of using insects for cr ime scene 

investigation are recorded as early as the mid-tenth century. The Chinese used the 

presence of flies and other insects as part of their investigative armory (Greenberg & 

Kunich, 2002) . One of the first books devoted to this subject is a training manual on 

investigating the death, entit led "Collected writings on the washing away of wrongs", 

publ ished by Sung Tzu in 1235. This book descr ibes 15 cases, the most popular one 

is the case where the suspect confessed of murder ing a fel low farm worker with a 

sickle shortly after some blowfl ies landed on the murder weapon (Gennard, 2007). 

Forensic entomology became a branch of scientific research between the thirteenth 

and the nineteenth centuries thanks to several centur ies of discover ies in biology 

(Benecke, 2001). It can be ev idenced in Linnaeus's work (1775), developing a system 

of classif ication and by Redi (1668) exper iments using the flesh of different animals, 

conf i rming the development of larvae from the eggs laid by f l ies; the above ment ioned, 

are amongst the most signif icant works during this period (Gennard, 2007) . Linnaeus 

also found ways to identify insects, including the identif ication of forensical ly important 

fl ies as Calliphora vomitoria (Linnaeus) (Winsor, 1976). 
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The next important step in forensic entomology occurred in the nineteenth century. 

For the first t ime, Megnin (1894) proposed a more or less predictable chronological 

sequence, known as insect succession. In his work La Faune des Cadavres: 

Appl icat ion de I 'Entomologie a la Medic ine Legale (1894), he descr ibed the 

relat ionships between eight stages of human decomposi t ion and the succession of 

insects colonizing the body after death. These important f indings of insect succession 

on a corpse formed the basis for forensic entomologists ' est imat ions of the t ime since 

the death (Gennard, 2007). 

As it turns out in the twentieth century, insects can help solve cr imes, even if the body 

parts were retr ieved from the water. Third larval instar larvae of the blowfly Calliphora 

vicina Robineau-Desvoidy, 1830, were identif ied on parts of a corpse recovered from 

a river (Gennard, 2007) . That directly conf i rmed that the eggs were laid before the 

body was dumped in the river. This information, coupled with other evidence, helped 

to solve the case. 

Eventual ly, col laborat ion of academics and practit ioners working together with the 

police and legal authorit ies provided the universal recognit ion of forensic entomology. 

4.3. T h e s t a g e s of d e c o m p o s i t i o n 

Insects are wel l -known as consumers of carcasses (Wayne & Rodriguez, 1989). 

Different groups of insects can use corpses and decompos ing organic materials 

associated with carrion in var ious ways : as a food source, as a place to rear the 

offspring, and among others (Wayne & Rodriguez, 1989). The succession of 

necrophagous insects colonizing carcasses can be used to indicate the carcass age 

(Smith, 1986). The speed in the stages of decomposi t ion may usually vary depending 

on the environmental condit ions, including the temperature. 

Megnin (1894) was the first to propose a predictable chronological sequence, known 

as insect succession. There are many different concepts for dividing the 

decomposi t ion process into stages according to cl imate and other factors. Based on 

number of sources (Gennard, 2007 ; Joseph et al. , 2 0 1 1 ; Goff, L, M., 2010), 

decomposi t ion process can be divided into five predictable stages related to the 

physical appearance of the carcass, the internal temperature, and the characterist ic 

of insects populat ions: 
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1 . F resh s t a g e ( 0 - 4 days) ; 

This stage initiates f rom the moment of death to the first signs of bloating of 

the body. The corpse appears fresh on the surface however is decompos ing 

inside due to the activit ies of bacter ia present before death. The blowfl ies 

(Cal l iphoridae), Sarcophagidae (flesh fl ies), Muscidae and adult ants are 

regarded as the first colonizers on this stage. 

2. B l o a t e d (putrefaction) stage ( 4 - 1 0 days) ; 

The dead body is swol len by gas produced internally through the metabol ism 

of nutrients by anaerobic bacteria and accompanied by the odour of decaying 

f lesh. 

During the second stage, there is an increasing number of fl ies, likely because 

of a specif ic smel l . And the first beet les arrive during this stage, including 

members of the famil ies Staphyl in idae, Si lphidae, Cler idae and Histeridae 

(Grassberger & Frank, 2004). 

3. Decay s t a g e (Active -Advance decay stages), also cal led black putrefaction 

stage ( 1 0 - 2 0 days) ; 

Typical ly, the f lesh becomes into a creamy consistency. Exposed body parts 

turned black. Due to bacterial activity and maggots feeding the body breaks 

and gases are l iberated. Fluids drain from the body and usually, an odour of 

decay is very strong. Si lphid beet les, histerids and muscid flies may appear at 

this stage. General ly, beetles become dominant adult insects. 

4. P o s t d e c a y s tage , so-cal led advanced decay (20 -50 days) ; 

In the later stages of decay, the cadaver is drying out, but there's still a bit of 

some f lesh. A specific cheesy odour from butyric acid occurs. The major 

indicator of this 

stage is an increase in the presence of beetles and a reduction in the 

dominance of the flies (Diptera) on the corpse. 

5. Ske le ta l or d r y r e m a i n s s t a g e ( 50 -365 days). 

The body is almost dry and may mummify . The rate of decay slows down. No 

typical groups of insects are associated with this stage. 
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The length of the stages is a lways approximate, and it is because there are a lot of 

factors that could affect decomposi t ion and its speed. Despite that, an approximat ion 

of t ime since death can be est imated by observing the body's condit ion and noting the 

state of decay (Di Maio & Di Maio, 2001). 

4.4. C h a r a c t e r i s t i c s of i n s e c t s u s e d in f o r e n s i c e n t o m o l o g y 

The insects that can assist in forensic entomological investigations include (Smith, 

1986; Goff, 2010) : 

1. N e c r o p h a g o u s s p e c i e s which feed on the dead t issue; 

This group includes many of the Diptera (Cal l iphoridae, cal led blowfl ies, and 

Sarcophagidae, cal led fleshfl ies) and Coleoptera (Silphidae and 

Dermest idae). These species may be the most signif icant for est imation of 

postmortem interval during the earlier stages of decomposi t ion, def ined as 

days 1-14. 

2. Pa ras i t es a n d p r e d a t o r s of n e c r o p h a g o u s s p e c i e s , insects and other 

ar thropods; 

An equally important group which include Coleoptera (Si lphidae, 

Staphyl inidae and Histeridae), Diptera (Cal l iphoridae and Strat iomyidae), and 

hymenopteran parasitoids of larvae and pupar ia of Diptera. Also, in some 

cases, dipteran larvae that are necrophages during their early development 

can turn into predators later. 

3. O m n i v o r o u s s p e c i e s which are not obl igate necrophages, but will use the 

corpse as a food source if avai lable; 

This group includes ants, wasps , and beet les, which feed on the corpse and 

associated arthropods at the same t ime. They are capable of retarding the rate 

of carcass removal by deplet ing populat ions of necrophagous species if their 

populat ion is too large. 

4. A d v e n t i v e s p e c i e s which are specif ic to the habitat of the scene of a cr ime 

and merely use the body as an extension of that habitat, e.g., for cover. 

It could be Col lembola, spiders, and cent ipedes. Also, Acari in the famil ies 

Acar idae, Lardoglyphidae and Winterschmidt i idae that feed on molds and 
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fungi growing on the corpse may be included in this category. And among the 

rare representat ives are the various Gamas ida and Act inedida, including the 

Macrochel idae, Parasit idae, Parholaspidae, Cheylet idae, and 

Raphignathidae, that feed on other acar ine groups and nematodes 

5. A c c i d e n t a l s p e c i e s which have no real relationship to the corpse but still can 

be found on the corpse. 

These insects may have fallen onto the corpse from vegetat ion, and this 

possibly might give some information on the postmor tem movement of a 

corpse. 

In general , forensic entomologists mainly use the first two groups of insects for 

est imating the PMImin (Amendt et al. , 2011). 

4 .4 .1 . D ip te ra 

When it comes to forensic entomology, Diptera (flies) is often the first thing that comes 

to mind. Diptera have the greatest role in the early decomposi t ion process. The most 

common famil ies of Diptera whose larvae inhabit of decompos ing human carcasses 

and animal carrion are Cal l iphoridae, Sarcophagidae, Muscidae and Piophil idae 

(Smith, 1986). Members of famil ies Cal l iphoridae, cal led blowfl ies, and 

Sarcophagidae are usually the first colonizers on dead bodies (Smith, 1986; Erhan & 

Beyarslan, 2013). Their larvae are most of the t imes, the first insects who will feed 

and colonize the decompos ing remains of a carcass (Wayne & Rodriguez, 1989). 

Blowfl ies are attracted to the carr ion in the first minutes to a few hours after death, as 

indicated by experimental studies (Wayne & Rodriguez, 1989; Watson & Carl ton, 

2003) . They can begin oviposit ion immediately after arriving at a corpse or first feed 

on the protein-rich fluids emanat ing from the corpse and then start to lay eggs (Wayne 

& Rodriguez, 1989). After reaching the third instar, larvae of blowfl ies feed on the 

corpse before reaching post-feeding stage, and then leave the corpse, burrow down 

into the soil, and pupate (Wayne & Rodriguez, 1989). Nevertheless, they do not 

necessari ly have to leave the corpse to pupate, they are also able to pupate directly 

on the body. So, examinat ion of the soil in a place where corpse have decomposed 

can help track and identify valuable entomological evidence, not only in the initial 

s tages of decomposi t ion of the corpse. Moreover, Cal l iphoridae pupal cases, which 

are found at the cr ime scene, can provide valuable information relevant to 
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Postmortem Interval, even after the remains of the body have decomposed (Wayne 

& Rodriguez, 1989). 

Diptera colonizat ion speed is one of the reasons why they are the basic and most 

correct forensic indicators of t ime of death, and their deve lopment rates are needed 

to allow more correct PMI est imates (Grassberger & Reiter, 2001) . [MMSI] AS stated 

above, related to the assumpt ion that Diptera colonizes corpses faster and may 

provide a more accurate est imate of min imum Postmortem Interval (PMImin), 

perhaps, a larger number of studies in forensic entomology is concentrated on flies. 

Further, fl ies are easier to handle in the laboratory condit ions than other forensically 

relevant species, which could be why a signif icant part of developmenta l studies refer 

to Diptera (Amendt et al. , 2014) . Despite that, there are some certain l imitations in 

determining PMImin if blowfl ies are used (e.g., difficulties in age determining of post-

feeding larvae in connect ion with no satisfactory indicator of this instar was not found 

in previous morphological studies) (Greenberg, 1991). 

4.4.2. Bee t les 

In the context of forensic entomology, beetles are undervalued, and still neglected or 

even ignored by many researchers. As the corpse decompose, other insect species, 

like Coleoptera (beetles), colonize the cadaver and cont inue the process that flies 

started. Si lphidae and other beetle famil ies (such as Dermest idae, Trogidae, 

Histeridae, Nit idulidae, Staphyl in idae etc.) are regarded as important sources of 

information for the forensic entomology, as larvae or imago found in the corpse can 

help to est imate the postmortem interval (PMI) and the possible ways of death 

(Watson & Carl ton, 2005). 

Some species of the Si lphidae family could help est imate PMImin during early 

decomposi t ion, but also in later stages (Midgley & Villet, 2009) . Is wel l known that fl ies 

are the first comers to colonize a corpse within few hours after death, but some 

beetles can also be among the first. For example, Thanatophilus micans (Fabricius, 

1794), which is a useful model for est imating postmortem interval in southern Africa, 

can f ind corpses as quick as most fly species (Midgley & Villet, 2009). Recent 

observat ions (Midgley & Villet, 2009) indicate that T. micans can detect corpses and 

start breeding within 24 h since death. This observat ion concludes that T. micans has 

the same potential utility of est imates as fl ies. And in contrast to f l ies, beetles are 
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present in later stages of decomposi t ion because of their long larval development 

(Midgley & Villet, 2009). 

4.5. E s t i m a t i n g the m i n i m u m p o s t - m o r t e m in te rva l (PMImin ) 

It is known that the post -mortem interval of human cadavers may be est imated based 

on insect evidence. Currently, forensic entomology is an integral part of a death 

investigation and is considered the most accurate method for estimating the t ime 

since death, especial ly if more than 72 h have passed (Kashyap & Pillay, 1989; 

Sharma et al. , 2015) . Methods for PMI est imation based on insect ev idence are being 

developed, constantly improving, and appl ied by forensic entomologists 

(Matuszewski , 2021) . Some species of insects, including fl ies, beet les, and moths, 

have been used as est imators of post-mortem interval s ince the late 19th century 

(Greenberg & Kunich, 2002) . Recently, many studies have been devoted to forensic 

entomology and to better def ine the use of insect activity as a proxy for t ime since 

death. The rising number of scientific publ ications and countr ies where entomology-

based est imation of PMI is regularly used is related to the active deve lopment of this 

field (Lei et al. , 2019; Tomber l in & Benbow, 2015). 

Insect deve lopment is directly related to temperature (Regniere et al., 2012; Pedigo 

et al. , 2021). This relationship has been quant i f ied for forensical ly important species, 

as the age of the specimen can be determined based on the stage of development 

and the thermal history at which the individual was reared (Introna et al. , 1989; Harvey 

et al. , 2016) . In cases where no immature insects are avai lable or they have 

completed development , as it often happens in later stages of decomposi t ion, minPMI 

can be est imated based on the insects still present in remains at the cr ime scene, 

also, referred as the predictable process of insect succession (Goff, 1993). 

There are different entomological approaches for age est imat ion. Current methods of 

age determinat ion are predicated on the species-specif ic t ime needed for an 

immature insect to progress through developmenta l marks such as length, weight, 

and life cycle stage in relation to temperature. (Harvey et al. , 2016) . An essential part 

of est imating the PMImin is model l ing insect development using all f indings. 

Developmental data is information that indicates the development durat ion of 

immature stages observed at different temperatures (Amendt et al. , 2011) . Then, 

these data is summar ized in one or more of the four developmenta l models: 

Isomorphen d iagrams (Grassberger & Reiter, 2001), Isomegalen d iagrams (Reiter, 
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1984), Thermal Summat ion Models ( Ikemoto & Takai , 2000) , and Curvi l inear models 

(Amendt et al. , 2 0 1 1 ; Harvey et al. , 2016). 

The simplest method is an Isomorphen d iagram (F ig . 1). Isomorphen d iagram is a 

scatter plot of the t ime f rom eggs hatching until hatchling plotted against constant 

temperature (Grassberger & Reiter, 2 0 0 1 ; Amendt et al. , 2011) . Essentially, 

Isomegalen (F ig . 2) or Isomorphen d iagrams const i tute the lengths and the 

isomorphen diagram 

Q. 

E 

time from oviposition (hours) 

Figure 1. Isomorphen diagram 

developmental 

stage of the larvae 

combined as a 

funct ion of t ime and 

mean ambient 

temperature in a 

single d iagram 

(Madea et al., 

2014) . Madea et al. 

(2014) state that 

both methods are 

suitable only when 

the body and the 

larvae were not 

undergoing f luctuating temperatures, in other words, the temperature was nearly 

constant. However, Schmalensee et al. (2021) use this type of the linear degree-day 

model in their research, and their results showed that insect deve lopment rates are 

general ly unaffected by thermal f luctuat ions, without taking into account direct effects 

of temperature. 

Curvi l inear or nonl inear models can descr ibe the relationship between development 

and temperature in a more accurate way, by using the curvil inearity observed at the 

upper and lower temperature extremes, when the relat ionship between development 

rate and temperature is plotted (Logan et al. , 1976; Briere et al. , 1999). But so far, 

despite improved parameters for est imat ion, there is no curvi l inear model , which 

consistently exceeds linear models across relevant species data (Zahiri et al . , 2010). 

It should also be noted that the complexi ty of this kind of model limits its practical 

appl icat ion to the forensic est imation of PMImin (Zahiri et al. , 2010). 
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The thermal 

summat ion model is 

the most popular and 

commonly used 

method for model ing 

insect development 

rates. This model 

appl ies linear 

regression analysis to 

the posit ive 

relationship between 

temperature and 

development (Amendt 

et al. , 2011). A 
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Figure 2: Isomegalen diagram 

separate chapter will be devoted to this model 's descript ion and detai led analysis. 

5. T H E R M A L S U M M A T I O N M O D E L S 

Temperature plays a key role in development t ime of insects (Taylor, 1981). Insects 

are poiki lothermic animals which means that they are highly dependent on var ious 

environmental factors (Ju et al . , 2011) . But the temperature has probably the 

greatest effect on insect deve lopment (Taylor, 1981 ; Pedigo et al. , 2021) . Different 

studies show that temperature has an effect on var ious biological characterist ics of 

insects such as sex-rat io (Zheng et al. , 2008) , adult l i fe-span, survival, fecundity, 

and fertility (Yang et al. , 1994; Dreyer & Baumagartner, 1996; Infante, 2000) . And 

this close correlat ion leads to a temperature signif icantly impact ing on colonizat ion, 

distr ibution, abundance, behaviour, life history, and fi tness of insects (Cossins & 

Bowler, 1987; James et al . , 2002; Hoffmann et al. , 2003). 

5 . 1 . Degree d a y s / h o u r s (ADD/ADH) 

The degree day/hour theory is based on the fact that that the developmenta l rate is 

proport ional to the temperature within a certain species-specif ic temperature range 

(Sharma et al . , 2015) . The relat ionship between temperature and the development 

rate is curvi l inear at high and low temperatures and linear only in between in the 

majority of cases (Sharma et al. , 2015) . The modern degree day model , which appl ied 

in forensic entomology, began to form around the 1950s (Arnold, 1960). So, an 

est imation of the accumulated degree days or hours (ADD or ADH) is one of the oldest 
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ways of calculat ing PMImin. A D D values represent a particular number of "energy 

hours" which are necessary for the insect deve lopment (Sharma et al. , 2015). The 

equat ion for calculat ing A D D is as fol lows (Higley et al. , 2006, f ixed by Ipatova): 

ADD = D (T- LDT) 

where D is the deve lopment t ime (or the durat ion of development) , T is the ambient 

temperature, LDT is the lower developmental threshold, a species value, the so-cal led 

development zero, which is the x-intercept, and is calculated by the linear 

approximat ion method. 

5.2. T h e e f fec t of t e m p e r a t u r e o n the i nsec t d e v e l o p m e n t 

As already ment ioned above, since insects are exothermal animals, temperature has 

an important role in their growth and development. Consequent ly , the effect of 

temperature on the insect growth rate and durat ion of development can be considered 

one of the most important forms of dependence of ectothermal organisms on thermal 

habitat condit ions. 

Most of modern models are based on the concept of the " law of total effective 

temperatures", which abstracts the temperature responses of a particular species, in 

wh ich a specif ic amount of thermal units should be accumulated above a temperature 

threshold, to complete a development (Damos & Savopoulou-Soul tani , 2012). The 

sum of effective temperatures intended for assessing the effect of temperature on 

insect development (Dixon et al. , 2009) . The count is conducted from the pre-

calculated values of the lower developmenta l threshold and the deve lopment is 

inhibited at lower temperatures (Kipyatkov & Lopatina, 2010) . The durat ion of 

development decreases with rising temperature and the rate of development 

increases within the tolerance limits for each species (Zakchvatk in, 2001) . It is 

submit ted that, insect development occurs faster at higher temperatures, because 

higher temperatures increase the metabol ic rate (Boukal et al. , 2015) . There is also 

max imum temperature above which deve lopment stops (Dixon et al . , 2009; Damos & 

Savopoulou-Soul tani , 2012) . At that, it is necessary to note, that the deve lopment of 

each insect species can occur only in a l imited temperature range (Dixon et al. , 2009). 

It is widely known (Campbel l et al. , 1975; Wagner et al. , 1984) that the durat ion of 

development of insects and other ectothermic organisms reveals an approximately 

hyperbolic dependence on temperature at the temperatures are favorable for living 
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activity (Kipyatkov & Lopatina, 2010) . The main equation (Blunck, 1914; 1923, f ixed 

by Ipatova) is as fol lows: 

ADD 

° ~ T -LDT 

where D is the durat ion of deve lopment in days (hours, etc.), T is the temperature at 

which deve lopment occurs, LDT is the lower developmenta l threshold, and A D D is 

the thermal summat ion constant which displays the sum of effective temperature. The 

equat ion actually reflects the temperature norm of the reaction of individuals of the 

species, populat ion, family, etc., over the durat ion of development. Thereunder, the 

durat ion of development hyperbolical ly increases with decreasing temperature and 

becomes infinitely large when the temperature reaches LDT. According to that, the 

development does not occur at the lower developmenta l threshold. Hyperbolic 

equat ions are difficult to work wi th, may not be easily v isual ized, and also are hard to 

compare (Kipyatkov & Lopatina, 2010). 

5.3. T h e r m a l s u m m a t i o n m o d e l s 

Mathemat ical models const i tute a language for formalizing the information obtained 

empir ical ly after exper imental observat ion and hypothesis testing (Damos & 

Savopoulou-Soul tani , 2012) . An empir ical model , if it is properly descr ibed, can 

provide useful information about results and causes and can be further used to 

descr ibe the behaviour of the system under different condit ions (Damos & 

Savopoulou-Soul tani , 2010) . In appl ied entomology, empir ical methods are commonly 

used in the creation of different developmental models (Damos & Savopou lou-

Soultani , 2012) . Broadly, this process includes the del imitat ion of all pr imary factors 

affecting development to the most limiting one, which is further chosen like the main 

one (i.e., temperature) , in order to reveal empir ical dependence of the developmenta l 

variable upon the limiting factor (Damos & Savopoulou-Soul tani , 2012) . A function 

that descr ibes the data with high precision is p lugged into this relation, and its 

predict ion power is further evaluated by using another dataset as well (Damos & 

Savopoulou-Soul tani , 2012). 
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There are a lot of var ious methods for est imation of min imum post-mortem interval 

(PMImin). One of these methods is the thermal summat ion model , which is the most 

frequently used method for calculat ing PMImin (Richards et al. , 2008) . The model is 

based on the principles that the development of immature stages is linear (Pedigo et 

al . , 1986) and a relationship 

between temperature and 

development are posit ive 

(Amendt et al. , 2011) . Thermal 

summat ion models can process 

size and developmenta l data and 

also display temperature 

f luctuat ions (Amendt et al., 

2011) . Insect development may 

be est imated at c lose intervals 

over a temperature range, and 

where the deve lopment rate 

(calculated as reciprocals of 

E 
Q. 

7) 

temperature (T) 
Figure 3. A generalized insect development rate curve 

development t ime, 1/D) is plotted contrary to temperature, a s igmoid-shaped (F ig . 3) 

curve arises (Wagner et al . , 1984). And normally, the correlat ion between temperature 

and developmenta l rate is linear between the lower developmenta l threshold and 

opt imum temperature (Harvey et al. , 2016) . This leads to the conclusion that linear 

regression is capable of determining an x- intercept (lower developmenta l threshold, 

LDT) and an inverse of the slope of the linear regression (thermal summat ion 

constant, ADD) which permit prognosis of deve lopment t ime from the thermal history 

of a spec imen (Amendt et al. , 2011) . In this way, if the development rate (R) is 

determined as the feedback values of durat ion of deve lopment (R = 1/D), then the 

above main equation (Blunck, 1914; 1923) 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 this equat ion (F ig . 4) demonstrates the temperature 
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norm of the reaction of individuals or 

populat ion, according to the 

development rate. It is a straight line 

that intersects the x-axis (the 

abscissa) at LDT. 

This underl ined the lower 

Figure 4. The graph of the linear equation: 

developmental threshold (LDT) is 

temperature at which development 

rate is zero. In this linear regression 

model , deve lopment is evaluated as 

physiological t ime with units of 

"degree days" or "degree hours" 

(Harvey et al. , 2016), which were 
R = a +bT descr ibed in more detail in the 

previous chapter. One "degree day" or "degree hour" is typically equivalent to one 

degree above the lower developmenta l threshold over 24 hours or 1 hour, accordingly 

(Harvey et al. , 2016) . Every stage in the insect life cycle (egg, first, second and third 

instar, post- feeding and pupae) requires a certain amount of accumulated degree 

hours to move to advance to the next phase and complete development , that is A D D 

(Campbel l et al. , 1974). The central issue in linear models consists in that, they do 

not include the nonlinearity exper ienced in insect deve lopment at low and high 

temperatures, however, they are useful in their permitt ing est imation of lower 

developmenta l thresholds and thermal summat ion constants (Briere et al. , 1999). It 

should be noted that a great di f ference between the upper and lower developmental 

temperature extremes would certainly hinder the accuracy of the PMImin est imation 

(Amendt et al. , 2011) . Ikemoto and Takai (2000) linear regression model is the most 

accurate and modern way for showing the relat ionship between the insect 

developmenta l t imes and the accumulated degree days (ADD). This revised 

regression model determines the point, which is closest to the ext remes of the linear 

approximat ion that deviate signif icantly from it, and as result, the est imation of thermal 

summat ion parameters is becoming increasingly accurate ( Ikemoto & Takai , 2000) . A 

new l inearized equat ion is as fol lows ( Ikemoto & Takai , 2000) : (D7) = k + tD 
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Duration of doveLopment (D) 

Figure 5. The graph of the new linearized formula: 
(DT) = k + tD (Ikemoto & Takai, 2000) 

where D is the duration of 

development in days, T is a 

temperature in Celsius 

degrees, k is an effective 

cumulat ive temperature and t 

is an est imated developmenta l 

zero temperature. This 

equat ion (F ig . 5) looks like a 

straight line with x = D 

(duration of development) and 

y = DT (Ikemoto & Takai , 

2000) . Thermal summat ion 

models are insect species and 

stage specif ic (Ridgeway et al. 

2013) , and it fol lows that 

accurate PMImin est imation rely on the fact if the thermal summat ion model is already 

created for the specif ic species. 

The dependence of insect deve lopment rate on temperature for var ious species is 

practically the same as linear in a favorable for the deve lopment temperatures, and 

because of that linear model are used very broadly in studies on the ecology of insects 

(Campbel l et al. , 1975). The use of a linear model and thermal constants has the great 

potential in in comparat ive studies of the insect life cycle. The sum of degree-days 

and the regression coeff icient of the development rate by temperature make it 

possible to compare same or different species according to their thermal requirements 

and the degree of thermal lability (Kipyatkov & Lopatina, 2010) . But there is inability 

to identify unambiguously the range of temperatures within which a linear model can 

be appl ied (Kipyatkov & Lopatina, 2010) , and this feature of linear models is perhaps 

the main drawback. Based on the analysis of the large number of relevant references, 

Honek (1990) stated that the lower the temperatures used in the experiment, the lower 

the values of the threshold and coefficient of regression are received by calculat ions 

for the same species. This is why, the compl iance of an amount of data with the 

requirements of l inearity should be strictly moni tored when exper iments are 

conduct ing and results are processing (Sokal & Rohlf, 2012). 
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6. P R A C T I C A L PART 

6 . 1 . T h a n a t o p h i l u s as a m o d e l t a x o n 

6 .1 .1 . T a x o n o m y a n d t a x o n o m i e p o s i t i o n 

Taxonomy and classif ications of Thanatophilus species based on adult morphology 

were reviewed by several authors (Schawaller, 1981 ; Kozminykh, 1994; Růžička, 

2002; J i , 2012). 

The fol lowing classif ication was taken from (Newton, 2018) : 

Order: Coleoptera 

Suborder: Polyphaga 

Infraorder: Staphyl ini formia 

Superfamily: Staphyl inoidea 

Family: Si lphidae 

Subfamily: Si lphinae 

Genus : Thanatophilus Leach, 1815 

Species: Thanatophilus sinuatus (Fabricius, 1775) 

The genus Thanatophilus includes 24 species, distr ibuted in Europe, Asia, North 

Amer ica, and Afr ica (Anderson & Peck, 1985; Ratcliffe 1996; Newton, 2018). 

6.1.2. D i s t r i b u t i o n 

The genus Thanatophilus inhabits Europe, Asia, North Amer ica and Sub-Saharan 

Afr ica (Schawaller, 1981 ; Newton 2018) . There are two species of Thanatophilus in 

Afr ica: Thanatophilus capensis (Wiedemann, 1821) [with T mutilatus (Laporte de 

Caste lnau, 1840) being its junior synonym] , which is endemic to the southern parts of 

South Afr ica, and Thanatophilus micans (Fabricius, 1794), which is w idespread in 

Afr ica, reaching south of Arabian Peninsula (Schawaller, 1981 ; 1987; Newton, 2018). 

But the most of species inhabit the Northern Hemisphere. 

Thanatophilus sinuatus, which was used in a laboratory study, is a common species 

and very widely distr ibuted throughout the Palaearctic region (Schawaller, 1981 ; 

Růžička, 2002; 2015) . And Thanatophilus sinuatus is one of the one of the most 

abundant and widespread species of necrophagous beetles in the Czech Republic 

(F ig . 6) (Růžička & Jakubec, 2017). 
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Výskyt druhu Thanatophitus sinuatus podle záznamů v ND OP 

12 13 14 15 16 17 18 19 

j,1"1"-- , • J ] - O rutery raku 1949 

Figure 6: Occurrence of Thanatophilus sinuatus in the Czech Republic, based on observations and 
records © AOPK CR 2022 

6.1.3. E c o l o g y 

In general , members of the genus Thanatophilus are similar in appearance and, 

somet imes, ecology (Jakubec et al. , 2019) . So far, all known species of the genus are 

necrophagous in all s tages of development (larvae and adults), and they are 

associated with the decomposi t ion of large vertebrate carr ion, including humans 

(Sikes, 2005; Jakubec et al. , 2019) . Thanatophilus species are considered important 

forensic bioindicators because they could provide valuable information about the t ime 

of death and possible body manipulat ion. Therefore, they have great potential for 

forensic entomology in temperate zones where they occur (Růžička & Jakubec, 2017; 

Montoya-Mol ina et al. , 2021) . Thanatophilus beetles usually prefer earlier stages of 

decomposi t ion and can also swift colonizat ion of carcasses soon after death (the first 

24 h), making them even more valuable for forensic investigation (Midgley & Villet, 

2009). 

As for their habitat preference, the members of this genus may be considered as open 

land or non-forest inhabitants, associated to field grass lands or meadows (Růžička, 

1994; Hastir & Gaspar, 2 0 0 1 ; Kočárek, 2 0 0 1 ; 2003). 
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Thanatophilus sinatus immature stages are frequently found feeding on cadavers 

decaying t issues during their development (Jakubec et al. , 2019) . Consequent ly , the 

species has been categor ized as useful carrion taxa for forensic investigations 

(Matuszewski et al. 2010) . T. sinuatus populat ion dynamics are consist of a three-

peaked growth curve (Novák, 1966). Adul ts begin to be act ive in the second half of 

Apri l and have two generat ions more during the year (Novák, 1966; Růžička, 1994). 

Kočárek (2001), character ized the species as diurnal. 

Addit ional ly, the species can also be considered an important part of the North 

Hemisphere ecosystems because they can provide different valuable ecosystem 

services by promot ing nutrient cycl ing and biological control of pests (Sikes, 2008; 

Růžička & Jakubec, 2017). 

6.2. Mater ia l a n d m e t h o d s 

Adult beetles of T. sinuatus were col lected in three different geographic regions 

(Czech Republic, Germany, Italy) in 2 0 2 1 . In the Czech Republic sampl ing was 

conducted nearVče lná pod Boubínem, 49°01'19.3" N 13°51'33.6" E. In Germany near 

Frankfurt am Main, Gr iesheim, 50°05'41.5" N 8°37'06.4" E and Russelsheim am Main, 

49°58'21.7" N 8°27'15.4" E. In Italy, Venezia Province, Caor le, 45°36.24'N 

012°52.85 'E. Due to the ecological preferences of the species, the traps were placed 

in open areas, in habitats such as harvested agricultural f ields or grasslands. 

All beet le specimens col lected were t ransported into the laboratory at the Czech 

University of Life Sciences in Prague and identif ied. Individuals were separated into 

breeding colonies (max imum 10 per box), with an equal number of males and females 

f rom the same locality (Czech Republic, Germany, Italy). Breeding colonies consisted 

of plastic fauna boxes filled with a layer of gardening soil, used as the oviposit ion 

substrate. Inside the breeding colonies, beetles were provided with a piece of pork 

t issue as a food source. Water and humidity sources were provided in form of a small 

tube fil led with water and stoppered by a piece of cot ton. Food was regularly replaced 

to prevent the outbreak of the mold. 

The breeding colonies were kept inside cl imatic chambers bred at three different 

constant temperatures (14, 20 and 24°C) and 16:8 (L:D) h of stable light regime to 

s imulate the light condit ions during the species breeding season. 
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To be able to fol low closely the developmental t imes of T. sinuatus bred at laboratory 

condit ions, the breeding colonies were inspected daily to remove the eggs. The newly 

laid eggs were transferred into petri d ishes (max. 10 eggs per Petri dish) and kept 

under the same condit ions as their parents. Each Petri dish was filled with a thin layer 

of moist gardening soil, and the eggs were placed on the surface. 

Emerging larvae of new generat ion were separated into Petri d ishes. Each Petri dish 

was filled up with moist gardening substrate and held c losed by rubber band. The 

larvae had received a small piece of pork meat, which was regularly replaced with 

fresh piece. Larvae were kept together in the same dish until reaching the third larval 

instar (L3). Third instar larvae were separated individually to reduce cannibal ism. 

A linear regression calculated the relat ionship between temperature and development 

length to obtain parameters and standard errors (lower developmenta l threshold and 

sum of effective temperatures) of thermal summat ion models for each developmenta l 

stage. Only the data of individuals complet ing the whole deve lopment was used in the 

analysis. Parameters of the thermal summat ion model were est imated for each 

developmenta l stage using the major axis regression method by Ikemoto & Takai 

(2000) ment ioned in chapter 5.3. Data management and all analysis were completed 

using the R statistical program. 

6.3. C l ima t i c c o n d i t i o n s of t he s e l e c t e d l o c a t i o n s 

One of the goals of this work is to discover if there is between-populat ion variat ion in 

larval deve lopment rate. Populat ions of the same species were col lected in three 

countr ies with different cl imatic condit ions. It should be understood for a further 

analysis and a better understanding of f indings. To compare the average weather for 

each location by month, the closest localities f rom sampl ing locations were taken. 

All locations have the oceanic c l imate prevai l ing. The highest average temperature is 

28°C in August and the lowest is 7°C in January for Italy; the highest average 

temperature is 25°C in July and the lowest is 3°C in January for Germany; and the 

highest average temperature is 21 °C in July and the lowest is -1°C in January for the 

Czech Republic. 

According to the data avai lable, it can be stated that the average temperature is 10.25 

°C and the average amount of precipitation is between 78 and 236 mil l imeters 

annual ly for Czech location; average temperature is 14.42 °C and the average amount 
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of precipitation is between 16 and 41 mil l imeters annual ly for German location; and 

the average temperature is 19.92 °C and the average amount of precipitat ion is 

between 35 and 83 mil l imeters annual ly for Italian location. 

a 
Jan Feb M . Apr May Jun Jul Aug Sep Oct H n Dec 

7 9 13 17 21 H I » 18 13 a 

M a M p M M 1 'I 10 12 IB 23 • • • • • 18 IS 

--••:r-i — 3S 60 48 39 60 71 58 41 60 60 « 37 

3 
JH Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

V r B f W * CO H I 5 10 16 19 14 9 5 

- - n 2« » 35 M 31 » 22 a 28 41 

Jan M Mar Apr Ma) Jun Jul Aug Sep Nov Dee • S 10 16 

31 22 29 16 26 18 28 22 19 22 28 « 

d 
Jan Fed Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

fe-nperatufe (*C] • • S n IS 11 21 21 16 11 6 

>K StlbO" ("f i t 

Figure 7: Average weather of locations by month: (a) Italian population - Caorle, (b) German population 
- Russelsheim, (c) German population - Frankfurt am Main, (d) Czech population - Vcelna pod 
Boubinem (from https://www.besttimetovisit.co.in/, fixed by Ipatova, March 2022) 

From this, beetles col lected in the Czech Republic inhabited territories with colder and 

wetter cl imate compared to the German and Italian populat ions. The beetles col lected 

in Germany inhabited an area with a warmer cl imate compared to the Czech Republic 

and the amount of precipitation in this area is the lowest of all the populat ions 

represented. In turn, habitat of the Italian populat ion is the warmest and most 

temperate as far as precipitation is concerned. 

6.4. Resu l t s 

In this study, 733 individuals of T. sinuatus f rom three different geographical regions 

(Czech Republic, Germany, Italy) were used to gather information regarding to the 

developmenta l length at three constant temperatures (14, 20, and 24°C). Life cycle 

f rom egg until adult was completed at all temperatures. In total, 417 out of 733 

spec imens reached adul thood. The observed developmenta l lengths differed among 
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temperatures and between populat ion. Variat ion in the deve lopment rate was 

observed as wel l . Developmental rate increased with temperature. 

Thermal summat ion models were establ ished for five developmenta l stages (F ig . 8). 

The accumulated degree days (ADD) and lower developmenta l threshold (LDT) 

values were calculated for all populat ions (Tab le 1 , 2, 3). To complete the whole 

development from the 1st larval instar to the emergence of the imago, the beetles 

f rom the Czech Republic (CZ) populat ion needs to accumulate 346.38 °C A D D with a 

LDT set at 7,39 °C; German (DE) populat ion needs to accumulate 307.94 °C A D D 

with a LDT set at 8.87 °C and Italian (IT) populat ion needs to accumulate 278.83 °C 

A D D with a LDT set at 9.49 °C. Values coefficient of determinat ion (R 2 ) , for all 

inspected models were above 0.75, indicating good fit on the data. 

Table 1 : Summary of the developmental constants for T. sinuatus at five developmental stages. 
Ikemoto and Takai 

Czech (CZ) population 

Hopmental stage Temperature range 
of model (°C) R 2 df p-value ADD (°C) LDT(°C) 

1st instar larva 14-24 0,896 396 > 0,001 19,3115 11,065 

2nd instar larva 14-24 0,782 396 > 0,001 9,8217 15,2093 

3rd instar larva 14-24 0,762 396 > 0,001 55,1363 9,5555 

Post-feeding 14-24 0,932 396 > 0,001 65,1701 9,2917 

Pupae 14-24 0,919 396 > 0,001 109,4987 8,8708 
Complete 

development 14-24 0,941 396 > 0,001 346,3781 7,3874 

Table 2: Summary of the developmental constants for T. sinuatus at five developmental stages. 
Ikemoto and Takai 

German (DE) population 

Hopmental stage Temperature range 
of model (°C) R 2 df p-value ADD (°C) LDT(°C) 

1st instar larva 14-24 0,896 396 > 0,001 16,9926 11,8864 

2nd instar larva 14-24 0,782 396 > 0,001 20,84 11,0431 

3rd instar larva 14-24 0,762 396 > 0,001 64,55 7,9909 

Post-feeding 14-24 0,932 396 > 0,001 70,6412 10,0729 

Pupae 14-24 0,919 396 > 0,001 101,5656 9,6326 
Complete 

development 14-24 0,941 396 > 0,001 307, 942 8,867 
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Table 3: Summary of the developmental constants for T. sinuatus at five developmental stages. 
Ikemoto and Takai 

Italian (IT) population 

Hopmental stage Temperature range 
of model (°C) R 2 df p-value ADD (°C) LDT(°C) 

1st instar larva 14-24 0,896 396 > 0,001 12,1813 13,7423 

2nd instar larva 14-24 0,782 396 > 0,001 20,3022 10,7061 

3rd instar larva 14-24 0,762 396 > 0,001 64,55 10,7611 

Post-feeding 14-24 0,932 396 > 0,001 56,4515 11,1017 

Pupae 14-24 0,919 396 > 0,001 102,7871 9,8867 
Complete 

development 14-24 0,941 396 > 0,001 278,827 9,494 

From this, Czech (CZ) populat ion needs to accumulate the highest number of ADD 

(346.38 °C); Italian (IT) populat ion - the lowest (278.83 °C). The opposi te is, LDT is 

the highest for Italian (IT) populat ion (9.49 °C) and the lowest for Czech (CZ) 

populat ion (7,39 °C). Czech (CZ) beetles has the fastest deve lopment rate at a lower 

exper imental temperature (14 °C), as opposed to German (DE) and Italian (IT) 

beetles, which developed more slowly at this temperature (F ig . 9(f)). In contrast, 

Italian (IT) beetles has the fastest development rate at a higher exper imental 

temperature (24 °C) and Czech (CZ) beetles developed more slowly at this 

temperature. 
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Figure 8. Ikemoto and Takai thermal summation model for five developmental stages of T. sinuatus: 
(a) 1st larval instar, (b) 2nd larval instar, (c) 3rd larval instar, (d) post-feeding, (e) pupae, (f) summary. 
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Figure 9. Observed range of development times of T. sinuatus from three different geographic regions 
(Czech Republic, Germany, and Italy) over three experimental treatments (14, 20, 24 °C) for five 
developmental stages (data were excluded for egg): (a) 1st larval instar, (b) 2nd larval instar, (c) 3rd 
larval instar, (d) post-feeding, (e) pupae, (f) summary. The horizontal lines within the boxes indicate 
median values. The upper and lower boxes indicate the 75th and 25th percentiles, respectively. 
Whiskers indicate the values with the 1.5 interquartile ranges. Small dots are outliers. 
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Figure 10. Effect temperature on development time for five developmental stages of T. sinuatus from 

three different geographic regions (Czech Republic, Germany, and Italy): (a) 1st larval instar, (b) 2nd 

larval instar, (c) 3rd larval instar, (d) post-feeding, (e) pupae, (f) summary 
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7. D ISCUSSION 

Many studies have highl ighted the importance of Thanatophilus sinuatus for forensic 

investigat ions. Not long ago, Montoya-Mol ina et al. (2020) provided for the first t ime 

the thermal summat ion models for all the developmental stages for the species in the 

Czech Republic. Moreover, thermal summat ion models for species belonging to the 

Thanatophilus genus have been publ ished by other authors (Midgley & Villet, 2009; 

Ridgeway et al. , 2013; Montoya-Mol ina et al . , 2021) . For the first t ime in this work, the 

thermal summat ion model for all developmental stages of T. sinuatus is compared 

along geographical gradient (Czech Republic, Germany, and Italy). 

Studies consider ing the effects of different temperatures on developmental rate were 

already conducted in other species of the family Si lphidae and other insect famil ies. 

The results of this work are consistent with those previous studies. The results of 

different studies also demonstrate the impact of temperature on development rate in 

insects. Velasquez & Viloria (2009), whi le breeding Oxelytrum discicolle (Brulle 1836), 

observed that whi le increasing the breeding temperatures, the total t ime needed for 

the beetles to complete the deve lopment decreases. Furthermore, when studying ant 

populat ions, Kipyatkov & Lopat ina (2002) demonstrated that temperature increases 

always shortened the development t ime of all the populat ions studied. Anderson 

(2000) researched the min imum and max imum developmenta l rates of some species 

of forensically signif icant blowfl ies of the family Cal l iphoridae. His study showed that 

development has been faster at a higher temperature (Anderson, 2000). 

Between-populat ion variation effects were seen in this study. Developmental 

threshold (LDT) values for different populat ions ranged from 7.4°C for the Czech 

Republic to 9.5°C for Italy, and that is a lmost 2.1°C higher for T. sinuatus f rom Italian 

populat ion. The observed dif ferences are signif icant. Development of the Czech 

populat ion of T. sinuatus f rom 1st instar larva to adult took 31.1 days a t 2 0 ° C and 20.9 

days at 24°C. This is longer than for another populat ions, including German 

populat ion, which takes 27.7 days at 20°C and 20.3 days at 24°C, and Italian one, 

wh ich takes 25.1 days at 20°C and 19.2 days at 24°C, which is the fastest result. 

However, the opposi te trend is that development of the Italian populat ion at low 

temperature took longer than the Czech populat ion, which takes 52.4 days at 14°C, 

whi le Italian beetles takes 61.9 days at 14°C. It is likely that the observed dif ferences 

between Czech, German and Italian populat ions of T. sinuatus are due to specific 

di f ferences in their areas and probably adaptat ion to local cl imatic condit ions. 
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It was evident the change in the duration of development . Hence, values of A D D and 

LDT differ between the studied populat ions. Is important to mention that, in 

accordance to the already publ ished literature, populat ions presenting higher A D D 

and low LDT will develop faster at low temperatures, in this study the Czech 

populat ion. On the other hand, populat ions featuring low A D D and high LDT will 

develop faster, as here was observed for the Italian populat ion. This changes in the 

values of LDT and A D D are necessary for the deve lopment of the species and to 

successful ly achieve adul thood. One explanation of this process on insects' 

populat ions is an adaptat ion to a better per formance in envi ronments where animals 

have to encounter long periods of low temperatures (Honek & Kocourek, 1990). 

Mortality of the larvae was very low during the entire exper iment, however, there was 

the mortality in the egg stage, namely the eggs did not hatch. This was the reason for 

presented the thermal summat ion model just for f ive developmenta l stages of T. 

sinuatus, because the data were excluded for eggs. I encountered mortality problem 

when I did the exper iment already for my bachelor 's thesis. But it should be noted that 

I worked with another species and mortal i ty of the larvae was high, especial ly in the 

third larval instar. I suppose it could be attr ibuted to several causes, the most obvious 

of which are an infection and the substrate affected by mold. This t ime mortality has 

been low. Montoya-Mol ina et al. (2020; 2021) study, whi le working with the same 

species, and with Thanatophilus rugosus also faced similar mortality in the egg stage, 

and they not iced that it could be probably a bacterial or fungal infection. 

Also, some deformat ions of adult beet les were detected at the highest exper imental 

temperature (24°C). 

8. C O N C L U S I O N S 

The main subjects d iscussed in my master's thesis are the model species 

Thanatophilus sinuatus, the thermal summat ion models for this species and 

geographical variabil ity of this species within three geographic regions with different 

cl imatic condit ions (Czech Republic, Germany, and Italy). Primarily, it was necessary 

to examine in advance the relevant information and then wri te a l i terature review 

related to the key topics of the thesis. When I was writ ing a theoretical part, one of the 

problems that I faced was the lack of information regarding the subfamily Si lphinae. I 

had the same problem when I was writ ing my bachelor 's thesis, that is, the necessary 

information regarding the subfamily Si lphinae, which were concern to me, but 

publ ications about the subfamily Nicrophorinae were avai lable in large number. 
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In the practical part, I have reviewed the biology of Thanatophilus sinuatus. There is 

a descript ion of the laboratory investigation, including the methodology of the work. 

Thermal summat ion models for the five stages of T. sinuatus for three different 

populat ions of the same species (Czech Republic, Germany, and Italy) was created 

as a result of the laboratory exper iment. In addit ion, between-populat ion variat ion in 

larval development rate were observed. 

Both pre-set hypotheses were conf i rmed: 

Temperature has impact on larval deve lopment rate, and if the the 

temperature rises, this leads to the deve lopment rate increases and larval 

stage durat ion becomes shorter. 

Between-populat ion variat ion in larval development rate exists. 

Czech populat ion f rom region with a colder and wetter cl imate compared to the 

German and Italian populat ions, has greater cold to lerance, and has higher larval 

deve lopment rate at lowest exper imental temperature 14 °C, than populat ions of the 

same species f rom warmer regions (Germany, Italy). The reverse is also true: Italian 

populat ion from warmer region has greater heat to lerance and has higher larval 

deve lopment rate at the highest exper imental temperature 24 °C, than populat ions 

f rom colder regions (Czech Republic, Germany) . 

Si lphidae is a fascinat ing family of insects, with interesting ecology and a high 

potential utility in forensic entomology. At the same t ime, very regrettably, most of the 

studies, especial ly in the past, has focused on flies (Diptera), so necrophagous 

beetles of the family Si lphidae did not get as much scientif ic attention as they 

deserved. But fortunately, the situation is gradual ly changing, and I wou ld like to point 

to this t rend began to change, slowly but surely. Scientists are beginning to direct their 

attention to this topic. I am pleased to see that this gap can be el iminated. There is 

still a lot of work to be done, and it will take t ime, and a combined effort of many 

scholars. 

36 



9. REFERENCES 

A M E N D T , J . , R ICHARDS, C. S., C A M P O B A S S O , C. P., ZEHNER, R., & HALL, 

M. J . R. 2 0 1 1 : Forensic Entomology: Appl icat ions and Limitat ions. Forensic 

Science, Medicine and Pathology 7 (4): 3 7 9 - 3 9 2 . 

A M E N D T , J . , C A M P O B A S S O , C. P., GOFF, M. L , & G R A S S B E R G E R , M. 2014: 

Current Concepts in Forensic Entomology. Springer, Dordrecht, 376 pp. 

A N D E R S O N , R. S. 1982: Burying Beetle Larvae: Nearctic Nicrophorus and 

Oriental Ptomascopus morio (Si lphidae). Systematic Entomology 7: 2 4 9 -

264. 

A N D E R S O N , R. S., & PECK, S. B. 1985: The Insects and Arachnids of Canada, 

Part 13. The carrion beetles of Canada and Alaska: Coleoptera: Silphidae 

and Agyrtidae. Agriculture Canada, Ot tawa, 126 pp. 

A N D E R S O N , R. S., & PECK, S. B. 1986: Geographic patterns of colour variation 

in North Amer ican Nicrophorus burying beetles (Coleoptera; Si lphidae). 

Journal of Natural History 20: 2 8 3 - 2 9 7 . 

A N D E R S O N , G. S. 1995: The use of Insects in Death Investigations: An Analysis 

of Cases in British Columbia over a Five Year Period. Canadian Society of 

Forensic Science Journal 28 (4): 2 7 7 - 2 9 2 . 

A O P K ČR, ©2022 : Portál informačního systému ochrany přírody (online) 

[ci t .2022.03.10], avai lable f rom 

<ht tps: / /por ta l .nature.cz/publ ik_sysťnd_nalez-publ ic .php?idTaxon=9390>. 

A R N O L D , O Y. 1960: Max imum-Min imum Temperatures as a Basis for 

Comput ing Heat Units. Proceedings of the American Society for 

Horticultural Science 76 (1): 6 8 2 - 9 2 . 

BENECKE, M. 2 0 0 1 : A Brief History of Forensic Entomology. Forensic Science 

International 120: 2 - 1 4 . 

BENECKE, M. 2008: A brief survey of the history of forensic entomology. Acta 

Biologica Benrodis 14: 15 -38 . 

BLOUIN-DEMERS, G., & W E A T H E R H E A D , P. J . 2000: A novel associat ion 

37 

https://portal.nature.cz/publik_sys�nd_nalez-public.php?idTaxon=9390


between a beetle and a snake: Parasit ism of Elaphe obsoleta by 

Nicrophorus pustulatus. Ecosciencel (4): 3 9 5 - 3 9 7 . 

BLUNCK, H. 1914: Die Entwicklung von Dytiscus marginatus L. vom Ei bis zur 

Imago. Zeitschrift für wissenschaftliche Zoologie 1 1 1 : 7 6 - 1 5 1 (in German) . 

BLUNCK, H. 1923: Zur Kenntnis des "Breitrands" Dytiscus. Zoologischen 

Anzeiger 57: 157 -168 (in German) . 

BOUKAL, D. S., DITRICH, T , KUTCHEROV, D., SROKA, P., DUDOVÁ, P., & 

PAPÁČEK, M. 2015: Analyses of developmenta l rate isomorphy in 

ectotherms: Introducing the dirichlet regression. PLoS ONE 10 (6): 1-16. 

BRIERE, J . F., PRACROS, P., LE ROUX A. Y., & PIERRE J . S. 1999: A Novel 

Rate Model of Temperature-Dependent Development for Arthropods. 

Environmental Entomology 28 (1): 2 2 - 2 9 . 

BYRD, J . H., & CASTNER, J . L. 2009: Forensic Entomology: The Utility of 

Arthropods in Legal Investigations, Second Edition. CRC Press, New York, 

705 pp. 

CATTS, E. P., & GOFF, M. L. 1992: Forensic Entomology in Criminal 

Investigation. Annual Review of Entomology 37: 2 5 3 - 2 7 2 . 

CAMPBELL , A., FRAZER, B. D., GILBERT, N., GUTIERREZ, A. P., & 

MACKAUER, M. 1974: Temperature Requirements of Some Aphids and 

Their Parasites. Journal of Applied Ecology 11 (2): 4 3 1 - 4 3 8 . 

CAMPBELL , D., FOGEL, S., & LUSNAK, K. 1975: Mitotic ch romosome loss in a 

disomic haploid of Saccharomyces cerevisiae. Genetics 79 (3): 3 8 3 - 3 9 6 . 

COSSINS, A. R., & BOWLER, K. 1987: Temperature Biology of Animals. 

Chapman and Hall, New York, 327 pp. 

D A M O S , P., & S A V O P O U L O U - S O U L T A N I , M. 2010: Development and 

statistical evaluat ion of models in forecasting moth phenology of major 

lepidopterous peach pest complex for Integrated Pest Management 

programs. Crop Protection 29 (10): 1190-1199 . 

D A M O S , P. T., & S A V O P O U L O U - S O U L T A N I , M. 2012: Temperature-Dr iven 

Models for Insect Development and Vital Thermal Requirements. Psyche: 

38 



1-13. 

DEBREUIL, M. 2003: Contr ibut ion ä la Connaissance de la Familie des Si lphidae 

Latreil le, 1807 (Coleoptera Staphyl inoidea). l e r e Partie. Rutilans6 (2): 2 9 -

37 (in French). 

DI MAIO, D. J . M., & DI MAIO V. J . M. 2 0 0 1 : Forensic Pathology. 2nd Edition. 

Taylor & Francis, London, 592 pp. 

D IXON, A. F. G., HONEK, A., KELI, P., KOTELA, M. A. A., SIZLING, A. L , & 

JAROSIK, V. 2009: Relat ionship between the min imum and max imum 

temperature thresholds for deve lopment in insects. Functional Ecology 23 

(2) : 2 5 7 - 2 6 4 . 

DOBLER, S., & MÜLLER, J. K. 2000: Resolving Phylogeny at the Family Level 

by Mitochondrial Cytochrome Oxidase Sequences: Phylogeny of Carrion 

Beetles (Coleoptera, Si lphidae). Molecular Phylogenetics and Evolution 15 

(3) : 3 9 0 ^ 0 2 . 

DREYER, H., & BAUMAGARTNER, J. 1996: Temperature Inf luence on Cohort 

Parameters and Demographic Characterist ics of the Two Cowpea Coreids 

Clavigral la tomentosicol l is and C. shadabi . Entomologia Experimentalis et 

Applicata 78: 2 0 1 - 2 1 3 . 

EGGERT, A. K., & MÜLLER, J. K. 2000: T iming of oviposit ion and reproduct ive 

skew in cobreeding female burying beetles (Nicrophorus vespi l loides). 

Behavioral Ecology 11 (4): 3 5 7 - 3 6 6 . 

ERHAN, C., & BEYARSLAN, A. 2013: Identif ication of Dipteran Species of 

Forensic Entomology Importance in Summer Season in Edirne. Bitlis Eren 

University Journal of Science and Technology 3: 8 - 2 1 . 

G E N N A R D , D. E. 2007: Forensic Entomology. An Introduction. John Wiley & 

Sons, Chicago, 221 pp. 

G O F F , M. L. 1993: Estimation of Postmortem Interval Using Arthropod 

Development and Successional Patterns. Forensic Science Reviews 5: 8 1 -

94. 

G O F F , L. M. 2010: Early postmor tem changes and stages of decomposi t ion, pp. 

39 



1-24. In: A M E N D T , M. L. GOFF, C. P. C A M P O B A S S O , and M. 

G R A S S B E R G E R (eds.), Current concepts in forensic entomology. 

Springer, Dordrecht, The Nether lands. 

G R A S S B E R G E R , M., & REITER, C. 2 0 0 1 : Effect of temperature on Lucilia 

ser icata (Diptera: Cal l iphoridae) development with special reference to the 

isomegalen- and isomorphen-d iagram. Forensic Science International 120 

(1 -2 ) : 3 2 - 3 6 . 

G R A S S B E R G E R , M., & FRANK, C. 2004: Initial study of ar thropod succession 

on pig carrion in a central Europe urban habitat. Journal of Medical 

Entomology Al (3): 5 1 1 - 5 2 3 . 

GREBENNIKOV, V. V. & N E W T O N , A. F. 2012 : Detecting the basal d ichotomies 

in the monophy lum of carr ion and rove beetles (Insecta: Coleoptera: 

Si lphidae and Staphyl inidae) with emphasis on the Oxytel ine group of 

subfamil ies. Arthropod Systematics and Phytogeny 7 0 : 1 3 3 - 1 6 5 . 

G R E E N B E R G , B., & KUNICH, J. C. 2002 : Entomology and the Law: Flies and 

Forensic Indicators. Cambr idge University Press, Cambr idge, 306 pp. 

HARVEY, M. L , GASZ, N. E., & VOSS, S. C. 2016: Entomology-based methods 

for estimation of postmortem interval. Research and Reports in Forensic 

Medical Science 6: 1-9. 

HASTIR, P., & GASPAR, C. 2 0 0 1 : Diagnose d'une famil le de fossoyeurs: les 

Si lphidae. Note fauniquede Gembloux 4 4 : 1 3 - 2 5 (in French). 

H O E R M A N N , O , J A U C H , D., K U B O T S C H , O , REICEL-JUNG, K., STEIGER, 

S., & AY ASSE, M. 2018: Effects of Abiotic Environmental Factors and Land 

use on the Diversity of Carrion-Visit ing Silphid Beetles (Coleoptera: 

Si lphidae): A Large Scale Carr ion Study. PLoS ONE 13 (5): e0196839. 

H O F F M A N , A.A., S 0 R E N S E N , J. G., & LOESCHCKE, V. 2003: Adaptat ion of 

Drosophi la to Temperature Extremes: Bringing Together Quanti tat ive and 

Molecular Approaches. Journal of Thermal Biology 2 8 : 1 7 5 - 2 1 6 . 

HONEK, A. 1990: Host plant energy al location to and within ears, and 

abundance of cereal aphids. Journal of Applied Entomology 110 (1-5): 6 8 -

72. 

40 



HONĚK, A., & KOCOUREK, F. 1990: Temperature and Development T ime in 

Insects: A General Relat ionship between Thermal Constants. Zoologische 

Jahrbucher: Abteilung fur Systematik, Ökologie und Geographie der Tiere 

117: 4 0 1 - 4 3 9 . 

IKEDA, H., KUBOTA, K., KAGAYA, T., & ABE , T. 2007: Flight Capabil i t ies and 

Feeding Habits of Si lphine Beetles: Are Flightless Species Really "Carrion 

Beetles"? Ecological Research 22: 2 3 7 - 2 4 1 . 

IKEMOTO, T., & TAKAI , K. 2000: A New Linearized Formula for the Law of Total 

Effective Temperature and the Evaluation of Line-Fitt ing Methods with Both 

Variables Subject to Error. Environmental Entomology 29 (4): 6 7 1 - 6 8 2 . 

INFANTE, F. 2000: Development and Populat ion Growth Rates of Prorops 

nasuta (Hym., Bethyl idae) at Constant Temperatures. Journal of Applied 

Entomology 124: 3 4 3 - 3 4 8 . 

INTRONA, F., ALTAMURA, B., DELLERBA A., & DATTOLI , V. 1989: T ime since 

death definit ion by exper imental reproduct ion of Lucilia sericata cycles in 

growth cabinet. Journal of Forensic Sciences 34 (2): 4 7 8 - 4 8 0 . 

JAKUBEC, P., NOVÁK, M., QUBAIOVÁ, J . , ŠULÁKOVÁ, H., & RŮŽIČKA, J. 

2019: Descript ion of Immature Stages of Thanatophi lus sinuatus 

(Coleoptera: Si lphidae). International Journal of Legal Medicine 133 (5) : 

1549-1565 . 

JAKUBEC, P., KADLEC, J . , & ŠÍPEK, P. 2 0 2 1 : Standardized Laboratory 

Methodology for the Evaluation of Foraging Strategies in Necrophi lous 

Beet les: A Case Study of Necrophi la (Calosi lpha) brunnicoll is (Coleoptera: 

Si lphidae). Journal of Medical Entomology 58 (1): 4 0 - 4 6 . 

J A M E S , S. S., PEREIRA, R. M., VAIL, K. M., & OWNLEY, B. H. 2002 : Survival 

of imported fire ant (Hymenoptera: Formicidae) species subjected to 

freezing and near-freezing temperatures. Environmental Entomology 3 1 : 

127-133 . 

JENKINS, T., HOBACK, W. W., LEASURE, D., MUDLER, P., & DAVIS, C. 2018: 

Distribution of the Endangered Amer ican Burying Beetle at the 

Northwestern Limit of its Range. Insect Systematics and Diversity 2 (1): 1 -

8. 
41 



J I , Y. 2 0 1 2 ; The Carrion Beetles of China (Coleoptera: Silphidae). China Forestry 

Publishing House, Beij ing, 309 pp. 

J O H N S O N , M. D. 1974: Seasonal and Microseral Variat ions in the Insect 

Populat ions on Carr ion. American Midland Naturalist 93: 7 9 - 9 0 . 

J O S E P H , I., M A T H E W , D. G., S A T H Y A N , P., & V A R G H E E S E , G. 2 0 1 1 : The 

Use of Insects in Forensic Investigat ions: An Overv iew on the Scope of 

Forensic Entomology. Journal of Forensic Dental Sciences 3 (2): 8 9 - 9 1 . 

JU , R.-T., W A N G F., & LI, B. 2 0 1 1 : Effects of Temperature on the Development 

and Populat ion Growth of the Sycamore Lace Bug, Corythucha ciliata. 

Journal of Insect Sciences 11 (16): doi :10.1673/031.011.0116. 

KASHYAR, V. K., & PILLAY, V. V. 1989: Efficacy of Entomological Method in 

Estimation of Postmortem Interval: A Comparat ive Analysis. Forensic 

Science International 40 (3): 2 5 4 - 2 5 0 . 

K IPYATKOV, V. E., & LOPATINA, E. B. 2002: Reaction norm in response to 

temperature may change to adapt rapid brood development to boreal and 

subarct ic c l imates in Myrmica ants (Hymenoptera: Formicidae). European 

Journal of Entomology 99 (2): 197 -208 . 

K IPYATKOV, V. E., & LOPATINA, E. B. 2010: Intraspecific variation of thermal 

reaction norms for development in insects: new approaches and prospects. 

Entomological Review89 (1): 3 3 - 6 1 (in Russian). 

K ING, J . , RIEGLER, M., T H O M A S , R., & S P O O N E R - H A R T , R. 2015: 

Phylogenetic Placement of Austral ian Carrion Beetles (Coleoptera: 

Si lphidae): Phylogeny of Austral ian Si lphidae. Austral Entomology 54 (4): 

1-10. 

KOČÁREK, P. 2 0 0 1 : Diurnal Activity Rhythms and Niche Differentiation in a 

Carrion Beetle Assemblage (Coleoptera: Si lphidae) in Opava, the Czech 

Republic. Biological Rhythm Research 32 (4): 4 3 1 ^ 3 8 . 

KOČÁREK, P. 2003: Decomposi t ion and Coleoptera succession on exposed 

carrion of small mammal in Opava, the Czech Republic. The European 

Journal of Soil Biology 39 (1): 31 - 4 5 . 

42 



KOZMINYKH, V. O. 1994: A New Species of Carrion Beetles of the genus 

Thanatophi lus (Coleoptera, Si lphidae) f rom the southern Urals. 

Zoologichesky Zhurnal 73: 161 -165 (in Russian). 

L A W R E N C E , J . F., & N E W T O N , A. F. 1982: Evolution and Classif ication of 

Beetles. Annual Review of Ecology and Systematics 13: 261 - 2 9 0 . 

L A W R E N C E , J . F., & SLIPINSKI , A. 2013: Australian Beetles. Volume 1: 

morphology, classification and keys. CSIRO Publ ishing, Cool ingwood, 576 

pp. 

LEI, G., LIU, F., LIU, P., Z H O U , Y., J IAO, T., DANG, Y. -H. , 2019: A bibl iometric 

analysis of forensic entomology trends and perspect ives wor ldwide over the 

last two decades (1998-2017) . Forensic Science International 295: 7 2 - 8 2 . 

L O G A N , J . , W O O L K I N D , D., HOYT, S., & TANIGOSHI , L. 1976: An Analytic 

Model for Descript ion of Temperature-Dependent Rate Phenomena in 

Ar thropods. Environmental Entomology 5 : 1 1 3 3 - 1 1 4 0 . 

MADEA, B., GRELLNER, W., & K O N D O , T. 2014: Vital React ions and Wound 

Age Est imat ion. Pp. 2 3 7 - 2 5 2 . In: MADEA, B.: Handbook of forensic 

medicine. Wi ley-Blackwel l , Hoboken, 1288 pp. 

MAGNI , P., GUERCIN I , S., LE IGHTON, A., & DADOUR, I. 2013: Forensic 

entomologists: An evaluation of their status. Journal of Insect Science 13: 

1-9. 

MARTÍN-VEGA, D., & BAZ, A. 2012: Spat iotemporal distribution of 

Necrophagous beetles (Coleoptera: Dermest idae, Si lphidae) assemblages 

in natural habitats of Central Spain. Annals of the Entomological Society of 

America 105 (1): 4 4 - 5 3 . 

M A T U S Z E W S K I , S., BAJERLEIN, D., K O N W E R S K I , S., & SZPILA, K. 2010: 

Insect Succession and Carr ion Decomposi t ion in Selected Forests of 

Central Europe. Part 2: Composi t ion and Residency Patterns of Carrion 

Fauna. Forensic Science International 195 (1-3): 4 2 - 5 1 . 

M A T U S Z E W S K I , S. 2 0 2 1 : Post-Mortem Interval Est imation Based on Insect 

Evidence: Current Chal lenges. Insects 12 (4): 314. 

43 



M A T U S Z E W S K I , S., & MADRA-B IELEWICZ, A. 2 0 2 1 : Compet i t ion of insect 

decomposers over large vertebrate carr ion: Necrodes beetles (Silphidae) 

vs. blow flies (Cal l iphoridae). Current Zoology 15 (3): 1-12. 

MCKENNA, D. D., FARELL, B. D., CATERINO, M. S., FARNUM, C. W., HAWKS, 

D. C , M A D D I S O N , D. R., S E A G O , A. E., SHORT, A. Z., N E W T O N , A. F., 

& THAYER, M. K. 2015: Phytogeny and evolut ion of Staphyl ini formia and 

Scarabaei formia: forest litter as a stepping stone for diversif ication of 

nonphytophagous beet les. Systematic Entomology AO (1): 3 5 - 6 0 . 

MÉGNIN , P. 1894: La faune des cadavres: application de /'entomologie a la 

médecine legale manual of forensic entomology. G. Masson & Gauthier-

Villars et fils, Paris, 214 pp. (in French) 

MIDGLEY, J . M., & VILLET, M. H. 2009: Development of Thanatophi lus micans 

(Fabricius 1794) (Coleoptera: Si lphidae) at Constant Temperatures. 

International Journal of Legal Medicine 123 (4): 2 8 5 - 2 9 2 . 

MONTOYA-MOLINA, S., JAKUBEC, P., QUBAIOVÁ, J . , NOVÁK, M., 

ŠULÁKOVÁ, H., & RŮŽIČKA, J. 2020: Developmental Models of the 

Forensical ly Important Carr ion Beetle, Thanatophi lus sinuatus (Coleoptera: 

Si lphidae). Journal of Medical Entomology 5B (3): 1041-1047 . 

MONTOYA-MOLINA, S., JAKUBEC, P., QUBAIOVÁ, J . , NOVÁK, M., 

ŠU LÁKOVÁ, H., & RŮŽIČKA, J. 2 0 2 1 : Developmental Models of the 

Carrion Beetle Thanatophi lus rugosus (Linnaeus, 1758) (Coleoptera: 

Si lphidae). Scientific Reports 1 1 : 1 9 3 7 7 . 

M R O C Z K O W S K I , M. 1966: Si lphidae, Catopidae and Dermest idae of the Noona 

Dan Expedit ion to the Phil ippine and Bismarck Islands. Entomologiske 

Meddelelser34: 3 2 5 - 3 2 8 . 

S O N G , N., ZHAI , Q., & Z H A N G , Y. 2 0 2 1 : Higher-level phylogenet ic relat ionships 

of rove beetles (Coleoptera, Staphyl inidae) inferred from mitochondrial 

genome sequences. Mitochondrial DNA. Part A, DNA mapping, 

sequencing, and analysis 32 (3): 9 8 - 1 0 5 . 

N E W T O N A. 2018: Staphyl ini formia wor ld catalog database. In: BÁNKI O., 

ROSKOV Y., VANDEPITTE L , DEWALT R. E., R E M S E N D., SCHALK P., 

O R R E L L T., KEPING M., MILLER J . , AALBU R., A D L A R D R., 
44 



A D R I A E N S S E N S E., A E D O C , A E S C H T E., AKKARI N., A L O N S O -

Z A R A Z A G A M. A., ALVAREZ B., ALVAREZ F., A N D E R S O N G. et al. (eds): 

Catalogue of Life Checkl ist (Nov 2018). 

NOVAK, B. 1966: Dynamika populacf broukü ze skupiny Silphini (Coleoptera) 

(Populat ionsdynamik der Silphini (Coleoptera)) . Acta Universitatis 

Palackianae Olomucensis, Facultas Rerum Naturalium 22: 1 2 9 - 1 5 1 . 

PEDIGO, L. P., HIGLEY, L. G., & OSTILE, K. R. 1986: Degday: A Program for 

Calculat ing Degree-days, and Assumpt ions Behind the Degree-day 

Approach. Environmental Entomology\5 (5): 999 -1016 . 

PECK, S. B. 1990: Insecta: Coleoptera Si lphidae and the associated famil ies 

Agyrt idae and Leiodidae. Pp. 1113 -1136 . In: DINDAL, D. L. (ed.): Soil 

Biology Guide. John Wiley & Sons, New York, xviii + 1349 pp. 

PEDIGO, L. P., RICE, M.E., & KRELL R. K. 2 0 2 1 : Entomology and Pest 

Management: Seventh Edition. Wave land Press, Long Grove, 569 pp. 

PETRUSKA, F. 1975: The effect of predominat ing winds on the flight of some 

species of beetles from the group of Si lphidae into pitfall traps (Col. 

Si lphidae). Acta Universitatis Palackianae Olomucensis, Facultas Rerum 

Naturalium 5 1 : 55 -175 . 

P U K O W S K I , E. 1933: Ökologische Untersuchungen an Necrophorus F. 

Zeitschrift für Morphologie und Ökologie der Tiere 27: 5 1 8 - 5 8 6 . 

PORTEVIN, G. 1926: Les grands necrophages du globe, Silphini-Necrodini-

Necrophorini. Encyclopedie Entomologique (A), Vol. 6. Paul Lechevalier, 

Paris, 270 pp. 

RATCLIFFE, B. C. 1996: The carrion beetles (Coleoptera: Silphidae) of 

Nebraska. The University of Nebraska State Museum, Lincoln, 100 pp. 

R C O R E T E A M , 2016: R: A Language and Environment for Statistical 

Computing. R Foundat ion for Statistical Comput ing, Vienna, Austr ia. 

(https:/ /www.R-proiect.org/). 

REGNIERE, J . , POWELL, J. , BENTZ, B., & NEALIS, V. 2012: Effects of 

temperature on development , survival and reproduct ion of insects: 

45 

http://www.R-proiect.org/


Experimental des ign, data analysis and model ing. Journal of Insect 

Physiology 58 (5): 6 3 4 - 6 4 7 . 

R ICHARDS, C. S., P A T E R S O N , I. D., & VILLET, M. H. 2008: Estimating the age 

of immature Chrysomya albiceps (Diptera: Cal l iphoridae), correcting for 

temperature and geographical latitude. International Journal of Legal 

Medicine 122 (4): 2 7 1 - 2 7 9 . 

R IDGEWAY, J. A., MIDGLEY, J . M., COLLTT, I. J . , & VILLET, M. H. 2013 : 

Advantages of using deve lopment models of the carrion beetles 

Thanatophi lus micans (Fabricius) and T. muti latus (Castelneau) 

(Coleoptera: Si lphidae) for est imating min imum post mortem intervals, 

veri f ied with case data. International Journal of Legal Medicine 128 (1): 

2 0 7 - 2 2 0 . 

RŮŽIČKA, J . 1994: Seasonal Activity and Habitat Associat ions of Si lphidae and 

Leiodidae: Cholevinae (Coleoptera) in Central Bohemia. Acta Societatis 

Zoologicae Bohemicae 58: 6 7 - 7 8 . 

RŮŽIČKA, J. 2002: Taxonomie and Nomenclator ial Notes on Palaearctic 

Si lphinae (Coleoptera: Si lphidae). Acta Societatis Zoologicae Bohemica66: 

3 0 3 - 3 2 0 . 

RŮŽIČKA, J. 2015: Si lphidae, pp. 5, 2 9 1 - 3 0 4 . In: LÖBL I. & LÖBL D. (eds): 

Catalogue of Palaearctic Coleoptera Volume 2. Hydrophiloidea -

Staphylinoidea, Revised and Updated Edition. Brill, Leiden, Boston, xxvi + 

1702 pp. 

RŮŽIČKA, J. , QUBAIOVÁ, J. , NISHIKAWA, M., & SCHNEIDER, J. 2015: 

Revision of Palearctic and Oriental Necrophi la Kirby et Spence, part 3: 

subgenus Calosi lpha Portevin (Coleoptera: Si lphidae: Si lphinae). Zootaxa 

4013 (4): 4 5 1 - 5 0 2 . 

RŮŽIČKA, J . , & J A K U B E C P. 2016: Icones Insectorum Europae Central is. 

Coleoptera: Agyrt idae, Si lphidae. Folia Heyrovskiana, Series B 26: 1-17. 

RŮŽIČKA, J. , & J A K U B E C P. 2017: Spatial Distribution Model ing of 

Thanatophi lus sinatus (Coleoptera: Silphidae) in the Czech Republic. 

RŮŽIČKA, J . , & J A K U B E C P. 2017: Si lphidae (mrchožrotovit í) . Pp. 4 1 7 - 4 1 8 . In: 

46 



HEJDA, R., FARKAČ, J. , & CHOBOT, K. (eds): Červený seznam 

ohrožených druhů České republiky. Bezobratlí. Agentura ochrany přírody a 

krajiny, Praha, 611 pp. 

SCHAWALLER, W. 1981 : Taxonomie und Faunistik der Gattung Thanatophi lus 

(Coleoptera: Si lphidae). Stuttgarter Beiträge zur Naturkunde 3 5 1 : 1-21 (in 

German) . 

SCHAWALLER, W. 1987: Faunist ische und Systemat ische Daten zur Si lphidae-

Fauna Sudafr ikas (Coleoptera, Si lphidae). Entomofauna, Zeitschrift für 

Entomologie 19: 2 7 7 - 2 8 5 (in German) . 

S C H M A L E N S E E von L , GUNNARSDÓTTIR , K. H., NÄSLUND, J. , G O T T H A R D , 

K., & L E H M A N N , P. 2 0 2 1 : Thermal Performance under Constant 

Temperatures can Accurately Predict Insect Development T imes across 

Naturally Variable Microcl imates. Ecology Letter 24 (8): 1633-1645 . 

SCOTT, M. P. 1994: Competi t ion with Flies Promotes Communa l Breeding in 

the Burying Beetle, Nicrophorus tomentosus. Behavioral Ecology and 

Sociobiology 34: 3 6 7 - 3 7 3 . 

SCOTT, M. P. 1998: The Ecology and Behavior of Burying Beetles. Annual 

Review of Entomology 43 : 595 -618 . 

SHARMA, R., G A R G , R. K., & GAUR, J . R. 2015: Various Methods for the 

Estimation of the Post Mortem Interval f rom Cal l iphoridae: A Review. 

Egyptian Journal of Forensic Sciences 5 (1) : 1-12. 

SIKES, D. S., M A D G E , R. B., & N E W T O N , A. F. 2002 : A catalog of the 

Nicrophorinae (Coleoptera: Si lphidae) of the wor ld . Zootaxa 29: 1-304. 

SIKES, D. S. 2005: Si lphidae Latreil le, 1807. Pp. 2 8 8 - 2 9 6 . In: KR ISTENSEN, N. 

P., & BEUTEL, R. G. (eds): Handbook of Zoology. Vol.4.: Arthropoda: 

Insecta. Waler de Gruyter, Berl in, 567 pp. 

SIKES, D. S. 2008: Carrion Beetles (Coleoptera: Si lphidae). Pp. 7 4 9 - 7 5 8 . In: 

CAPINERA, J . L. (ed.): Encyclopedia of Entomology. Springer, Dordrecht, 

4346 pp. 

SIKES, D. S., VAMOSI , S. M., T R U M B O , S. T., R ICKETTS, M., & VENABLES, 

47 



C. 2008: Molecular Systemat ics and Biogeography of Nicrophorus in Part 

— The Investigator Species Group (Coleoptera: Si lphidae) Using Mixture 

Model M C M C . Molecular Phylogenetics and Evolution 48 (2): 646 -666 . 

SIKES, D. S., & VENABLES, C. 2013: Molecular Phylogeny of the Burying 

Beetles (Coleoptera: Si lphidae: Nicrophor inae). Molecular Phylogenetics 

and Evolution 69 (3): 552 -565 . 

SIKES, D. S., S T E P H E N T. T., & S T E W A R T B. P. 2016: Cryptic Diversity in the 

New Wor ld Burying Beetle Fauna: Nicrophorus hebes Kirby; New Status as 

a Resurrected Name (Coleoptera: Si lphidae: Nicrophor inae). Arthropod 

Systematics & Phylogeny 74 (3): 2 9 9 - 3 0 9 . 

SMITH, K. G. V. 1986: A Manual of Forensic Entomology. British Museum 

(Natural History) and Cornell University Press, London, 205 pp. 

SMITH, G., T R U M B O , S., S IKES, D., SCOTT, M. & SMITH, R. 2007: Host shift 

by the burying beetle, Nicrophorus pustulatus, a parasitoid of snake eggs. 

Journal of Evolutionary Biology 20 (6): 2389 -2399 . 

SOKAL, R., & ROHLF, F. 2012: Biometry: the principles and practice of statistics 

in biological research, Fourth Edition. W . H . Freeman, New York, 797 pp. 

T O M B E R L I N , J . K., & BENBOW, M. E. 2015: Forensic Entomology: International 

Dimensions and Frontiers. CRC Press, Boca Raton, 468 pp. 

TAYLOR, F. 1981 : Ecology and Evolution of Physiological T ime in Insects. 

American Naturalist 1 1 7 : 1 - 2 3 . 

TOUSSAINT , E. F. A., & C O N D A M I N E , F. L. 2016: To What Extent Do New 

Fossil Discoveries Change our Understanding of Clade Evolut ion? A 

Caut ionary Tale from Burying Beetles (Coleoptera: Nicrophorus). Biological 

Journal of the Linnean Society 117 (4): 6 8 6 - 7 0 4 . 

T U N G , V. W.-Y. 1983: Common Malaysian Beetles. Longman Malaysia Snd. 

Berhad, Kuala Lumpur, 142 pp. 

W A G N E R , T. L , W U , H. I., SHARPE, P. J . H., SCHOOLFIELD, R. M., & 

C O U L S O N , R. N. 1984: Model ing insect development rates: a literature 

review and applicat ion of a biophysical model . Annals of the Entomological 

48 



Society of America 77 (2): 2 0 8 - 2 2 0 . 

W A T S O N , E. J . , & C A R L T O N , C. E. 2003: Spring Succession of Necrophi lous 

Insects on Wildl i fe Carcasses in Louisiana. Journal of Medical Entomology 

40 (3): 3 3 8 - 3 4 7 . 

W A T S O N , E. J . , & C A R L T O N , C. E. 2005: Succession of Forensical ly Signif icant 

Carrion Beetle Larvae on Large Carcasses (Coleoptera: Si lphidae). 

Southeastern Naturalist A (2): 3 3 5 - 3 4 6 . 

W A Y N E , D. L , & RODRIGUEZ, W. C. 1989: Forensic Entomology: The Use of 

Insects in the Investigation of Homicide and Untimely Death. The 

Prosecutor 1989 (Win te r ) : 4 1 - 4 8 . 

WINSOR, M. P. 1976: The Development of Linnaean Insect Classif ication. 

Taxon 2 5 ( 1 ) : 5 7 - 6 7 . 

W O L F J . , & G IBBS J . 2004. Silphids in Urban Forests: Diversity and Function. 

Urban Ecosystems 7: 3 7 1 - 3 8 4 . 

Y A N G , P. J . , CAREY, J . R., DOWELL, R. V. 1994: Temperature Inf luence on the 

Development and Demography of Bactrocera dorsalis (Diptera: 

Tephri t idae) in China. Environmental Entomology 23: 9 7 1 - 9 7 4 . 

ZAHIRI , B., FATHIPOUR, Y., KHANJANI , M., M O H A R R A M I P O U S , S., & 

ZALUCKI , M. P. 2010: Preimaginal Development Response to Constant 

Temperatures in Hypera post ica (Coleoptera: Curcul ionidae): Picking the 

Best Model . Environmental Entomology 39 (1): 177 -189 . 

ZAKHVATKIN , Y. A. 2 0 0 1 : General Entomology Course. Kolos, Moscow, 376 pp 

(in Russian). 

Z H E N G , F. S., DU, Y. Z., W A N G , Z. J . , & X U , J . J . 2008: Effect of temperature 

on the demography of Galerucel la b i rmanica (Coleoptera: Chrysomel idae). 

Insect Science 15: 3 7 5 - 3 8 0 . 

49 



10. A N N E X E S 

Annex 1: The sampling location of the Czech population. Near Vcelna pod Boubinem, 49°01'19.3"N 
13°51'33.6"E (from https://mapy.cz/, fixed by Ipatova March 2022) 

Annex 2: The first sampling location of German population. Frankfurt Griesheim, 50°05'41.5"N 
8°37'06.4"E (from https://mapv.cz/, fixed by Ipatova March 2022) 
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Annex 3: The second sampling location of German population. Rüsselsheim am Main, 49°58'21.7"N 
8°27'15.4"E (from https://mapy.cz/, fixed by Ipatova, March 2022) 
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Annex 5: Adult carrion beetle. Nicrophorus vespillo (Linnaeus, 1758), female (photo by Pavel 
Jakubec). 
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Annex 7: Male of Thanatophilus sinuatus (photo by Pavel Jakubec) 
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Annex 9: Larvae of Thanatophilus sinuatus (photo by Pavel Jakubec). 
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