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Abstract

Necrophagous beetles (Coleoptera) are very interesting and diverse ecological group of
species with an immense impact on a natural nutrient cycle. Their main food source
and breeding ground are carrions of vertebrates, human remains included. This
relationship is often used in various ways by forensic entomology, but its potential was
not jet fully reached, because our knowledge of biology and ecology of these beetles is

very much incomplete.

In this thesis | would like to explore geographic distribution, ecological requirements
and developmental biology of several Central European necrophagous beetles as an
outcome of their ecological and evolution strategies. For that | raised three broad
research questions. Which factors are determining the local abundance of carrion
beetles (Coleoptera: Silphidae)? How the current geographical distribution of open-
landscape carrion beetles looks like in the Czech Republic? How the temperature

affects the development of Sciodrepoides watsoni (Spence, 1813)?

We found out that soil type can have significant effect on abundance of carrion beetles.
They showed preference for chernozem - Nicrophorus antennatus (Reitter), N.
germanicus (Linnaeus), N. interruptus (Stephens), N. sepultor (Charpentier), Silpha
obscura obscura (Herbst), T. sinuatus (Fabricius) or for fluvisol as did N. humator
(Gleditsch). These findings support our hypothesis that soil type could be an important

factor determining the occurrence of necrophagous European carrion beetles.

To collect novel data of the current geographical distribution of carrion beetles we used
420 baited pitfall traps at 84 localities, and we collected 71 234 specimens of 15 silphid
species. Among them, three endangered carrion beetle species listed on the Czech Red
List of Invertebrates, were found. Two are vulnerable thermophilic species of open
landscapes, Nicrophorus antennatus (Reitter, 1884) (collected around Louny and

Zidlochovice) and Nicrophorus germanicus (Linnaeus, 1758) (Louny, Zabfeh and



Zidlochovice). The third is the near threatened species, Nicrophorus sepultor
Charpentier, 1825 (collected around Louny, Kutnd Hora, Zabieh and Zidlochovice),

which also prefers open landscapes.

We studied development of common Holarctic beetle Sciodrepoides watsoni under five
constant temperature regimes in laboratory (15, 18, 21, 25 and 28°C). Parameters of
thermal summation models and their standard errors were calculated for each
developmental stage (egg, three larval instars and pupae). We also find a new
character for larval instar determination (head width) and proposed novel approach for

future studies of size-based characters in instar determination.

Keywords: Coleoptera, Silphidae, Cholevinae, geographical distribution, developmental

biology, larval instar determination, forensic entomology, nature protection



Abstrakt

Nekrofagni brouci (Coleoptera) jsou zajimavou a velmi diversifikovanou ekologickou
skupinou, s velkym dopadem na pfirozeny cyklus Zivin. Jejich hlavni slozkou potravy, a
zadroven mistem rozmnoZovani, jsou mrsiny obratlovcu, ¢lovéka nevyjimaje. Tento vztah
je Casto rlizné vyuzivan ve forenzni entomologii, ale jeho potencial neni zdaleka vyufZit,

protoZe znalost biologie a ekologie téchto broukd je velmi kusa.

V této disertacni prdaci chci prozkoumat geografické rozsifeni, ekologické naroky a
vyvojovou biologii nékolika stfedoevropskych druhl nekrofagnich broukl, tedy
vysledek jejich ekologickych a evoluénich strategii. Za timto ucelem jsem si polozil tfi
Siroce formulované otazky. Které faktory jsou urcujici pro lokalni abundanci
mrchoZroutovitych broukl (Coleoptera: Silphidae)? Jaké je soucasné geografické
rozsifeni mrchoZrout(l oteviené krajiny v Ceské republice? Jak ovliviiuje teplota vyvoj

druhu Sciodrepoides watsoni (Spence, 1813)?

Zjistili jsme, Ze pGdni typ ma statisticky vyznamny vliv na po€etnost mrchozrout(. Sest
druhli preferovalo c¢ernozemé — Nicrophorus antennatus (Reitter), N. germanicus
(Linnaeus), N. interruptus (Stephens), N. sepultor (Charpentier), Siloha obscura obscura
(Herbst), T. sinuatus (Fabricius), a jeden fluvizemé — N. humator (Gleditsch). Tyto zavéry
podporuji nasi hypotézu, Ze padni typ by mohl byt jednim z urcujicich faktord pro

vyskyt nekrofagnich evropskych mrchozrout(.

Za ucelem zjisténi geografického rozsifeni mrchozroutl jsme polozili 420 vnazenych
padacich pasti na 84 lokalitach a takto jsme ziskali 71 234 kus( 15 druh( téchto broukd.
Mezi nimi byly i tfi druhy hrobafikd, ktefi jsou na Cerveném seznamu bezobratlych. Dva
znich jsou zranitelné, teplomilné druhy oteviené krajiny Nicrophorus antennatus
(Reitter, 1884) (nalezen okolo Loun a Zidlochovic) a Nicrophorus germanicus (Linnaeus,

1758) (Louny, Zabteh a Zidlochovice). Treti je téméF ohroZeny druh Nicrophorus



sepultor Charpentier, 1825 (nalezen okolo Loun, Kutné Hory, Zabfeha a Zidlochovic),

ktery taktéz preferuje otevienou krajinu.

Studium vyvoje béiného holarktického druhu Sciodrepoides watsoni probihalo v
laboratofi za nékolika konstantnich teplot (15, 18, 21, 25 a 28°C). Na zakladé
pozorovani délky vyvoje jsme vypocitaly parametry termdlné sumacniho modelu s
jejich standardni chybou pro kazdé stadium vyvoje (vajicko, tfi larvalni instary a kukla).
Zaroven jsme zjistili, Ze Sitka hlavové kapsule je u tohoto druhu dobrym nastrojem pro
uréeni stupné larvalniho instaru. Popisna statistika tohoto znaku a nova metodika jak

studovat velikostné definované znaky je pfilozena k praci.

Klicova slova: Coloptera, Silphidae, Cholevinae, geografické rozsifeni, vyvojova

biologie, determinace larvalniho instaru, forenzni entomologie, ochrana pfirody

Vi
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General introduction

1. General introduction

How beetles cope with the environment and competition provoked scientists for
generations. Ultimately, studies on ecological and evolutional strategies become a very
broad topic with various impacts on our lives and it is important to see that general
understanding of direct and indirect interactions in nature is highly important for

applied and theoretical fields of science (Begon et al., 2006; Galante & Angeles, 2008).

Beetles are very diverse order with about 300,000 — 400,000 described species (Stork,
2009), so in this thesis | narrowed my focus down only to some selected species of
necrophagous beetles of Central Europe. | would like to provide a new insight at how
the ecological and evolutional strategies could be used for answering pressing issues in

forensic entomology and nature protection.

My selected species came from two particular groups of beetles, family Silphidae
(carrion beetles) and subfamily Cholevinae of the family Leiodidae (small carrion
beetles). More specifically, | targeted necrophagous, Central European species of family
Silphidae and one particular species of subfamily Cholevinae (Leiodidae), Sciodrepoides
watsoni (Spence, 1813). All those taxa are connected by the fact that they develop and
feed on carrions, which is also very interesting ecological and evolutional strategy itself

(Szymczakowski, 1961; Sustek, 1981).

Only one species in the group | selected, Necrodes littoralis (Linnaeus, 1758), was
earlier recognized as potential bio-indicator species for forensic entomology
(Matuszewski, 2011; Fratczak & Matuszewski, 2014). This disinterest of forensic
entomology in beetles is global phenomenon (Midgley et al., 2010). Beetles were for a
long time perceived as not as good as flies (Diptera), because they usually arrived latter

at the scene, but this image is crumbling.

The first crack in this picture was made when it was proven that African carrion beetle,
Thanatophilus micans (Fabricius, 1794), is able to locate and start to breed on corpse in

the first 24 hours (Midgley & Villet, 2009a). However, beetles in the Middle Europe are
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not that fast, probably due to lower ambient temperatures (H. Suldkova 2014, pers.

comm.), although there are other benefits for forensic entomology they could offer.

First of all, beetles tend to have longer development than flies (Midgley & Villet, 20093;
Richards et al., 2009; Velasquez & Viloria, 2009; Ridgeway et al., 2014); therefore they
stay on the body for longer period, and we can use them as evidence not only in early
stages of decomposition. Second of all, they also do not need to form a maggot ball and
individual rearing is less difficult (Midgley et al., 2010), so they are easier to handle in
laboratory conditions. But we think that the biggest advantage is possibility to cross
validate the estimates between species and groups like flies and mites. This is
important mainly in times when one of these groups or species could have been
affected by external factors (restricted access to body, too high or low temperature,

etc.) and give biased estimation (H. Suldkovd, 2014 pers. comm).

Only few beetle species were studied specifically for further use in forensic
entomology, so in this thesis | would like to look closely on developmental biology of
Sciodrepoides watsoni and find the thermal summation model for this species, which
will enable to estimate the post mortem interval. Further, | would like to find a new
character for instar determination and propose a new methodology for estimaton of

size-based larval characters (section B).

Some species of burying beetles that we studied could not only be useful bio-
indicators. They are also listed in the Red List of endangered species (R0Zicka, 2005),
but their protection is lacking behind of other groups and nothing happened except the

statement that they are indeed endangered.

In comparison, American burying beetle (Nicrophorus americanus (Oliver, 1790))
(Silphidae) was recognized as federally endangered in the USA in 1989. In 1991, just
two years after, the recovery plan was prepared and this plan is still running (Jurzenski
et al., 2014). What is maybe even more important than the recovery plan is a fact, that
this unfortunate fait put this beetle in a spot light of a scientific world. On the Web of

Science you can find 38 articles for a topic query: "Nicrophorus americanus", but

4
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nothing on "Nicrophorus antennatus" or "Nicrophorus vestigator" (accessed

27.8.2015).

Because we are currently few decades behind on this task, it is necessary to address
very basic questions, which will allow us to proceed further. One of those, which | will
cover in this thesis, is current geographical distribution of necrophagous carrion beetles
(section C) and what are the ecological requirements of the European carrion beetles

(section A).



Literature review

2. Literature review

2.1 Necrophagy

In every natural or semi-natural habitat we can found three types of organism —
producers, consumers and decompositors. Function of the whole ecosystem is affected
by their direct and indirect interactions and it is balancing itself. Producers are
organisms that transform an inorganic compounds and energy to organic compounds;
consumers are heterotrophic organisms directly feeding on producers or other
organisms (Galante & Angeles, 2008), and they can be labeled as predators, parasites
or herbivores. These organisms are influencing the rate in which their resources are
created. Therefore they harm the production of their food source. Decompositors are
very different in that aspect and the production of their food is beyond their control

and they depend on misfortune of others (illness, age or injury) (Begon et al., 2006).

Decomposition process is one of the most important processes for ecosystem
functions. Decomposition can be defined as a process of transformation of dead
organic matter to molecules or basic elements. In general it is a process of releasing
energy contained in the matter and mineralization of nutrients from organic back to

inorganic (Galante & Angeles, 2008).

Decomposition can be divided into two inseparable parts, destruction and degradation
of organic matter. Destruction is the first phase of the process. It is done by mechanical
means and outcome are smaller particles of organic matter (Galante & Angeles, 2008).
It is often done by saprophagous species of insect, which are the ones | was dealing
with. Degradation is mostly done by bacteria and fungi (Begon et al., 2006), and

therefore, it will not be cover in here.

Saprophagy is general term for group of animals feeding on dead matter of plants and
animals (Begon et al., 2006). This term can be narrowed down to more specific types as
is necrophagy. Necrophagous species feeds on dead bodies of other animals. Main

6
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advantage of this strategy is that animal tissues are nutrient, especially with nitrogen,
and they have very low level of indigestible parts, compared to plant tissues. These
gualities make a perfect food source, but carrions are very rare on spatial and temporal

scale (Zimmer, 2008).

Necrophagous species of invertebrates are very common among Diptera and
Coleoptera species (Zimmer, 2008). In Europe, we can find an obligate necrophage,
thus species feeding predominantly on carrions, in several beetle families: Silphidae,
Trogidae, Dermestidae, Nitidulidae, Leiodidae (Cholevinae more specifically) and
Staphylinidae (Szymczakowski, 1961; Kocarek, 2003; Archer et al., 2006;

Dekeirsschieter et al., 2013).

Species composition of necrophagous community on carrion is largely affected by its
stage of decomposition (Zanetti et al., 2015). These stages are a bit arbitrary and differ
between authors and studies. First time they were defined by Mégnin (1894) and then
re-described by many others (e.g., Fuller, 1934; Reed Jr., 1958; Payne, 1965; Abell et

al., 1982) so to avoid confusion | chose to follow the stages described by Goff (2009):

1. Fresh — phase between time of dead and the first signs of bloating. In this phase is
carrion usually discovered by flies from family Calliphoridae and Sarcophagidae and
they will lay eggs on it (these species prefer to lay their eggs around the openings

(natural or inflicted)) (Goff, 2009).

2. Bloated — carrion is starting to decay and gases are causing the bloating. Bacteria
and fly larvae activities are rising inner temperature, fluids are leaking from the body
and they change pH of surrounding soil to more alkaline. Calliphoridae are strongly

attracted to the body in this stage (Goff, 2009).

3. Decay — this stage begins by rupture of the bloated body due to accumulated gases.
Fly larvae are predominant group and they occur in big feeding groups that clean soft
tissues of the bones. Carrion attracts many necrophages and predators like beetles,

ants and wasps (Goff, 2009).
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4. Postdecay — only skin, cartilages and bones are remaining. Diptera are no longer
predominant. Diversity and predominant taxas are predetermined by humidity of the
habitat. In xerophytic and mesophytic habitats, Coleoptera starts to dominate, which is
associated with increased number of their predators and parasites. However, in wet
habitats like swamps or rain forests, Diptera and their predators and parasites,

predominate over Coleoptera (Goff, 2009).

In the Czech Republic this phase is often linked with presence of family Dermestidae,

Trogidae, Cleridae and some Staphylinidae (Kocarek, 2003).

5. Skeletal — this stage can be recognize when only fur and bones remains. This stage
does not have any clear ending, because even composition of the soil fauna, which was
changed during the second stage, remains noticeable after months and years. This

phase is not linked with occurrence of any specific taxa (Goff, 2009).

Carrion is rather ephemeral and unpredictable food source therefore species have to
be able to locate it quickly and at the right moment (Dekeirsschieter et al., 2011). This
is crucial especially in severe competition of other necrophagous species. To accurately
locate their food source, without wasting time on random search, burying beetles use
chemosensory organs on their antennae, which are sensitive to multiple volatile
organic compounds (VOC) emitted by decomposing carrion, like methanethiol, methyl
thiolacetate, dimethyl sulphid, dimethyl disulphide and dimethyl trisulphid (Kalinova et
al., 2009; Podskalska et al., 2009). There is even some evidence that insect can detect
chemical changes of VOC and thus their appearance in particular time is not

coincidence (Archer & Elgar, 2003b; von Hoermann et al., 2011).

Another prerequisite for success among completion is ability to fly, because it allows to
cover more ground while searching (lkeda et al., 2007, 2013). Chemical analysis of food
composition in guts of some carrion beetles shown that only true necrophages posses
functional wings while closely related wingless species, which were previously

considered as necrophagous, are in fact predators (lkeda et al., 2007).
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2.2 Thermal summation models

Body temperature of insect is dependent on the ambient temperature and they have
very limited options how to control it (muscle contractions, behavioral responses)
(Denlinger & Lee, 2010; Chapman, 2012). Also their development rate is dependent on
the temperature, and because of that even their seasonal pattern and phenology is
governed by temperature (Schwartz, 1998). The effect of temperature on
developmental rate can be model as curve where the rate increases with increasing
temperature until optimum is reached (rmax at Tupper) and then it decreases rapidly
(Lardeux et al., 2008; Voss et al., 2010a) (see Fig. 1). Around the extreme values, the

mortality increases and could prevent development altogether (Régniére et al., 2012).

Developmental rate characteristics were historically considered as species specific trait,
but this is not supported by current research. Geographically distant populations of the
same species differ as they probably adapt to their environment (Kipyatkov & Lopatina,
2002, 2010). Interestingly, those characteristics could differ even between
methodologies. When one group was reared in constant temperature and the other
one in fluctuating, the group in fluctuating will develop faster. This is called Kaufmann

effect (Ikemoto & Egami, 2013).

Tmax

Development rate r(T)

Toase Temperature T Tupper
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Fig. 1: Relationship between developmental rate and temperature (Lardeux et al.,

2008).

There are three approaches to modeling development of poikilotherms. The first is
based on assumption that development of immature stages is linear (Higley et al.,
1986). This model is very simple and easy to establish, because only few measurements
over optimal range of temperatures are needed (Kipyatkov & Lopatina, 2010). Its
mathematical formulation is following 1/D = — (t/k) + (1/k)T, where D is duration of
development, t is lower developmental threshold, k is sum of effective temperatures,
and T is ambient temperature and is called linear degree-day model or thermal
summation model (Briere et al., 1999; Richards & Villet, 2008). This model had some
flaws and especially it was disproportionate for upper and lower parts, which distorted
and exaggerated lower temperature range and also resulted in lower slope of

regression.

In reaction to the above mentioned issues, new formula of the first approach was
offered by lkemoto & Takai (2000): (DT) = k + tD. This formula corrected some
problems of the first one and also gives estimation of the variance directly in contrast
to the first method where it needed to be recalculated separately. This method is
widely accepted and was used in number of studies across different fields of research
(Brewer & Hoff, 2002; Chong & Oetting, 2006; Villet et al., 2006; Richards & Villet,
2008; Midgley & Villet, 2009a; Veladsquez & Viloria, 2009; Kay, 2010; Ridgeway et al.,
2014).

The second and third approach is nonlinear. They both try to model the entire range of
temperatures including the extremes, but the third also tries to incorporate biophysical
and biochemical constants to explain processes behind the development (Sharpe &
DeMichele, 1977; Jarosik et al., 2002). These models allow estimating the optimal

temperature and go beyond linear parts of development (Briere et al., 1999). Problem

10
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with many of them is that their parameters have no biological meaning and the fitting

process reflects not only true trend, but also biases of data (Jarosik et al., 2002).

2.3 Estimation of the post mortem interval (PMI)

Estimation of post mortem interval (PMI) is one of the most common uses of insect in
forensic entomology. There are several ways how the PMI can be estimated. The most
basic way is succession pattern. This method is based on knowledge of chronological
changes in species composition on carrion (Matuszewski et al., 2010, 2011). Other
method is isomegalen diagram. These diagrams are visualization of larval growth for
various constant temperatures (Reiter, 1984). These estimates are quick, but they can
be misleading when specimen is killed improperly or it experienced some issues during
the development (Amendt et al., 2007; Midgley & Villet, 2009b). Another method is
pre-appearance interval, which estimates the time of arrival at the corpse based on

ambient temperature (Matuszewski, 2011; Matuszewski & Szafatowicz, 2013).

Thermal summation models are considered as the most sophisticated available models
used for PMI estimation (Amendt et al., 2011). They are estimating PMI based on
calculation of time from colonization of cadaver by necrophagous species till the
moment of its discovery (Amendt et al., 2007). This estimate can be done only for
species with known relationship between rate of development and temperature as was
described above. Additional and very obvious condition is that it should be possible to

correctly identify the species and distinguish between larval instars.

Identification of adult specimens is often not a problem and there are many keys for
identification of adult specimens of necrophagous beetles (Szymczakowski, 1961;
Sustek, 1981), but determination of eggs and larvae is much more challenging
especially for beetles. Morphological descriptions of larvae are unknown for many
species and especially older descriptions suffer with many issues. Only one instar was
described (usually only the mature larva); description was inadequate; figures are not

accurate and features are simplified or imagined; determination of larvae was based on
11
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association with adults not by confirmed parent-offspring relationship (J. Rdzic¢ka, pers.
comm.). This problem can be solved by modern morphological description or re-
description of larvae as Kilian & Madra (2015) did in case of Sciodrepoides watsoni
(Spence, 1813), or applying molecular methods like DNA barcoding for species

identification (Schilthuizen et al., 2011).

Another challenge is correct larval instar determination and this problem is closely
connected to the previous one, but goes beyond that. Often species does not possess
any morphological features that could be used for instar determination (see Veldsquez
& Viloria, 2010; Fratczak & Matuszewski, 2014). In these papers authors tried to
estimate the stage of development based on the size of selected characters without
prior knowledge of the true stage of the specimen. This approach is from our point of
view a little bit problematic, because those measured characters are correlated,
therefore bigger larvae could be misidentified as higher instar than they really are. This
bias would probably not affect the obtained mean values, but it would give distorted

picture about variation.

Thermal summation models can bu further improved with some additional

infromations like pre-appearance intervals of species in question.

2.4 Beetles in forensic entomology

Because utility of beetles in forensic entomology was overlooked for a long time
(Midgley et al., 2010), there is not many species of beetles with known and statistically
robust thermal summation models. Recent studies were focused on carrion beetles
(Silphidae). Namely Thanatophilus micans (Fabricius, 1794) (Ridgeway et al., 2014), T.
mutilatus (Castelneau, 1840) (Ridgeway et al., 2014) and Oxelytrum discicolle (Brullé,
1840) (Velasquez & Viloria, 2009). But also other PMI related features were studied in
this group such as pre-appearance interval of N. littoralis and some other carrion

beetles (Matuszewski, 2011; Matuszewski & Szafatowicz, 2013).
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These carrion beetles colonize corpses in earlier stages of decomposition often along
with flies. Larder beetles (Dermestidae) on the other hand arrive very late in
decomposition (Goff, 2009). There are developmental data for several larder beetles
(see Amos, 1968; Coombs, 1978, 1979; Jacob & Fleming, 1980; Richardson & Goff,
2001), and some notes about their rearing and breeding (see Roche & Smith, 1974;
Woodcock et al., 2013), but the more statistically robust models are needed (Midgley
et al., 2010).

As far as my target group is concerned, Silphidae: Nicrophorinae (the burying beetles)
have very limited utilization in forensic entomology, because they do not breed on
larger carrions and they only act as predators of flies (Sikes, 2008). Silphidae: Silphinae
(the carrion beetles) and Leiodidae: Cholevinae (small carrion beetles) on the other
hand can be very useful, because they are breeding on larger carcasses and even on

human remains (Sikes, 2005; Schilthuizen et al., 2011; Ridgeway et al., 2014).

2.5 Silphidae

2.5.1 Taxonomy

Family Silphidae (Coleoptera: Staphylinoidea) currently contains 186 described species
in two monophyletic subfamilies, Nicrophorinae and Silphinae (Sikes, 2008;

Grebennikov & Newton, 2012).

Silphidae are closely related with family Staphylinidae (rove beetles), and there is an
ongoing scientific discussion if they should be placed as inner lineage within
Staphylinidae. Main difference between Silphidae and Staphylinidae adults is that in
Silphidae are 3 or 4 visible terga on abdomen instead of 2 as in Staphylinidae. Many
similarities were discovered between these two families, namely shortening of elytra
(Sustek, 1981), but molecular taxonomy did not show any sign that they should be
merged into Staphylinidae (Dobler & Miiller, 2000; Grebennikov & Newton, 2012; lkeda

et al., 2013). Howeever, see rather controversial results of McKenna et al. (2015).

13



Literature review

Subfamily Nicrophorinae is rather small, with 73 recognized species and according to
paleontological records, it originated 135 million years ago (Sikes & Venables, 2013). It
currently contains four taxa of generic rank, Eonecrophorus Kurosawa, 1985,
Ptomascopus Kraatz, 1876, and genus Nicrophorus Fabricius, 1775, with two subgenera
Necroxenus Semenov-Tian-Shanskij, 1933 and Nicrophorus Fabricius, 1775 (Sikes, 2003;
Sikes & Venables, 2013). Recently, some unnamed transitional forms were discovered

in Jurrasic and Cretaceous formations from China and Myanmar (Cai et al., 2014).

Subfamily Silphinae is composed of 14 genera (Ablattaria Reitter, 1884, Aclypea Reitter,
1885, Dendroxena Motschulsky, 1858, Diamesus Hope, 1840, Heterosilpha Portevin,
1926, Heterotemna Wollaston, 1864, Necrodes Leach, 1815, Necrophila Kirby & Spence,
1828, Oiceoptoma Leach, 1815, Oxelytrum Gistel, 1848, Phosphuga Leach, 1817,
Ptomaphila Kirby & Spence, 1828, Silpha Linnaeus, 1758 and Thanatophilus Leach,
1815,) and originated some 165 million years ago (Sikes, 2005, 2008; Sikes & Venables,
2013; Qubaiova et al., 2015).

Many new species of carrion beetles were discovered and described recently,
especially from Eastern Palaearctic, Oriental and Neotropical Regions as result of
increased interest of entomologist in this group, thus number of species and probably
even genera can change in the near future (see Ryabuchin, 1990; Koz'minykh, 1995;
Hava et al., 1999; Cho & Kwon, 1999; Sikes & Peck, 2000; Rizicka et al., 2000; Sikes et
al., 2006; Khachikov, 2011; Ruzicka & Schneider, 2011; Oliva, 2012; Sikes & Mousseau,
2013; Amat-Garcia & Valcarcel, 2014).

2.5.2 Geographical distribution

Distribution of all organisms is outcome of their ecological and evolutional history. The
oldest records of carrion beetles were found in China, and they were at least 165
million years old (Cai et al., 2014), therefore the whole group probably occurred first on
Laurasia continent in Jurassic period (Sikes & Venables, 2013). The appearance of these
fossil specimens is very similar to present-day burying beetles (Nicrophorinae), and
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they possessed some highly specialized features of their modern cousins as three-
segmented antennal club covered with sensilla (Sikes, 2008; McHugh & Liebherr, 2009;
Cai et al., 2014).

Current distribution of Nicrophorinae is almost exclusively limited to Holarctic region,
but some species inhabit mountain regions of Indo-Malaysia islands and South America
(Sikes, 2008; Sikes & Mousseau, 2013). This pattern could be explained by competition
exclusion of Nicrophorinae in warmer regions by ants and other, more aggressive

carrion feeders (Sikes, 2008).

The current distribution of Silphinae compared to Nicrophorinae is covering much
broader area. They inhabit Afrotropical and Australian Regions that Nicrophorinae
never reached (Peck, 2001; Sikes, 2008). This geographical disparity could be linked
with higher taxonomic diversity and longer evolution history of the Silphinae. Other
advantage of Silphinae is that they use bigger carcasses for breeding, where the size of
carcass allows coexistence of multiple necrophagous species. Almost all Nicrophorinae
use small carcasses, but they have to usurp the whole body to themselves for
successful breeding, which is much harder to accomplish in competition of flies, ants

and other large necrophagous beetles (Sikes, 2008).

From the Czech Republic, 24 species of Silphidae were reported. Nine belongs to
subfamily Nicrophorinae and the rest to Silphinae (RGZicka, 1993; Hava & Ruzicka,
1997). Also, nine of these species are on the Czech Red List of endangered species of
invertebrates. One species is regionally extinct (Thanatophilus dispar (Herbst, 1793)),
one species is endangered (Aclypea souverbii (Fairmaire, 1848)), five species are
vulnerable (Ablattaria laevigata (Fabricius, 1775), Aclypea undata (O.F. Miller, 1776),
Nicrophorus antennatus (Reitter, 1884), Nicrophorus germanicus (Linnaeus, 1758) and
Nicrophorus vestigator Herschel, 1807) and two species are near threatened
(Nicrophorus sepultor Charpentier, 1825 and Silpha tyrolensis Laicharting, 1781)
(RGzicka, 2005).
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2.5.3 Ecology

Differences between Silphinae and Nicrophorinae are not just in their appearance, but
also in their ecology and behavior. Especially striking feature is bi-parental care of
Nicrophorinae. This phenomenon attracted a lot of attention of scientific community
and is well documented (see Pukowski, 1933; §picarové, 1982; Miiller et al., 1990;
Eggert & Miller, 1992, 2011; Trumbo & Fiore, 1994; Trumbo & Fernandez, 1995;
Steiger et al., 2012; Engel et al., 2014). Adults usually search for fresh carrion in
particular part of day, which is often species specific (Kocarek, 2002). If the male finds a
carrion without any female on it, they can attracts the female with pheromones
(Eggert, 1992). The mating pairs are formed on the carrion and encounter of multiple
individuals of the same sex leads to fights. These fights tends to have some rules, and
males and females are fighting only individuals of the same sex as they are. The
dominant couple will chase away weaker beetles and usurp and bury the carrion. This is
sometimes accompanied by nest parasitism when loser females lay their own eggs
around the carcass in hope that their larvae might sneak into the winner's nest and

develop alongside of their brood (Sikes, 2008).

Majority of Silphidae has functional wings. Ability to fly seems to be crucial for
necrophagous beetles, because as | already mentioned, carrions is very ephemeral food
source and they have to locate it as soon as possible. This is reflecting reactive nature
of necrophagy compared to proactive approach of predators in obtaining the food and
according to some authors it can cause a loss of the flight ability of the former group as

evolutionary unnecessary trait (see lkeda et al., 2007, 2013).

Flight ability differs between species. Especially larger species appears to be able to
flight over longer distances than the small ones. This was confirmed for Nicrophorus
germanicus, which is the largest species of Silphidae in the Czech Republic. In
experiment this species was recorded to fly over the distance of more than four
kilometers during 24 hours (Petruska, 1964). Even more robust burying beetle

(Nicrophorus americanus (Olivier, 1790)) was recorded as far as 7.41 kilometers from
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the place of origin after one night, but this record was an outlier and 90% of observed
beetles did not move further than 1.6 kilometers over the same period of time
(Jurzenski et al., 2011). Smaller necrophagous species are less mobile. Distance
recorded for Thanatophilus sinuatus Fabricius, 1775 and T. rugosus Linnaeus, 1758 as
they dispersion over period of 24 hours was 395 and 375 m, respectively (Petruska,

1964).

It was found that flight height is probably also positively correlated with body size, and

bigger species fly higher than smaller ones (Ohkawara et al., 1998).

Distribution of necrophagous species of carrion beetles over landscape is not
homogenous, but as it seems, some species prefer different types of habitat, which was
reported by number of studies (Novak, 1961, 1962; Razicka, 1994; Kocarek, 2003;
Looney et al., 2004, 2009).

Many European species seemed to be more abundant in open landscape (e.g.,
Thanatophilus sinuatus, T. rugosus, Nicrophorus germanicus, N. vespillo (Linnaeus,
1758), N. antennatus, N. sepultor and N. vestigator (Novak, 1962; R0Zi¢ka, 1994;
Kocarek, 2003)). On the other side, several species (e.g., Oiceoptoma thoracicum
(Linnaeus, 1758), Nicrophorus vespilloides Herbst, 1784 and N. humator (Gleditsch,
1767)) visit open landscape only occasionally and they prefer forested biotopes
(Razicka, 1994). Similar pattern was observed between different soil types and some
species were observed more often on one particular soil type (Pukowski, 1933; Paulian,
1946; Theodorides & Heerdt, 1952; Novak, 1961, 1962) All these beetles are
necrophagous and they are not especially picky about the food source so researchers
are very interested in revealing the reason, why they prefer to occupy particular type of
habitat or soil, because it could be useful for their protection and it would improve our

general understanding of interactions in the nature.

What is the cause of this pattern is still not fully understood, but it was shown for some
North American burying beetles, that deeper and loess soils are hosting more abundant

communities of these species, but some of them prefer the exact opposite, shallow and
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rocky soils (Muths, 1991; Bishop et al., 2002; Looney et al., 2009). The exactly same
pattern was observed for some European burying beetles. For example, N. antennatus
was observed more often on loessal soils, but N. vestigator seems to prefer dry and
sandy soils (Novak, 1965). Looney et al. (2009) offered three possible explanations for
this phenomenon. Beetles are either simply more abundant in areas with a particular

soil type, or they preferentially colonize, or they are more competitive in such areas.

2.5.4 Temporal distribution

Temporal distribution of burying beetles of genus Nicrophorus is governed by the state
in which they overwinter. Several species overwinter as larvae (Nicrophorus sepultor,
N. investigator and N. interruptus) and most of them as adults (N. antennatus, N.
vespillo, N. vespilloides, N. germanicus, N. humator and N. vestigator) (Novak, 1962;
Sustek, 1981; RGzicka, 1994). It is obvious that overwintering as adult give them
opportunity to emerge early in the spring and species overwintering as larvae are
emerging during late in spring or in summer, depending on the latitude and altitude

(RGzZicka, 1994).

In general, there is difference in number of generations per year between bigger and
smaller species. Nicrophorus germanicus (body length around 4 cm) has usually one
generation per year in the Czech Republic. In comparison, N. vespillo (body length
around 3 cm), which is sharing the same habitat with the previous, has two generations
per year (Novak, 1961). Even smaller silphids like T. sinuatus and T. rugosus (body size

about 0.5 cm) are able to have even three generations per year (Novak, 1966).

2.5.5 Circadian activity

Activity of probably all animals is changing on temporal scale. The mechanism behind
these rhythms can be triggered by some external (reaction to change of environment)

or internal impulse (controlled by circadian or another oscillation) (Sanders et al.,
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2002). It was found that predominant type of activity (nocturnal, diurnal) differs
between ecological groups. Diurnal activity is common for predators and herbivores,
probably because they are using sight for food searching, but saprophagous and
necrophagous beetles use chemo-receptors to do so therefore they prefer low light

conditions (crepuscular and nocturnal activity) (Lewis & Taylor, 1965).

Spicarovad (1974) shown in the laboratory conditions that young adults of N.
germanicus are leaving soil predominantly right after sundown. This was in contrast to
her laboratory observations of N. vespillo (Spicarova, 1972), which left the soil
predominantly right after noon. Field observations did not support asserted theory of
diurnal activity of N. vespillo (Kocarek, 2001), but they found that T. sinuatus, T.
rugosus and O. thoracicum are almost exclusively diurnal. Repeated experiment

confirmed that these species have diurnal activity in Central Europe (Kocarek, 2002).

2.5.6 Intraspecific and interspecific competition

Carrion is very good source of nutrients and the competition associated with such a
source is very harsh. Nicrophorinae and Silphinae differ in their competitive strategies.
Nicrophorinae prefer smaller corpses (<100 g) and Silphinae prefer larger carrions

(>300 g), which limits competition between these two groups (Sikes, 2008).

Nicrophorinae avoid an interspecific competition by burying carrion underground,
which limits ability of other species to locate it. Springett (1968) and others (Anderson,
1982a; Ratcliffe, 1996; Sikes, 2008) offer a theory that Silphidae and especially
Nicrophorinae have symbiotic relationships with mites from genus Poecilochirus G.
Canestrini & R. Canestrini, 1882 (Mesostigmata: Parasitidae), which are often
hitchhiking on carrion beetles, and they are feeding on fly eggs. Therefore they

eliminate them from competition before they have a chance to escape or hide.

Beetles from subfamily Silphinae have to fight their competition directly, because they

cannot hide food from other competitors, but because they use much bigger carrions
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for breeding, they have enough time and resources to finish their development (Sikes,

2005).

Competition between species of subfamily Nicrophorinae is also very intense and each
breeding pair has to occupy their own, small corpse. In these fights are bigger species
of Nicrophorinae in clear advantage (Safryn & Scott, 2000). Such a situation would have
to result in competitive exclusion and ultimately extinction of smaller species, but we
are not witnessing such situation. Most probable reason for such a peaceful
coexistence of several species is their temporal and spatial separation, because fights
would result in wasting resources of everybody involved (Anderson, 1982a).
Intraspecific competition, as | already described, is very physical and larger individuals
tend to win over small ones, but several cases of communal breeding were reported

(see Trumbo & Fiore, 1994; Trumbo, 1995; Scott et al., 2007).

2.6 Leiodidae: Cholevinae

2.6.1 Taxonomy and geographical distribution

Subfamily Cholevinae is monophyletic and currently placed inside of family Leiodidae
and it is one of its largest groups with approximately 1 605 species (Newton, 1998,
2005; Perreau, 2004) The place of origin of the entire group was probably on south part
of Gondwana continent (today's Antarctica) in Triassic period (250 — 200 MYA) and
Choleviane spread from there to all continents, but they went extinct on the Antarctica

itself (Giachino et al., 1998).

Biodiversity hot spot for Cholevinae is Mediterranean thanks to cave dwelling tribe

Leptodirini, with high rate of endemism (Newton, 1998; Zoia, 1998).

In the Czech Republic, 48 species in 11 genera were recorded so far (Nemadus C.G.
Thomson, 1867, Eocatops Peyerimhoff, 1924, Anemadus Reitter, 1884, Nargus C.G.
Thomson, 1867, Choleva Latreille, 1796, Attaephilus Motschulsky, 1869, Dreposcia
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Jeannel, 1922, Sciodrepoides Hatch, 1933, Catops Paykull, 1798 and Cholevinus Reitter,
1901) (Razicka & Vavra, 1993; Vavra & RlZicka, 1993; Perreau, 2004).

Majority of these species are saprophagous generalist, which feeds on decaying
biological material, or they could be sporophagous or mycophagous (Jeannel, 1936;
Peck, 1990, 1998; Ruzicka & Vavra, 1993; Betz et al., 2003). Some species were often
observed on carrions (Szymczakowski, 1961), and it was proposed that they could be
used as bio-indicators in forensic entomology (Archer & Elgar, 2003a; Schilthuizen et

al., 2011).

The most promising species in this regard are the ones with autumn and winter activity
like Catops nigricans (Spence, 1813), Catops tristis (Panzer, 1793), Nargus wilkini
(Spence, 1813) Choleva agilis (Illiger 1798) and Choleva elongata (Paykull, 1798) (Topp,
1994, 2003). These species can occur on carrions in temperatures, which are too low

for many species of flies (Diptera), which are usualy used in forensic entomology.

Other promising species are the ones with very wide geographical distribution like
Sciodrepoides watsoni (Spence, 1913), which occurs across the Holarctic region (Peck &

Cook, 2002).

2.6.2 Ecology

Cholevinae of the Central Europe prefer to be in climatically stabile environment like
leaf litter, ant colonies, caves or burrows and dens of small mammals (Szymczakowski,
1961). It is very interesting that some species are developing during the cold season
(sometimes they are called cold season species), which is usually avoided by other
species (Topp, 1994). These species try to avoid temperature higher than 20°C and they
aestivate during summer heats (Topp, 1990). Optimal temperature for their breeding is
from 5 to 10°C (Topp, 2003). Some of these species were listed by Topp (1994), but this

list is far from complete.
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Some cold season species were probably uncovered by RGzZicka (1994) when he studied
seasonal dynamics of Cholevinae around Velky Blanik in the Czech Republic. He
discovered four groups. First group had a one activity peak in spring (Catops subfuscus
subfuscus Kellner, 1846, Sciodrepoides fumatus (Spence, 1815) and S. alpestris Jeannel,
1934). Second group peaked during the summer (S. watsoni (Spence, 1813) and C.
coracinus Kellner, 1846). Third group peaked in autumn (C. grandicollis Erichson, 1837,
C. kirbyi (Spence, 1815) and C. morio (Fabricius, 1792)). Fourth group had bimodal
activity and peaked in spring and autumn (C. picipes (Fabricius, 1792), C. tristis (Panzer,

1794), C. fuliginosus Erichson, 1837 and Ptomaphagus sericatus (Chaudoir, 1845)).

It is very likely that autumn group is the one, which contains also the cold season
species. This theory could be proved by simple lab breeding experiment or by field
observations. The reason for existence of these separate groups is unknown, and Peck
& Anderson (1985b) hypothesized that competition is probably not the answer, unlike
for Silphidae.

As | already mentioned, Cholevinae are often associated with ant colonies or burrows
of mammals. Species living with ants seems to be specialized on specific host, but this
was not observed for species living with mammals (Szymczakowski, 1961; Peck & Cook,

2007).

Some species lives in caves and especially Mediterranean is filled with species truly
adapted for the life in dark (Peck, 1998), but species of small carrion beetles occurring
in the Czech Republic do not posses any features of true troglobionts, like prolonged
legs and antennae, loss of sight or other developmental adaptation (Szymczakowski,

1961).

In the Czech Republic, we can found species almost exclusively associated with open
landscape (Catops fuliginosus, C. grandicollis, C. morio and Ptomaphagus sericatus) or
forest species (C. subfuscus subfuscus, C. tristis, C. coracinus, C. picipes, S. fumatus and
S. alpestris). Some species are not specialized and they occur almost regardless the

habitat as C. kibyi or Sciodrepoides watsoni (RGzicka, 1994).
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3. Aim of the Thesis

Aim of the thesis is to study the ecological and evolutional strategies of necrophagous
beetles from family Silphidae and subfamily Cholevinae. Thesis is dealing with their
habitat preferences, geographical distribution and effect of temperature on the rate of
their development. Possible applications in forensic entomology and nature protection

are discussed in each article and the chapter General conclusions.

Specific goals:

a) Is the type of soil an important factor determining the local abundance of

carrion beetles (Coleoptera: Silphidae)?

The main goal of this article is to determine the habitat preferences of European open-
landscape carrion beetles, especially those on the local Red list (Nicrophorus
antennatus, N. germanicus and N. sepultor), and to discuss the effect of intra- and

interspecific competition on their abundances.

b) Thermal summation model and instar determination of all
developmental stages of necrophagous beetle, Sciodrepoides watsoni

(Spence) (Coleoptera: Leiodidae: Cholevinae)

To allow future utilization of S. watsoni in forensic entomology, the article will offer the
parameter estimates of the thermal summation model. Also, a new size-based
character for accurate larval instar determination will be provided together with new

methodology of establishing such characters.
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c) Distribution of open landscape carrion beetles (Coleoptera: Silphidae) in

selected lowlands of the Czech Republic

This article will publish large dataset with key information about spatial and temporal
distribution and abundance of open-landscape carrion beetles in the Czech Republic.

Information about population trends and ecology of those beetles will be also included.
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Abstract. Carrion beetles (Coleoptera: Silphidae) provide a valuable ecosystem service
by promoting nutrient cycling and controlling pests like noxious flies (Diptera:
Calliphoridae and Sarcophagidae). Our main goal was to examine the relationship
between the occurrence of carrion beetles and soil type. We used pitfall traps to collect
43,856 specimens of 15 species of carrion beetles in the Czech Republic during 2009.
We found that the abundance of seven of the carrion beetles — Nicrophorus antennatus
(Reitter), N. germanicus (Linnaeus), N. humator (Gleditsch), N. interruptus (Stephens),
N. sepultor (Charpentier), Silpha obscura obscura (Herbst) and T. sinuatus (Fabricius) —
was significantly higher either in areas with chernozem or fluvisol soils. These findings
support our hypothesis that soil type could be an important factor determining the
occurrence of necrophagous European carrion beetles. Our findings could be helpful
when selecting important nature conservation sites (particularly inasmuch as N.
antennatus, N. germanicus and N. sepultor are listed as endangered species on the
Czech Red List of Invertebrates) as in this respect localities where there are chernozem

soils are potentially valuable.
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A.1 Introduction

The majority of carrion beetles (Coleoptera: Silphidae) are obligate carrion feeders.
They are frequently associated with the corpses of vertebrates and provide a wide
range of ecosystem services, such as promoting nutrient recycling and removing
potential breeding sites of noxious flies (Diptera: Calliphoridae and Sarcophagidae), by
effectively removing the corpses (burying beetles — Nicrophorinae) or eating fly larvae

(Nicrophorinae and some Silphinae) (Anderson & Peck, 1985; Sikes, 2008; Goff, 2009).

Despite their relatively low global species diversity (186 species), they occur widely
throughout the Holarctic region (Sikes, 2008; Grebennikov & Newton, 2012). Carrion
beetles can be divided into two taxonomic groups, the subfamilies Silphinae and
Nicrophorinae, which are morphologically and also ecologically different (Sikes, 2005).
Burying beetles of the subfamily Nicrophorinae are well known for their biparental
care, while beetles of the subfamily Silphinae do not manifest such behaviour (Peck &

Anderson, 19853a; Sikes & Venables, 2013).

The phenology and habitat selection of carrion beetles have been intensively studied in
recent years (e.g., Peck & Anderson, 1985b; Creighton et al., 1993; R{zicka, 1994;
Lingafelter, 1995; Lomolino & Creighton, 1996; Koc¢arek, 2001; Archer, 2003; Hocking et
al.,, 2007; Mullins et al., 2013). The relationship between soil characteristics and the
occurrence of carrion beetles is often mentioned in the literature, but this has been
based only on the authors’ observations and without appropriate statistical testing
(Pukowski, 1933; Paulian, 1946; Theodorides & Heerdt, 1952; Novak, 1961, 1962). The
logical reason behind this hypothesis is that the developmental cycle of many carrion
beetles is tightly connected with soil. For example Nicrophorinae bury the corpses of
small vertebrates for breeding and Silphinae pupate underground. It has been
proposed that a possible explanation for preferring a particular type of soil could be
that some soils are better able to maintain a stable environment in terms of moisture
and temperature, which is beneficial for the beetles (Novak, 1961, 1962). In a study of

Nearctic insects, Looney et al. (2009) report that deep, loess soils host more abundant
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populations of necrophagous beetles than do shallow rocky soils. They also found that
some species actually prefer shallow rocky soils to deep, loess soils. This niche
differentiation could be due to interspecific competition (Anderson, 1982a; Bishop et

al., 2002).

Detailed information about the biology of the different species can be used to identify
important conservation sites for endangered carrion beetles, as Jurzenski et al. (2014)

did for Nicrophorus americanus (Olivier).

Our field study is aimed at determining the habitat preferences of European open-
landscape carrion beetles. Interspecific competition is discussed only in respect to
other carrion beetles, because our trapping method was not designed for collecting
other necrophagous invertebrates. We expected that most species of the subgenus
Nicrophorus would be more abundant in areas where there are chernozem rather than
fluvisol soils. Beetles of the subfamily Silphinae do not interact with the soil as closely
as do Nicrophorinae, and we therefore had no reason to think that their abundance

would differ in areas with chernozem or fluvisol soils.

A.2 Material and Methods

A.2.1 Site selection

This study was done during 2009 in the Czech Republic in regions with a similar
medium warm (MT10) to very warm (T4) climate (Cenia, 2008) and similar occurrence
of two different types of soil (chernozem and fluvisol) in open-landscape habitats. In
order to select suitable locations, we uploaded data on climate, soil type and land use
from a Cenia (2008) database into the geographical information system software
ArcGIS 9.2 and looked for locations where these three conditions overlapped (ESRI,

2008). Accessibility was also taken into account.

We selected an equivalent number of locations on chernozem (33) and fluvisol (33)

soils, which were clustered in three regions (see Fig. 1). These locations were at least
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1.5 km apart, and we arranged them more or less while alternating linearly between
sites on fluvisol and chernozem soils as in Fig. 2. There is a detailed description of the

sites in Jakubec & RiZicka (2012).
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Fig. 1. Locations of the areas studied in the Czech Republic, which are indicated by
black dots on a faunistic grid map (Jakubec & RGzicka, 2012).
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Fig. 2. Distribution of the localities (black dots) based on soil type (CE = chernozem; FL =
fluvisol) in the South Moravian region (Cenia, 2015).

A.2.2 Trapping

0 veyv

For collecting beetles, we used baited pitfall traps designed by Razicka (2007), which
were made from 1,080 ml plastic buckets (opening of 103 mm and 117 mm deep).
These traps were part filled with a preservation solution of 200 ml water and 100 ml
ethylene glycol. Traps were covered with a net of 2 cm mesh and an aluminum roof as
protection against scavenging animals and flooding by rain. Frozen fish meat (cod) and
ripening cheese (Romadur) were used as bait, placed in a small container (& 5 cm and

1.5 cm deep) and hung above the preservation solution.

A line of five traps was established at each location. The distance between these traps
was at least 20 m. They were placed within one continuous agricultural field, and no
closer than 50 m from the edge of the field. In an attempt to minimize the effect of

extraneous confounding variables fields were selected as target habitats because soil
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properties in agricultural fields are more homogenous and the water regime more

stable than anywhere else.

These traps were set for two weeks during the main peaks in carrion beetle activity
(season): 17-31 May 2009 (spring), 5—19 July 2009 (summer) and 13-27 September
2009 (autumn), based on the data on activity in R0zZicka (1994). A complete sample
consists of the contents of each trap collected over a period of two weeks. The samples
were stored separately and included in the analysis only if the trap and bait was not

disturbed or damaged by animals, humans or weather conditions.

0 vev

Adult carrion beetles were identified to species level following Ruzicka & Schneider
(2004) and stored in 75% ethanol. Selected voucher specimens were dry mounted and

are deposited in the author's collection.

A.2.3 Data analysis

Detrended correspondence analysis (DCA) was performed on the species abundance
data for each locality to determine the length of the gradient and detect whether some

species are co-varying.

To test the effect of environmental factors on carrion beetles we decided to use partial
canonical correspondence analysis (CCA) with a randomized block design in which the
blocks were defined by covariates (season and region). We chose CCA over RDA
because DCA indicated that the length of the gradient is more than 3.7 SD units long
and, therefore, we had to use a unimodal type of analysis. Bonferroni correction was
applied to adjust for multiple comparisons of the following environmental factors: soil
type (chernozem and fluvisol), climatic region (warm — T2, very warm — T4 and mildly
warm — MT10), land cover = crop (Brassica napus, Beta vulgaris, Carthamus tinctorius,
Glycine max, Heliantus annus, Hordeum vulgare, Phacelia tanacetifolia, Triticum
aestivum and Zea mays) and their interactions. Influence of regions was filtered out by

using it as a covariate, because we were not interested in that effect.
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The diversity of carrion beetles at each location and geographically related region was
measured by calculating the Brillouin biodiversity index (H = 1/N - In(N!/n1!n2!...ns!))
from the total abundance data across all sampling periods (three times two weeks),
where N is the total number of individuals caught at a location and n1,n2....ns are the
numbers of individuals of all carrion beetles collected at the location (Pielou, 1975). We
used this index, because it does not assume randomness of sampling and equal
attractiveness of traps as does the commonly used Shannon index (see Magurran,
2004). The number of specimens at each location was averaged over the number of
samples, because they differed between locations due to unavoidable adverse events

(flooding by rain or destruction of traps).

We used the Wilcoxon rank-sum test with continuity correction to test our hypothesis
that abundance of carrion beetles differs in the areas with the two different types of
soil. This hypothesis was tested for the whole taxonomic family Silphidae and for each
individual species. We chose this nonparametric test because the data were not
normally distributed. We also tested the effect of soil type on the Brillouin biodiversity

index using Welch’s t-test for two samples.

The significance level was set at 5%. Data management and all analysis was carried out
using the Canoco 5 and R statistical programs (ter Braak & Smilauer, 2012; R Core

Team, 2014).

A.3 Results

In total, we obtained 444 samples of silphid communities from 39 different locations
(18 on chernozem and 21 on fluvisol soils), the rest was destroyed or did not contain
any carrion beetles. In these samples there were 43,856 specimens of 15 carrion beetle
species (see Table 1). Three of them are on the Czech Red List of Invertebrates.
Nicrophorus antennatus (Reitter) and N. germanicus (Linnaeus) are considered to be

Endangered and N. sepultor (Charpentier) Nearly Endangered (RGzZicka, 2005a).

The whole dataset was dominated by Thanatophilus sinuatus (Fabricius) (> 63% of the

total catch). This species was also dominant in spring (>73%) and summer (>58%) but
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not in autumn (12%) when it was the third most abundant after Nicrophorus vespillo

(Linnaeus) (> 55%) and Thanatophilus rugosus (Linnaeus) (> 15%).

DCA showed that species did not cluster according to their percentage abundance on
either chernozem or fluvisol soils (see Fig 3). This indicates that other environmental
factors could also be involved in determining their occurrence. We tested all the
environmental factors included in the CCA analysis, and manual forward selection
indicated the following were significant: soil type (chernozem (padj=0.038) and fluvisol
(padj=0.038)) and three crops (Zea mays (padj=0.038), Hordeum vulgare (padj=0.038)
and Heliantus annus (padj=0.038)) (see Fig 4). The remaining factors appeared to have
no significant effect on the composition of the carrion beetles recorded in this study
(climatic region (T4, T2 and MT10) and other crops (Brassica napus, Beta vulgaris,

Carthamus tinctorius, Glycine max, Phacelia tanacetifolia and Triticum aestivum)).

These finding led us to test the effect of soil on the biodiversity and abundance of
carrion beetles. The Brillouin biodiversity index ranged from 0.188 to 1.271 between
localities, but there was not a significant association (t=1.747, p=0.09) between this
index and soil type (mean values of the Brillouin index: chernozem = 0.835 and fluvisol

= 0.692).

The carrion beetles as a group were significantly more abundant in areas with a
chernozem soil, where the median abundance was 62 (SD = £157.38), than on fluvisol
soils, where the median abundance was 37 (SD = £110.867) (W=28677.5, p>0.001). At
the species level there were significantly higher numbers of specimens of the following
species in areas with chernozem soils: Nicrophorus antennatus (W=26118.5, p>0.001),
N. germanicus (W=25946.5, p=0.029), N. interruptus (Stephens) (W=26693, p=0.03), N.
sepultor (W=31962, p>0.001), Silpha obscura obscura (Linnaeus) (W=31132, p>0.001)
and T. sinuatus (W=28514.5, p=0.001). Only in the case of N. humator (Gleditsch)
(W=23152.5, p=0.005) were significantly more caught in areas with fluvisol soils. For
the rest of the species we did not find any significant association between their

abundance and the soil types studied, although we had to exclude some species from
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the statistical evaluation because they were underrepresented, namely: N. investigator
(zetterstedt) (n=7), N. vespilloides (Herbst) (n=6), Oiceoptoma thoracicum (Linnaeus)
(n=8) and Phosphuga atrata atrata (Linnaeus) (n=1). For an overview of the results, see

Fig 5 and Table 1.
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Fig 3. Unconstrained DCA of all species (NicAnt = N. antennatus; NicGer = N.
germanicus; NicHum = N. humator; Niclnt = N. interruptus; Niclnv = N. investigator;
NicSep = N. sepultor; NicVeo = N. vespillo; NicVes = N. vespilloides; OicTho = O.
thoracicum; SilCar = S. carinata; SilObs = S. obscura obscura; SilTri = S. tristis; ThaRug =
T. rugosus; ThaSin = T. sinuatus) with their percentage abundance in areas with
different types of soil (chernozem — black, fluvisol — white) illustrated by pie charts.
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Fig 4. Partial CCA ordination diagram with carrion beetles and statistically significant
environmental variables (CE — chernozem, FL — fluvisol, zm — Zea mays, hv — Hordeum

vulgare, ha — Heliantus annus).
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Fig 5. Box plots of all the carrion beetles recorded in the areas with the two types of

soil. The thick horizontal lines within the boxes indicate median values. The upper and

lower boxes indicate the 75th and 25th percentiles, respectively. Whiskers indicate the

values within the 1.5 interquartile ranges. Small circles are outliers.
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A.4 Disscusion

During the field work we captured and identified 15 species of carrion beetles. Three of
which are currently considered as rare and are on the Czech Red List of Invertebrates as
Endangered (N. antennatus and N. germanicus) or Nearly Endangered (N. sepultor)
(Razicka, 2005a). The last ecological studies on these species in Europe were done
almost 50 years ago when they were probably much more common (Novak, 1966;
Petruska, 1968). These species deserve much more attention, because they could play
a major role in nature conservation as bio-indicators or umbrella species (see Guarisco,
1997; Holloway & Schnell, 1997; Walker & Hoback, 2007; Creighton et al., 2009;
Crawford & Hoagland, 2010; Jurzenski et al., 2014).

The most frequent species was T. sinuatus, whose dominance was overshadowed by N.
vespillo and T. rugosus, but only in autumn. All these species seem to be very common
in open landscape habitats and our findings confirm the earlier observations of Novak

(1962, 1965, 1966) and Petrugka (1964).

T. sinuatus and T. rugosus are considered to be co-occurring species without spatially
or temporally differentiated niches (Novdk, 1966). The higher abundance of T. rugosus

in autumn samples could indicate a temporal niche differentiation.

Some of the carrion beetles caught are considered to be forest species (N. humator, N.
investigator, N. vespilloides and O. thoracicum) by several authors (e.g., RlZi¢ka, 1994;
Kocarek & Benko, 1997). However, the traps were not set in forested areas, our
observations are in line with their findings, because few of these species were caught in
this study (in total 32, 7, 6 and 6 specimens, respectively). The more frequent
occurrence of N. humator was probably due to the greater flight activity of this large

and common beetle.

CCA analysis revealed that the factors that are significantly associated with the species
composition are both soil types (chernozem and fluvisol) and three crops (Zea mays,

Hordeum vulgare and Heliantus annus). As depicted in Fig 4 the positions of these
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factors are roughly orthogonal, with the exception of H. vulgare and H. annus,

therefore they are probably unrelated.

The association between the abundance of the carrion beetles and these crops is very
interesting. We think that it could be due to the microclimatic conditions in fields with
these crops. Based on our experience, Z. mays provides a much more humid and cooler

environment than H. vulgare and H. annus. Further study is needed to reveal causality.

We were able to show that the abundance of seven of the carrion beetles (N.
antennatus, N. germanicus, N. humator, N. interruptus, N. sepultor, Silpha obscura
obscura and T. sinuatus) differed significantly in areas with chernozem and fluvisol
soils, and therefore soil type is an important factor in determining the occurrence of
these carrion beetles. Our findings are supported by the results of the CCA analysis and

Wilcoxon rank-sum tests.

This association is assumed by many authors, but only for beetles of the subgenus
Nicrophorus (e.g., Pukowski, 1933; Paulian, 1946; Theodorides & Heerdt, 1952; Novak,
1961, 1962). Heretofore, this phenomenon was empirically proven only for North
American species (Muths, 1991; Bishop et al., 2002; Looney et al., 2009), where the
association of beetles of the subfamily Silphinae with a particular soil was previously

reported by Bishop et al. (2002).

All these findings raise an important question as to what mechanisms drive this
phenomenon. Muths (1991) has shown that burying beetles are able to distinguish
among different types of soil and choose the best substrate for digging in the
laboratory. This experiment was conducted at a small scale (an area with a diameter of
1.5 m) and it is reasonable to think that this type of response occurs only during
microhabitat selection. Thus, it does not answer our question. Our goal was to
determine if the type of soil could be important in habitat selection. Looney et al.
(2009) offers three possible explanations. Beetles are either simply more abundant in

areas with a particular type of soil, or they preferentially colonize, or they are more

37



European Journal of Entomology

competitive in such areas. From our point of view the last option is the most likely for

the following reasons.

It is likely that one of the main factors influencing long range habitat selection by
carrion beetles is the presence of food (carrion) (Kalinova et al., 2009). The greater
abundance of these beetles in areas with particular types of soil (chernozem or fluvisol

in our case) could be caused indirectly.

However, burying beetles are good fliers and can cover long distances they mostly
choose to stay close to their original locations (e.g., Nicrophorus americanus, which is a
relatively large and robust beetle, is capable of flying as far as 7.41 km in a single night,
but more typically travels less than 1.6 km/night) (Jurzenski et al., 2011). Limited
mobility coupled with adaptation to local conditions could cause the observed spatial
structure rather than individual habitat choice (preferential colonization). This is also in

line with general local adaptation hypotheses (Alstad, 1998).

The same reasons might account for our finding in the case of T. sinuatus, because it
has functional wings (lkeda et al., 2008), but only a short flight range (Petruska, 1964).
Therefore, it has a very similar lifestyle to the burying beetles studied: N. antennatus,
N. germanicus, N. humator, N. interruptus, N. investigator, N. sepultor, N. vespillo and
N. vespilloides. This hypothesis is supported by the fact that all these species were
recorded in areas with both of the different types of soil and often in large numbers, so

they are not closely associated with a particular type of soil (see Table 1).

The biology of Silpha obscura obscura is not well known. There is little known about the
diet and flight ability of the species in the genus Silpha (Ikeda et al., 2007). There is also
a strong possibility that this species is not strictly necrophagous. Its preference for
areas with a chernozem soil is surprising in this case, but it could be due the spatial

structure of the population, which is driven by an adaptation to chernozem soil.

Loess loams are proposed as the preferred soils of many species of burying beetles (N.
antennatus, N. germanicus, N. interruptus, N. vespillo and N. sepultor), but according to
Novak (1962) N. vestigator prefers sandy soils. This species unfortunately was not
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recorded in our study despite the fact that we set traps close to locations where it was
often recorded by collectors in the past. It is possible that we missed the population
peaks of this rare species. Future studies on this species should focus on earlier months

in the year (April-May), when it could be more abundant (Novak, 1962; Sustek, 1981).

Our findings are limited to two types of soil (chernozem and fluvisol) and can be
extended only to similar types of soil (e.g., Phaeozem and haplic Luvisol). It is also
possible that the abundances of the species studied are different throughout their

distribution area, as pointed out by Scott (1998).

This study has revealed more about the distribution and ecology of European carrion
beetles, especially the preference of three endangered species (N. antennatus, N.
germanicus and N. sepultor) for areas with chernozem soils (see also Jakubec &
RdZi¢ka, 2012). Our finding that the preferences of some species of carrion beetles are
possibly determined by an adaptation to particular types of soil is crucial for the
effective conservation of these species, which is currently not a topical issue in the
Czech Republic and Europe generally. These beetles are charismatic and could become
a widely accepted flagship species for stakeholders and policymakers, as indicated by
the public interest in and the vast number of studies on the American burying beetle
(N. americanus) (e.g., Anderson, 1982b; Lomolino et al., 1995; Amaral et al., 1997;

Crawford & Hoagland, 2010).
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Abstract. Necrophagous beetles are underrepresented in forensic entomology studies
despite their undeniable utility for the field. In our article we would like to address this
problem and provide information regarding developmental biology and instar
determination of Sciodrepoides watsoni (Spence, 1813), which is very common species
occurring across the Holarctic region. We collected adult specimens from several
localities across the Czech Republic to establish a laboratory culture with constant
temperature regime and long day photoperiod. These adults were divided between five
treatments that differed only in temperature (15, 18, 21, 25 and 28°C). Emerging larvae
were separated and their individual development was photographically documented
every day until adulthood. Parameters of thermal summation models and their
standard errors were calculated for each developmental stage. We also propose head
width as a new character for larval instar determination together with a new

methodology for future studies of size based characters.
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B.1 Introduction

Forensic entomology is a rapidly developing new field of science (Midgley et al., 2010).
New methods and models for estimation of minimum post mortem interval (PMImin)
are developing at a very rapid pace (e.g., pre-appearance interval, gene expression
during larval development, quantile mixed effects models, generalized additive
modeling or generalized additive mixed modeling) (Matuszewski, 2011; Tarone &
Foran, 2011; Baqué et al., 2015a, 2015b), but even the well-established models lack
actual data for their further use and application. A good example is the commonly used
thermal summation model (Richards & Villet, 2008). This model, which is based on the
assumption that development of immature stages is linear, has been known for several
decades (Higley et al., 1986), but it is still not established for the majority of forensically
important species of invertebrates, which would be a great contribution to legal

investigations.

Currently these models are known for a number of fly species (Diptera) (Nabity et al.,
2006; Villet et al., 2006; Richards et al., 2009; Voss et al., 2010a, 2010b, 2014; Tarone et
al., 2011; Nassu et al., 2014; Zuha & Omar, 2014), but because the utility of beetles in
forensic entomology was overlooked for a long time (Midgley et al., 2010), there are
only a three species of beetles with well established thermal summation models

(Midgley & Villet, 2009a; Velasquez & Viloria, 2009; Ridgeway et al., 2014).

Although using beetles for PMImin estimation has several benefits compared to flies.
Beetles tend to have longer development therefore they can be found on and around
the carrion for a longer period of time (Villet, 2011). They also do not form a maggot
ball like flies and they can be reared individually so they are easier to handle in
laboratory conditions (Midgley et al., 2010). However, we think that the biggest
advantage is the possibility of cross validating PMImin estimates between species and
groups, such as flies and mites. This is important mainly in cases when one of these

groups or species could have been affected by external factors (restricted access to

46



Peer)

body, temperature too high or low, etc.) and give biased estimate (H. Suldkova 2014,

pers. comm.).

As mentioned above, statistically robust thermal summation models are only known for
three species of necrophagous beetles, all of them belonging to the family Silphidae.
These are Thanatophilus micans (Fabricius, 1794) (Ridgeway et al., 2014), T. mutilatus
(Castelnau, 1840) (Ridgeway et al., 2014) and Oxelytrum discicolle (Brullé, 1840)
(Velasquez & Viloria, 2009). T. micans occurs mainly in Africa and extends to Yemen on
the Arabian Peninsula (Schawaller, 1981; RGzicka & Schneider, 2004), T. mutilatus has a
geographical distribution restricted to South Africa region (Schawaller, 1981, 1987) and
O. discicolle inhabits Central and South America (Peck & Anderson, 1985a). This leaves
North America, Europe and most of Asia without a single beetle species with a known

thermal summation model.

Models alone are not sufficient to make a species available for use in legal
investigation. There are other criteria to be fulfilled. Any forensic entomologist has to
be able to identify those species in every stage of development and discriminate
between larval instars. Without reliable instar determination it is not possible to expect
reliable PMImin estimates. But this is sometimes complicated, because beetle larvae
often lack any morphological characters, which would allow such identification.
Therefore size based models were developed instead (Midgley & Villet, 2009b;
Velasquez & Viloria, 2010; Fratczak & Matuszewski, 2014), but larval instars of only two
European species can be identified in this way, namely Necrodes littoralis (Linnaeus,
1758) (Silphidae) and Creophilus maxillosus (Linnaeus, 1758) (Staphylinidae) (Fratczak &
Matuszewski, 2014).
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Fig. 1: Occurrence of S. watsoni in Europe based on our own observations and records

from the GBIF database (GBIF, 2015). Underlying map generated by package ggmap

(Kahle & Wickham, 2013).

Sciodrepoides watsoni (Spence, 1813) is one of the most widespread and abundant

species of necrophagous beetles in the Holarctic region (Peck & Cook, 2002; Perreau,

2004). Robust occurrence data are available especially for Europe (see Fig. 1). This
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saprophagous beetle belongs to subfamily Cholevinae (Leiodidae) and is rather
inconspicuous, because the whole body is brown and about 3 millimeters long
(Szymczakowski, 1961; Perreau, 2004) (see Fig. 2). Adults can be fairly easily
distinguished from the other European species of genus Sciodrepoides by the shape of
the antennal segments (Szymczakowski, 1961). The main peak of activity is during the
warmer parts of the year (late spring and summer) (RGZicka, 1994). All stages can be
found on decaying corpses of vertebrates in various types of habitats where they feed

and develop (RGzZicka, 1994; Peck & Cook, 2002; Topp, 2003).
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Fig. 2: Habitus of the S. watsoni male from dorsal view.

Egg, all larval instars and pupae of this beetle were properly described recently by
Kilian & Madra (2015) and also DNA barcode for possible validation is available
(Schilthuizen et al., 2011). Therefore identification of this species in every stage of

development is not an issue.
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Instar determination of S. watsoni larvae is also partially possible thanks to Kilian &
Madra (2015), but they found morphological differences only between the first and

second instar, which is not enough for future application for PMImin estimation.

We would like to improve the utility of S. watsoni for PMImin estimation by finding the
parameters of its thermal summation model and also offering a new method for
identifying larval stages based on combination of morphological features mentioned by

Kilian & Madra (2015) and the size based characters.

B.2 Material and Methods

A laboratory colony was started with adults of S. watsoni, which were collected in
spring of 2012 and/or 2013 from five localities in the Czech Republic (Prague — Suchdol
(15 May — 12 April 2012, 15 May — 12 April 2013), Béstvina (7 — 11 April 2012, 6 — 10
April 2013), Domatzlice (28 May — 12 April 2013) and Klatovy (14 — 28 May 2013)).

Beetles were collected using 10 baited pitfall traps, placed at each locality. The traps
composed of 1,080 ml plastic buckets (opening of 103 mm and 117 mm deep). These
buckets were embedded in substrate up to the rim to eliminate any obstructions which
could deter beetles from entering. As protection against rain we put metal roofs
(150x150 mm) over the traps. The roof was supported by four 100 mm nails, one in
each corner, and placed approximately two centimeters above the surface. The bait,
ripened cheese (Romadur) and fish meat (Scomber scombrus Linnaeus, 1758), was
placed directly inside the bucket on a shallow layer of moist soil. This created good
conditions for survival of the trapped beetles between servicing, which was usually

done once a week.

After transport to our laboratory we confirmed identification and sexed the beetles
under binocular microscope (Olympus SZX7). Most of the beetles were than randomly
assigned to form breeding groups of at least four individuals (2 males and 2 females).

Specimens from the same locality were kept together regardless of capture date to
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eliminate cross-breeding of different populations. These groups were formed to
produce new progeny, which we than observed throughout of their development

(breeding experiment).

These groups were kept in Petri dishes with the layer of soil and small piece (approx.
5x5 mm) of fish meat (Scomber scombrus) as a food source. The content of the dish
was lightly sprayed with tap water every day and food was provided ad libitum and

changed if we spotted any sign of fungal growth.

The dishes were randomly placed in one of six climatic chambers (custom made by
CIRIS s.r.0.). The chambers were set up at constant temperature (15, 18, 21, 25 or 28°C)
and 16 hours of light and 8 hours of dark photoperiod regime, maintained by
fluorescent light (Osram L 8W/640). We tried to have a similar number of breeding
groups from the same locality in each chamber. We accomplished that in case of
beetles from Praha and Béstvina, but it was not possible for beetles from Domatzlice
and Klatovy, because of a low number of adults obtained. Therefore we kept them

together in one treatment (18°C).

We also started an observation study of their natural behavior. The study was
conducted in a small plastic box (15x6x2 centimeters) with 12 adult individuals (7
females and 5 males) from Prague population. In this colony we did not separate larvae
from adults or each other, but we allowed them to interact freely and without our
intervention. The box itself was placed in 18°C treatment and its inhabitants were
attended in the same way as the specimens in the breeding experiment (regular water

spray and meat replaced if we saw a sign of fungal growth).

In the breeding experiment we slightly changed our method of handling eggs and first
instar between the years to improve accuracy of our observations. During the first year
of experiment (2012) we searched the dishes for eggs and then we transferred them
individually to separate dish. But due to the fact that eggs of S. watsoni are very small

and adults tended to hide them in the substrate, we struggled to find them right after
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laying. Due to that our estimation of egg and L1 development for the first year were

inconsistent and we did not use them for models.

To minimize this error we chose different approach for the second year (2013). We
instead transferred the whole breeding group to a new Petri dish every day. The old
dishes were marked and kept in the same climatic chamber as the parents. We checked
them every day for emergence of the first instar larvae that were further separated
into their own dishes. The time when the eggs were laid, was estimated as a half-time

between the transfers of the breeding group.

Every larva from the second year (2013) breeding experiment was photographed every
day, starting with their occurrence as the first instar larvae and we continued until
pupation. In this way we documented morphological changes during their
development. The whole process of finding the larva and taking a picture did not
usually take more than 1 minute in total. Key developmental stages of each larva with
the accurate date and time could be distinguished based on those photographs simply
by keeping track of the change in the width of their head capsule, because its size

expand after each molt.

It happened sometimes that we were unable to find some larva in the Petri dish. In that
case we treated the dish as full and put it back into its treatment and tried another day.
If the larvae changed instars before we found it, we counted both instars as NAs and

we tried to keep track of it all the time in the next stage.

We also used obtained photographs for the instar determination. Because, the dorsal
side of all the larvae was photographed daily, we had plenty of characters to choose
from. However, the thorax and abdomen of the S. watsoni larvae are not strongly
sclerotized (see Fig. 3), so we omitted these parts, and also the body length, as good
characters for instar determination. Measuring of some smaller parts such as
urogomphi or antennae was impractical, because our camera had low resolution and

those parts would be very challenging to measure accurately.
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Fig.3: Dorsal (A), lateral (B) and ventral (C) side of the third larval instar of S. watsoni.

Point, where the measurement of the head width was done, is shown (a).

The most stable and reliable feature for the instar determination of S. watsoni larvae
appears to be the head capsule. This part of the body is strongly sclerotized, therefore
it is not affected by water or food content, but it changes its size after each molt so it is
tightly linked with individual growth. Also the head does not change its size in different
fixation media or even after desiccated, thus the instar can be identified even for very

poorly handled and long dead specimens. Ultimately, we chose the head width over its
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length for a practical reason. Head width of living larvae do not change on the pictures

captured from above, but length varies a lot.

For estimating the mean and standard deviation of the head capsule width we used all
photographs where the head was clearly visible and was sharp enough to make a
precise measurement. All measurements were done with graphical program

EidosMicro calibrated by precise ruler.

Parameters of thermal summation model (lower developmental threshold (t) and sum
of effective temperatures (k)) were estimated for each developmental stage using the
major axis regression method ((DT) = k +tD) where D is duration of development, T is
environmental temperature (°C). This formula was developed by (lkemoto & Takai,
2000) and is commonly used for estimation of thermal summation parameters and
their standard errors in forensic entomology (e.g., Midgley & Villet, 2009a; Ridgeway et
al., 2014). lkemoto & Takai (2000) method is based on standard linearized formula
(1/D = — (t/k) + (1/k)T), but it weights out the data points in lower and upper part of

the temperature range to obtain more reliable estimates of the parameters.

Normality of all the data was confirmed by evaluation of the qqplots and histograms.
The significance level was set at 5%. Data management and all analysis were carried
out using R statistical program (R Core Team, 2015). Graphical outputs were handled by

ggplot2 and ggmap R packages (Wickham, 2009; Kahle & Wickham, 2013).

B.3 Results

In total, we were able to catch 81 adult specimens of S. watsoni and they produced 399
first instar larvae (Prague — 174, Béstvina - 178, Klatovy - 19, Domatzlice - 28) for the
breeding experiment. Because we obtained only twelve adults from Klatovy and six
from Domailice, it was impossible to split them between all our treatments. Therefore

we decided to keep them all at 18°C.
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In the breeding experiment we observed, directly or indirectly, and recorded duration
of the development of all S. watsoni stages, namely egg, three larval instars (L1, L2 and
L3) and pupae. These observations were made on 399 specimens in total starting with

the first instar larvae.

Higher temperatures (25 and 28°C) were probably limiting to breeding activity of our
beetles in the experiment. Ultimately we did not obtain any larvae from the 28°C
treatment. Mortality in the other treatments was also quite high especially for the third

instar and pupae (see Fig. 4) and only 23 individuals developed until adulthood.

The development times differed between stages (Fig. 5) and the mean development
time decreased with increasing temperature (Fig. 6), except for L2 and L3 instars in
25°C treatment. The sum of effective temperatures (k) and lower developmental
threshold (t) values were calculated for all developmental stages of S. watsoni with

their expected errors (see Table 1 and Fig. 7).

Table 1: Summary of development constants for S. watsoni for five developmental
stages. Sum of effective temperatures (k) and lower developmental threshold (t) shown
as means with the standard errors.

Temperature
Stage range R2 Df p value k t
egg 15-25 0.8134 220 2.20E-16 929.354 +49.111 11.400 £0.368
L1 15-25 09375 171 2.20E-16 233.683 £27.031 15.437 +£0.305
L2 15-25 0.8768 206 2.20E-16 243.945 £45.301 15.689 +0.410
L3 15-25 0.8199 27 1.49e-11 2602.996 +297.464 9.375 +0.846
Pupae 15-21 0.8563 10 1.61E-05 1207.431 +489.288 12.535 +1.624

Mortality of the specimens in the observation study could not be measured, but the
colony itself prospered very well and number of adults increased steadily, which is in
contrast with what we observed in the breeding experiment. The observed females
tended to hide their eggs in small holes or crevices in the substrate. Newly hatched

larvae could be found mostly around the food source. The third instar larvae after few

56



Peer)

days of feeding dug underground and created small chamber where they pupate. No

cannibalism or hostility of any kind between individuals was recorded.

For the instar determination measurements we made 2,104 photographs, but only
1,731 were good enough to allow precise measurements of the head width. Those
pictures covered all three larval instars (L1 = 591, L2 = 500 and L3 = 640 pictures). The
bias in number of pictures between different stages was caused by difference in the
duration of development of these instars (lower stages of development are shorter in
duration) and it was also much more challenging to take a usable picture of the first or

second instar larvae.

The mean width of the head appears to be a good character for the instar
determination (see Table 2 and Fig. 8). Standard deviations are well separated and
there is only a small overlap between 75" and 25" quintiles across all instars. We
recorded some extreme values on the both sides of the spectrum, but these were very

rare.

Table 2: The head widths (in millimeters) of all three larval instars of S. watsoni.

Instar max. min. mean stand. dev.
L1 0.392 0.270 0.329 0.017
L2 0.479 0.350 0.421 0.021
L3 0.582 0.451 0.522 0.021
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Fig. 4: Mortality rates between developmental stages of S. watsoni. The 28°C treatment
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Fig. 8: Box plot graph of lengths of all three instars (L1, L2 and L3) of the S. watsoni
larvae. 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, black dots are outliers.
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B.4 Discussion

We did not obtain any larvae from the 28°C treatment probably because adults did not
oviposit in this temperature or egg mortality was too high. The second claim is little bit
more likely from our point of view, because we did not find any eggs. But as we
mentioned in the methodology section, eggs of S. watsoni are tiny and we could simply
overlook them during our controls in the Petri dish's substrate even under the

binocular microscope.

Mortality of our specimens in the breeding experiment was very high over the all
treatments especially in the later stages (L3 and pupae). This was in a sharp contrast
with what we saw in the observation study. The whole colony in the observation study
prospered and even increased in the number of adult over time. Only difference
between these two was that we did not separate individuals and we also did not have

to handle the larvae for photo documentation.

We did not observe any hostility between specimens in the observation study or signs
of cannibalism between individuals as reported by Kilian & Madra (2015), but it is
possible that we missed it, because the estimated number of individuals in the box was

close to one hundred.

We think that photographing process was not so intrusive to be responsible for such
high mortality rates thus it is more likely that separation from other larvae and adults
was the reason for that. Peck (1975) mentioned that Ptomaphagus hirtus (Tellkampf,
1844) (Leiodidae: Cholevinae: Ptomaphagini) needed soil from its cave of origin to
successfully complete the development. Soil bacteria probably play some part in this
process, because specimens did not develop on autoclaved soil. It is possible that
adults feeding along with larvae could have provided such bacteria in our case. Another
explanation could be that feeding of multiple individuals is much more effective or

improves the quality of the food source.

We had to change our methodology of egg extraction for the second year due to the
fact that eggs could be easily overlooked in the substrate and beetles refused to lay
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their eggs in offered damp cotton wool balls or small pieces of paper. To prevent bias in
recorded time we introduced dish rotation methodology and adults stayed in the same
dish only one day and then were moved to another. Those used dishes were then
regularly searched for emerging larvae. The main issue with this approach (dish
rotation) is that we could not measure egg mortality, because we could not count the

original number of eggs.

The mean development time decreased with increasing temperature (Fig. 6), except for
L2 and L3 instars in the 25°C treatment. This might indicate that between 21°C and
25°C should be an optimal temperature for the development of these two stages.
Optimal temperatures for lower stages are probably even higher. This agrees with
findings of Engler (1981), who reported S. watsoni as warm season species in contrast
to some species of Choleva and Catops that prefers to breed during the winter season

and their optimal temperatures for development were below 16°C.

As you can see in Table 1, we had low number repeats for L3 and pupae. This was
caused by high mortality rates of both instars. Measuring development time for pupae
was even more challenging and we had difficulties measuring it precisely due to the
fact that they did not pupate close to the wall of Petri dish. Therefore we had to search
for them. This was sometimes unsuccessful and some specimens surprised us after
time when they appeared as adults, because they had been missing and presumed

dead.

Our methodology of measuring the size of the instars was based on continual
observation of individuals from egg until pupation. This approached differs from other
studies with similar goals (see Veldsquez & Viloria, 2010; Fratczak & Matuszewski,
2014), where authors tried to estimate the stage of development based on the size of
selected characters without prior knowledge of the true stage of the specimen. This
approach is from our point of view a little bit problematic, because those measured

characters are correlated, therefore bigger larvae could be misidentified as higher

64



Peer)

instar than they really are. This bias would probably not affect the obtained mean

values, but it would give a distorted picture of variation.

As can be seen on Fig. 8 and Table 3, all instars have some overlap in the head widths.
This is especially true for the first and second instar. It would not help to measure more
characters, because they are correlated, but we offer a different solution. A first instar
larva has only primary setae on its body, but after molting to the second instar a
secondary set of setae will emerge and they are also present unchanged on the third
instar larvae. Thus chaetotaxy can be used for the discrimination of the first and second
instar larvae. For additional differential diagnosis of those morphological characters,

see Kilian & Madra (2015).

We established developmental parameters for Sciodrepoides watsoni together with the
new and reliable character for instar determination. This species is so far the smallest
necrophagous beetle with a known thermal summation model. The developmental
characteristics provided in this study will help to estimate the PMImin in cases where it
was not possible before. The instar determination is the integral part of the PMImin
estimation, because without accurate determination of instar we could not reach the
right conclusion. We strongly encourage other authors to adopt our methodology for
establishing size based instar characteristics, because it provides an accurate picture of

its variability.
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C Distribution of open landscape carrion beetles
(Coleoptera: Silphidae) in selected lowlands of the Czech

Republic

Rozsifeni mrchoZroutovitych brouklu (Coleoptera: Silphidae) oteviené krajiny ve

vybranych niZinnych oblastech Ceské republiky
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Abstract. Beetles of the family Silphidae are an important but imperfectly understood
part of Palaearctic ecosystems. Our team studied the ecology of open-landscape
silphids around Louny, Kutna Hora, Zabfeh and Zidlochovice in 2008 and 2009. We used
420 baited pitfall traps and, at 84 localities, we collected 71 234 specimens of 15 silphid
species. Distribution data for all species are provided here. We found three endangered
carrion beetle species listed on the Czech Red List of Invertebrates. Two are vulnerable
thermophilic species of open landscapes, Nicrophorus antennatus (Reitter, 1884)
(collected around Louny and Zidlochovice) and Nicrophorus germanicus (Linnaeus,
1758) (Louny, Zabfeh and Zidlochovice). The third is the near threatened species,
Nicrophorus sepultor Charpentier, 1825 (collected around Louny, Kutnd Hora, Zabieh

and Zidlochovice), which also prefers open landscapes.
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C.1 Uvod

Celed Silphidae je druhové pomérné mald, celosvétové obsahuje 186 dosud popsanych
druhd ve dvou podceledich, Nicrophorinae a Silphinae, pficemzZ nejvétsi diverzita této
skupiny je soustfedéna v holarktické oblasti (Sikes, 2008; Grebennikov & Newton,

2012). V Ceské republice se prokazatelné vyskytuje 23 druh( (RéZicka, 2005b).

Z ekologického hlediska je celed Silphidae zajimava tim, Ze vétsina druhl je
nekrofagnich, ale potravni naroky jejich zastupcl mohou byt pomérné rliznorodé — od
Cisté karnivornich druh, pres saprofagy az po fytofagy (Sikes, 2005). Stejné rliznorodé
jsou i jejich biotopové preference, kdy ¢ast druhl preferuje oteviené biotopy a jini jsou

zase Castéji nachazeni v lesich (Anderson, 1982; RGzicka, 1994).

Rozdifeni Celedi Silphidae v rdmci CR nebylo nikdy zpracovéno jako celek, jedinou
ucelengj$i faunistickou praci jsou udaje Vysokého (2007) pro Ustecky kraj. ProtoZe
zejména nekrofagni zastupci se daji dobfe sbirat pomoci zemnich pasti s navnadou,
jednotlivé dalsi zdznamy z dalSich oblasti CR jsou roztfistény v lokélnich faunistickych a
ekologickych pracich, c¢asto obecné vénovanych inventarizaci broukd (z téch
soucasnéjsich napr. Kocarek (1997), Kocarek & Benko (1997), Kocarek & Rohacova
(1997), Razicka (1999, 2000, 2007), Bocakova (2003), Hamet & Vancl (2005), Nakladal
(2008, 2011a, b), Boha¢ & Matgjicek (2009), Hava (2009), Rébl (2010), Hamet et al.
(2012).

Starsi i novéjsi ekologické prace ze severni Moravy obsahuji velmi zajimavé Udaje o
preferenci biotopl, sezénni dynamice a pohyblivosti druhd mrchoZroutd polnich
ekosystém0 (Novak, 1961, 1962, 1965, 1966; Petruska, 1964) a o cirkadianni aktivité a

sukcesi mrchoZrouttd pri dekompozici mrsiny (Koc¢arek, 2001, 2002a, 2002b).

Tato prace vznikla v letech 2008 a 2009 za ucelem poznani ekologickych preferenci
nekrofagnich mrchozroutt Zijicich v oteviené krajing, jejim Gcelem je navazat na vyse
zminéné prace Novaka a Petrusky. Sbér a determinace materialu probéhla v rdmci dvou

bakalarskych a ¢tyr diplomovych praci vedenych Janem R{zZi¢kou. Ekologické vysledky
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budou zpracovany samostatné, zde chceme shrnout a komentovat nashromazdéna
faunisticka data, véetné Gdaji o vzacnéji sbiranych druzich mrchoZroutovitych broukda,

zejména hrobafrikd.

C.2 Material a metodika

Studovana uzemi se nachdzela pobliz Loun (faunistické ctverce: 5648, 5649, 5650,
5749), Kutné Hory (5957, 6057, 6058), Zabfehu na Moravé (dale v textu oznacovany
jako Zabreh) (6067, 6167, 6267) a v oblasti mezi Brnem a Breclavi s centrem okolo
Zidlochovic (dale v textu oznaceno jako Zidlochovice) (7064, 6865, 6965, 7065, 7066,
7167, 7267). Lokality byly vybrany v niZinnych oblastech Cech i Moravy (obr. 1). Pasti
byly vidy poloZzené v oteviené krajiné, nejcastéji na poli, vzdaleném min. 50 m od

okraje biotopu véetné nejblizsiho lesniho fragmentu.

K odchytu mrchozroutd byly pouZity padaci pasti s ndvnadou ze zrajiciho syra a rybiho

masa. Jako fixaz byla pouzita smés etylenglykolu a vody v poméru 1:1.

Pasti byly zakopany na kazdé lokalité v linii po péti se vzdalenosti 20 m mezi sebou, dale
v textu je udan soucet jedincll z celé pétice pasti. Exponované byly vétsinou po dobu 14
dn(. Jedinou vyjimku tvofilo jarni obdobi roku 2008, kdy byla expozice prodlouZzena z
dlvodu neptiznivého chladného pocasi na tfi tydny. Odbéry probihaly pouze ve tfech

usecich béhem roku, v jarnim, letnim a podzimnim obdobi.

V okoli Loun a Kutné Hory byly pasti instalovany v letech 2008 a 2009, v Zabfehu na

Moraveé a v Zidlochovicich pouze v roce 2009.

O sbér i determinaci se v kazdé oblasti starala vidy jedna osoba. Na Lounsku to byla
Lucia Lvova, Zidlochovice zpracovala Katefina Stefunova, Zabieh Helena Sifrovd a

Kutnou Horu Pavel Jakubec.

Determinace byla provadéna na zékladé srovnani s klicem Sustka (1981). Problematické
kusy revidoval Jan RGZicka. Dokladové kusy ze vSech lokalit jsou uloZeny v jeho sbirce

s vyjimkou materidlu z okoli Kutné Hory, ktery je uloZen ve sbirce Pavla Jakubce.
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Obr. 1. Prfehled studovanych lokalit v CR, schematicky vyjadienych pomoci
faunistickych ¢tvercli (mapovy podklad AOPK, Praha).
Fig. 1. Studied localities within the Czech Republic, schematically represented by dots

on faunistic grid map (map base provided by AOPK, Praha).

C.2.1 Terminy expozice zemnich pasti

Kutnd Hora 2008 — jaro 2008: 3.V.—24.V.2008, |éto 2008: 29.VI.-13.VII.2008, podzim
2008: 14.1X.—28.1X. 2008.

Kutndé Hora 2009 — jaro 2009: 17.V.—31.V.2009, Iéto 2009: 5.VII.-19.VI1.2009, podzim
2009: 13. IX.—27.1X. 2009.

Louny 2008 — jaro 2008: 10.V.—31.V.2008, |éto 2008: 4.VII.—6.V11.2008, podzim 2008:
16.1X.—29.1X.2008.

Louny 2009 — jaro 2009: 16.V.—30.V.2009, léto 2009: 1.VII.—12.VII.2009, podzim 2009:
17.1X.—3.X.2009.
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Zidlochovice 2009 — jaro 2009: 15.V.—29.V.20009, léto 2009: 11.VI1.—25.VI1.2009, podzim
2009: 11.1X.—25. 1X.20009.

Zdbreh 2009 — jaro 2009: 17.V.-31.V.2009, léto 2009: 5.VI1.-19.VI1.2009, podzim 2009:
13.1X.—27.1X.2009.

C.2.2 Popis lokalit

Nasledujici sekce obsahuje blizsi udaje o lokalitach, které jsou rozdéleny do
jednotlivych oblasti a let, kdy probihal sbér. Tyto lokality jsou vidy oznaceny
pofadovym C¢islem, nazvem nejbliz§i obce, ¢tvercem faunistického mapovani, GPS

soufadnicemi stfedu linie pasti a védeckym nazvem péstované plodiny v okoli pasti.

Kutnd Hora 2008

1 - Cirkvice (6058c), 49°56'48,183"N, 15°20'47,287"E, Zea mays. 2 — Kalabousek
(6058c), 49°55'39"N, 15°23'6,542"E, Hordeum vulgare. 3 — Zleby (6058d),
49°54'2,786"N, 15°29'30,715"E, Triticum aestivum. 4 —Vrdy I. (6058d), 49°55'12,946"N,
15°28'51,636"E, Zea mays. 5 — Horni Bucice (6058d), 49°56'8,593"N, 15°26'58,012"E,
Hordeum vulgare. 6 — Bojmany (6058d), 49°57'16,818"N, 15°26'7,632"E, Brassica
napus. 7 — Kolin (5957c), 4950°1'46,826"N, 15°13'26,68"E, Brassica napus. 8 — Stary
Kolin I. (5957d), 50°0'5,501"N, 15°17'46,691"E, Triticum aestivum. 9 — Cerveny domek
(6057b), 49°59'12,954"N, 15°19'26,96"E, Brassica oleracea convar. capitata var. alba.
10 — Nové Dvory I. (6058a), 49°57'59,871"N, 15°20'31,841"E, Beta vulgaris var.
rapacea. 11 — Malin I. (6057a), 49°58'28,99"N, 15°18'5,774"E, Triticum aestivum. 12 —
Skalka (6057a), 49°59'47,749"N, 15°14'51,083"E, Beta vulgaris var. rapacea.

Kutna Hora 2009
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13 — Hluboky d0l (5957c), 50°0'32.79"N, 15°15'52.48"E, Triticum aestivum. 14 — Stary
Kolin I1. (5957b), 50°0'32.79"N, 15°15'52.48"E, Zea mays. 15 — Libenice (6057b),
49°59'26.27"N, 15°15'55.35"E, Beta vulgaris var. rapacea. 16 — Hlizov (6057b),
49°59'32.44"N, 15°18'15.89"E, Triticum aestivum. 17 — Nové Dvory Il. (6057b),
49°57'31.46"N, 15°19'29.81"E, Zea mays. 18 — Chotusice — letiSté (6058a),
49°57'26.98"N, 15°21'26.72"E, Triticum aestivum. 19 — Chotusice (6058a),
49°57'6.79"N, 15°24'19.85"E, Hordeum vulgare. 20 — Druhanice (6058d),
49°56'36.97"N, 15°25'12.53"E, Glycine max. 21 — Vy¢apy (6058d), 49°56'35.10"N,
15°27'28.13"E, Triticum aestivum. 22 —Vrdy Il. (6058d), 49°54'48.86"N, 15°27'53.30"E,
Hordeum vulgare. 23 — Vinice (6058d), 49°54'45.96"N, 15°29'31.00"E, Triticum
aestivum. 24 — Malin Il. (6057b), 49°58'15.74"N, 15°18'38.02"E, Triticum aestivum.

Louny 2008

25 — Pozden I. (5749d), 50°14'44,340"N 013°56'10,104"E, Triticum aestivum. 26 —
Pozden Il. (5749b), 50°15'08,640"N 013°57'12,204"E, Hordeum vulgare. 27 —
HoresSovice I. (5749b), 50°15'41,400"N 013°56'53,196"E, Triticum aestivum. 28 —
HoresSovice Il. (5749b), 50°15'43,056"N 013°57'20,988"E, Triticum aestivum. 29 —
HoresSovice lll. (5749b), 50°16'05,484"N 013°56'56,580"E, Beta vulgaris var. rapacea. 30
— Klobuky (5749b), 50°17'28,752"N 013°58'08,724"E, Medicago sativa.

Louny 2009

31 — Skupice I. (5648c), 50°19'51.8"N 13°41'41.61"E, Zea mays. 32 — Skupice Il. (5648c),
50°20'50.86"N 13°42'10.96"E, Hordeum vulgare. 33 — Malnice (5648c), 50°20'15.86"N
13°43'19.41"E, Phacelia tanacetifolia. 34 — Postoloprty (5648a), 50°22'26.05"N,
13°42'59.19"E, Triticum aestivum. 35 — Bfezno (5648a), 50°21'27.47"N 13°44'41.13"E,
Hordeum vulgare. 36 — Louny |. (5648b), 50°21'3.42"N 13°46'33.91"E, Triticum
aestivum. 37 — Louny Il. (5648b), 50°22'2.22"N 13°49'5.63"E, Hordeum vulgare. 38 —

Veltéze (5649c), 50°20'54.16"N 13°52'45.63"E, Hordeum vulgare. 39 — Pocedélice
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(5649a), 50°22'29.56"N 13°53'25.33"E, Hordeum vulgare. 40 — Slavétin (5649a),
50°21'46"N 13°54'50.15"E, Hordeum vulgare. 41 — Stradonice (5649b), 50°23'3.25"N
13°58'10.69"E, Hordeum vulgare. 42 — Kresin (5650a), 50°23'49.51"N 14°0'19.94"E,

Triticum aestivum.

Zidlochovice 2009

43 — Rebesovice (6865d), 49°6'3.309"N, 16°39'5.433"E, Triticum aestivum. 44 — Modfice
(6865d), 49°7'5.7"N, 16°37'30.601"E, Heliantus annus. 45 — Holasice (6965b),
49°4'48.925"N, 16°37'13.974"E, Triticum aestivum. 46 — Vojkovice (6965b),
49°3'48.377"N, 16°35'2.289"E, Triticum aestivum. 47 — Medlov (6965c), 49°2'16.205"N,
16°32'11.277"E, Carthamus tinctorius. 48 — Kuparovice (6965c), 49°2'15.633"N,
16°30'7.352"E, Hordeum vulgare. 49 — Odrovice (6965c), 49°1'1.315"N, 16°31'12.008"E,
Brassica napus. 50 — Cvréovice (6965c), 49°0'9.305"N, 16°30'20.279"E, Zea mays. 51 —
Pohorelice (7064a), 48°59'38.058"N, 16°32'0.136"E, Zea mays. 52 — Pfibice (7065a),
48°59'10.534"N, 16°34'35.124"E, Hordeum vulgare. 53 — Vranovice (7065b),
48°59'1.514"N, 16°36'50.803"E, Zea mays. 54 —Ptisnotice (7065b), 48°59'39.925"N,
16°37'45.159"E, Zea mays. 55 — Nosislav (6965d), 49°1'4.694"N, 16°37'35.941"E,
Hordeum vulgare. 56 — Velké Némcdice I. (7065b), 48°59'12.34"N, 16°38'58.002"E,
Triticum aestivum. 57 — Velké Némcice Il. (7066a), 48°58'41.388"N, 16°40'28.065"E, Zea
mays. 58 — Uhercice (7065b), 48°57'38.568"N, 16°38'48.09"E, Zea mays. 59 — Ladna |.
(7167c), 48°48'35.362"N, 16°51'56.754"E, Heliantus annus. 60 — Ladna Il. (7267a),
48°47'55.264"N, 16°53'40.959"E, Zea mays.

Zabieh 2009

61 — Sudkov (6067d), 49°55'10.79"N, 16°57'04.68"E, Beta vulgaris var. rapacea. 62 —
Kolsov (6067d), 49°54'01.33"N, 16°56'43.62"E, Hordeum vulgare. 63 — Lesnice (6167b),
49°53'14.36"N, 16°56'21.08"E, Beta vulgaris var. rapacea. 64 — Zabieh — sever (6167a),

49°53'33.19"N, 16°52'45.99"E, Hordeum vulgare. 65 — Zabieh — zdpad (6167a),
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49°53'14.53"N, 16°51'09.84"E, louka (pastvina). 66 — Rajec (6167a), 49°51'31.83"N,
16°53'44.99"E, Hordeum vulgare. 67 — Zvole (6167c), 49°49'49.81"N, 16°54'25.36"E,
Triticum aestivum. 68 — Vlachov (6167c), 49°48'52.20"N, 16°54'23.69"E, Triticum
aestivum. 69 — Libiva (6267a), 49°47'29.77"N, 16°54'57.98"E, Triticum aestivum. 70 —
Mohelnice (6267b), 49°46'12.85"N, 16°56'02.84"E, Triticum aestivum. 71 — Ttestina
(6267b), 49°47'57.99"N, 16°58'31.31"E, Zea mays. 72 — Dubicko (6167d),
49°49'31.25"N, 16°58'12.18"E, Hordeum vulgare. 73 — Sudkov — jih (6067d),
49°54'39.64"N, 16°55'55.31"E, Zea mays. 74 — Novy Dvir (6167b), 49°53'44.24"N,
16°55'10.09"E, Medicago sativa. 75 — Lestina (6167b), 49°52'31.60"N, 16°55'43.29"E,
Medicago sativa. 76 — LeStina — zapad (6167a), 49°52'18.42"N, 16°54'42.74"E, Triticum
aestivum. 77 — Zabreh — vychod (6167a), 49°52'51.07"N, 16°53'39.48"E, louka
(pastvina). 78 — Zabreh (6167a), 49°52'23.44"N, 16°52'41.98"E, louka (pastvina). 79 —
Zvole — sever (6167d), 49°50'48.53"N, 16°55'06.03"E, Medicago sativa. 80 — Lukavice
(6167d), 49°49'34.29"N, 16°55'46.54"E, Medicago sativa. 81 — Libiva — vychod (6167d),
49°48'15.24"N, 16°55'24.99"E, Beta vulgaris var. rapacea. 82 — Mohelnice — sever
(6267b), 49°46'59.92"N, 16°55'09.30"E, louka (pastvina). 83 — Mohelnice — vychod
(6267b), 49°46'50.83"N, 16°57'10.56"E, Triticum aestivum. 84 — TteStina — severozapad
(6167d), 49°48'00.28"N, 16°57'21.16"E, Zea mays.

C.3 Vysledky

V rdmci této prace bylo sebrano 15 druhl mrchoZroutovitych broukl (Coleoptera:

Silphidae) v 71 234 exemplafich na 84 lokalitach ve &tyfech oblastech CR.

Tabulka 1. Pocet exemplarl jednotlivych druhtd mrchozZzroutt ve étyfech sledovanych
oblastech Ceské republiky.

Table 1. Number of specimens of carrion beetles in four studied areas of the Czech
Republic.

Louny Kutna Hora Zabieh Zidlochovice
(2008/09) (2008/09) (2009) (2009)
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Nicrophorus antennatus 51 0 0 4
Nicrophorus germanicus 76 0 1 159
Nicrophorus humator 9 31 2 12
Nicrophorus interruptus 603 369 46 328
Nicrophorus investigator 1 2 0 7
Nicrophorus sepultor 1333 433 2 482
Nicrophorus vespillo 5261 6556 726 1185
Nicrophorus vespilloides 5 153 1 0
Oiceoptoma thoracicum 8 47 5 2
Phosphuga atrata atrata 0 2 0 1
Silpha carinata 71 0 2 44
Silpha obscura obscura 4460 19 70 732
Silpha tristis 78 90 63 49
Thanatophilus rugosus 879 441 22 392
Thanatophilus sinuatus 18617 18627 2769 5906

Vyzkum byl provadén v biologicky pomérné nezajimavém prostiedi polnich
monokultur, ale pfesto se nam podafilo odchytit dva ohroZené druhy hrobafik(
(Nicrophorus antennatus (Reitter, 1884) a N. germanicus (Linnaeus, 1758)) a jeden druh
témér ohrozeny (N. sepultor Charpentier, 1825) dle Cerveného seznamu (RGZicka,

2005).

V nasledujicim abecedné usporadaném prehledu je u kazdého druhu uveden odislovany
seznam lokalit s faunistickym ctvercem, obdobim sbéru, poctem kusl a pripadné i

pohlavim.

C.3.1 Seznam nalezli a komentare k jednotlivym druhiim

podceled’ Nicrophorinae
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Nicrophorus antennatus (Reitter, 1884)

Studovany material. Bohemia: Louny: 28 — HoreSovice Il. (5749b), jaro 2008, 2 ex.; 29 —
Horesovice lll. (5749b), jaro 2008, 1 ex.; 30 — Klobuky (5749b), jaro 2008, 2 ex., léto
2008, 21 ex.; 34 — Postoloprty (5648a), Iéto 2009, 16 ex., podzim 2009, 3 ex.; 35 —
Bfezno (5648a), léto 2009, 1 ex.; 38 — Veltéze (5649c), Iéto 2009, 3 ex., podzim 2009, 1
ex.; 42 — Kiesin (5650a), [éto 2009, 1 ex.; Moravia: Zidlochovice: 43 — Rebe$ovice

(6865d), jaro 2009, 1 ex.; 50 — Cvrcovice (6965c), jaro 2009, 1ex., podzim 2009, 2 ex.

Rozsifeni a ekologie. Palearkticky druh, rozsifeny ve vétSiné Evropy, krom severskych
statll a Velké Britanie, v Asii se vyskytuje od Turecka a7 po Kadmir a severozapadni Cinu
(RGZicka & Schneider, 2004). U nés jen jednotlivé star$i nalezy z Cech i Moravy (J.
Razicka, nepubl.). Hojny vyskyt u Nakla (6368) a Drahanovic (6468) a jen velmi vzacny u
Chvalkovic (6369) v okoli Olomouce uvadi z pfelomu 50. a 60. let Novak (1961, 1965).
Recentné také pocetné nalezen v Cechéch, v luénich ekosystémech severné od
Zaboviesk nad Ohfi (5550) (J. RGZi¢ka, nepubl.). Na ¢erveném seznamu je tento druh v
CR uveden v kategorii ohroZeny (RGzi¢ka, 2005). Novak (1962) uvadi jeho hojny vyskyt v
otevienych biotopech s vazbou na sprasové pudy. Nalézan jen ve dvou nami

studovanych oblastech, vétSinou jednotlivé.

Nicrophorus germanicus (Linnaeus, 1758)

Studovany material. Bohemia: Louny: 27 — HoreSovice I. (5749b), jaro 2008, 1 ex.; 28 —
Horesovice Il. (5749b), jaro 2008, 2 ex.; 29 — Horesovice Ill. (5749b), jaro 2008, 4 ex.; 30
— Klobuky (5749b), jaro 2008, 9 ex., |éto 2008, 3 ex.; 36 — Louny |. (5648b), jaro 2009, 1
ex.; 38 — Veltéze (5649c), jaro 2009, 2 ex., |éto 2009, 21 ex.; 40 — Slavétin (5649a), jaro
2009, 4 ex.; 41 — Stradonice (5649b), jaro 2009, 14 ex.; 42 — Ktesin (5650a), jaro 2009, 4
ex., |éto 2009, 5 ex.; 39 — Pocedélice (5649a), |éto 2009, 4 ex.; 41 — Stradonice (5649b),
podzim 2009, 2 ex.; Moravia: Zidlochovice: 43 — Rebe$ovice (6865d), jaro 2009, 1 ex.;
44 — Modfice (6865d), jaro 2009, 14 ex., l[éto 2009, 3 ex., podzim 2009, 1 ex.; 46 —
Vojkovice (6965b), jaro 2009, 1 ex., Iéto 2009, 1 ex.; 47 — Medlov (6965c), jaro 2009, 6
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ex., |éto 2009, 1 ex.; 48 — Kuparovice (6965c), jaro 2009, 2 ex.; 49 — Odrovice (6965c),
jaro 2009, 1 ex., léto 2009, 1 ex.; 50 — Cvrcéovice (6965c), jaro 2009, 45 ex., |éto 2009, 1
ex., podzim 2009, 48 ex.; 51 — Pohorelice (7064a), jaro 2009, 14 ex., éto 2009, 1 ex.; 52
— Pribice (7065a), jaro 2009, 3 ex., |éto 2009, 4 ex.; 53 — Vranovice (7065b), jaro 2009, 1
ex., podzim 2009, 1 ex.; 58 — Uhercice (7065b), jaro 2009, 4 ex.; 59 — Ladna I. (7167c),
jaro 2009, 1 ex.; 56 — Velké Némcice I. (7065b), l1éto 2009, 4 ex.; Zdbreh: 71 — Trestina
(6267b), 1éto 2009, 1 ex.

Rozsifeni a ekologie. Zapadopalearkticky druh, rozsiteny od Evropy ptes Turecko, jizni
Rusko a Irdn az do Turkmenistanu (R0Zicka & Schneider, 2004). U nas jsou pocetné
star$i nalezy z Cech i z Moravy (J. RGzZi¢ka, nepubl.). Hojny vyskyt u Nakla (6368),
Chvalkovic (6369), Drahanovic (6468), a méné hojny u Lhoty nad Moravou (6368) v
okoli Olomouce uvadi z prelomu 50. a 60. let Novak (1961, 1962, 1965). V soucasnosti
mnohem vzacnéji nalézan, ale zndme nejméné dvé dalsi lokality s recentnim hojnym
vyskytem — v Cechach severné od Zaboviesk nad Ohii (5550) a na Moravé v okoli
Kyjova (7068). V obou pripadech se jedna o lu¢ni ekosystémy (J. Razicka, nepubl.).
Stejné jako N. antennatus je veden v &erveném seznamu CR jako druh v kategorii
ohroZeny (RGZicka, 2005). Druh oteviené krajiny, s vazbou na teplejsi lokality s
vyskytem sprasSovych pud (Novak, 1962). Ve dvou studovanych oblastech pocetnéji, v

okoli Zabrehu jen ojedinély nélez.

Nicrophorus humator (Gleditsch, 1767)

Studovany material. Bohemia: Louny: 26 — Pozden Il. (5749b), jaro 2008, 3 ex.; 27 —
Horesovice I. (5749b), jaro 2008, 1 ex.; 28 — HoreSovice Il. (5749b), jaro 2008, 1 ex.;
Skupice, léto 2009, 1 ex.; 34 — Postoloprty (5648a), Iéto 2009, 1 ex.; 41 — Stradonice
(5649b), podzim 2009, 2 ex.; Kutnd Hora: 3 — Zleby (6058d), jaro 2008, 3 m*m*, 1 f*; 4
—Vrdy I. (6058d), jaro 2008, 1 m*; 9 — Cerveny domek (6057b), jaro 2008, 2 m*m*, 2
f*f*, [éto 2008, 1 m*, 1 f*; 2 — Kalabousek (6058c), podzim 2008, 1 f*; 6 — Bojmany
(6058d), podzim 2008, 1 m*.; 15 — Libenice (6057b), Iéto 2009, 2 f*f*; 16 — Hlizov
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(6057b), podzim 2009, 5 m*m*, 6 f*f*;, 17 — Nové Dvory Il. (6057b), podzim 2009, 1 f*,
18 — Chotusice — letisté (6058a), Iéto 2009, 1 f*, podzim 2009, 1 f*, 21 — Vycéapy
(6058d), jaro 2009, 1 m*, podzim 2009, 1 m*; Moravia: Zidlochovice: 44 — Modfice
(6865d), 1éto 2009, 1 ex.; 45 — Holasice (6965b), Iéto 2009, 3 ex.; 46 — Vojkovice
(6965b), 1éto 2009, 1 ex.; 51 — Pohotelice (7064a), l1éto 2009, 4 ex.; 57 — Velké Némcice
Il. (7066a), l1éto 2009, 1 ex., podzim 2009, 1 ex.; 59 — Ladnd I. (7167c), |éto 2009, 1 ex.;
Zabreh: 74 — Novy Dvir (6167b), jaro 2009, 1 ex.; 75 — LeStina (6167b), Iéto 2009, 1 ex.

Rozsiteni a ekologie. Siroce roziiteny palearkticky druh, zndmy od Evropy a severni
Afriky na vychodni Sibif a do severozépadni Ciny (ROZicka & Schneider, 2004). U nés
obecné rozsifeny, jeden z béinych druh( hrobafikl (napf. Vysoky 2007), preferujici
lesni biotopy (RUZi¢ka, 1994). Ve studovanych otevienych biotopech byl zachycen jen

jednotlivé.

Nicrophorus interruptus Stephens, 1830

Studovany material. Bohemia: Louny: 29 — HoreSovice lIl. (5749b), jaro 2008, 1 ex.; 26
— Pozden Il. (5749b), |éto 2008, 42 ex., podzim 2009, 2 ex.; 28 — HoreSovice Il. (5749b),
léto 2009, 40 ex., podzim 2009, 9 ex.; 30 — Klobuky (5749b), l1éto 2009, 41 ex.; 25 —
Pozdeni I. (5749d), podzim 2009, 13 ex.; 32 — Skupice Il. (5648c), jaro 2009, 2 ex., léto
2009, 15 ex.; 34 — Postoloprty (5648a), jaro 2009, 5 ex., léto 2009, 90. ex, podzim 2009,
11 ex.; 40 — Slavétin (5649a), jaro 2009, 1 ex., [éto 2009, 83 ex.; 41 — Stradonice
(5649b), jaro 2009, 2 ex., podzim 2009, 8 ex.; 31 — Skupice I. (5648c), 1éto 2009, 16 ex.;
35 — Brezno (5648a), léto 2009, 12 ex., podzim 2009, 2 ex.; 36 — Louny I. (5648b), Iéto
2009, 16 ex.; 37 — Louny Il. (5648b), Iéto 2009, 2 ex., podzim 2009, 1 ex.; 38 — Veltéze
(5649c), l1éto 2009, 48 ex.; 39 — Pocedélice (5649a), 1éto 2009, 9 ex.; 42 — Kresin
(5650a), Iéto 2009, 130 ex.; 33 — Malnice (5648c), podzim 2009, 2 ex.; Kutnd Hora: 1 —
Cirkvice (6058c), jaro 2008, 1 m*, 2 f*f*; 2 — Kalabousek (6058c), jaro 2008, 2 m*m*, 1
f*, 16to 2008, 15 m*m*, 15 f*f*, podzim 2008, 1 m*, 1 f*; 3 — Zleby (6058d), jaro 2008,
2 m*m#*, 2 f¥f*, |éto 2008, 6 m*m*, 5 f*f*; 4 — Vrdy I. (6058d), jaro 2008, 4 f*f*, |éto
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2008, 3 m*m*, podzim 2008, 2 f*f*; 5 — Horni Bucice (6058d), jaro 2008, 3 m*m*, 3
f*f*, [éto 2008, 11 m*m*, 8 f*f*, podzim 2008, 2 m*m*, 5 f*f*; 6 — Bojmany (6058d),
jaro 2008, 3 m*m?*, 7 f*f*, [éto 2008, 2 m*m*, podzim 2008, 5 m*m*, 2 f*f*; 7 — Kolin
(5957c), jaro 2008, 1 f*; 8 — Stary Kolin I. (5957d), jaro 2008, 6 m*m*, 13 f*f*; 9 —
Cerveny domek (6057b), jaro 2008, 10 m*m*, 11 f*f*, |éto 2008, 1 f*, podzim 2008, 2
f*f*, 10 — Nové Dvory I. (6058a), jaro 2008, 1 m*, 2 f*f*, 1éto 2008, 16 m*m?*, 12 f*f*,
podzim 2008, 2 f*f*; 11 — Malin I. (6057a), jaro 2008, 6 m*m*, 6 f*f*, podzim 2008, 7
m*m#*, 5 f*f*; 12 — Skalka (6057a), jaro 2008, 5 m*m?*, 2 f*f*, podzim 2008, 1 f*; 13 —
Hluboky dul (5957c), jaro 2009, 1 m*, 1 f*, |éto 2009, 10 m*m*, 4 f*f*, podzim 2009, 1
f*; 14 — Stary Kolin Il. (5957b), jaro 2009, 1 m*, léto 2009, 2 m*m*, 1 f*, podzim 2009, 4
m*m*, 5 f*f*; 15 — Libenice (6057b), l[éto 2009, 10 m*m*, 12 f*f*; 16 — Hlizov (6057b),
jaro 2009, 3 m*m?*, 5 f*f*, podzim 2009, 2 f*f*; 17 — Nové Dvory Il. (6057b), |éto 2009,
16 m*m*, 11 f*f*, podzim 2009, 3 m*m*, 1 f*; 18 — Chotusice — letiSté (6058a), |éto
2009, 3 m*m*, 1 f*, podzim 2009, 3 m*m*, 5 f*f*; 19 — Chotusice (6058a), |éto 2009, 6
m*m#*, 13 f*f*, podzim 2009, 2 f*f*; 20 — Druhanice (6058d), l1éto 2009, 4 m*m*, 3
f*f*; 21 — Vycapy (6058d), Iéto 2009, 1 m*, podzim 2009, 4 f*f*; 22 — Vrdy II. (6058d),
jaro 2009, 1 m*, Iéto 2009, 4 m*m*, 4 f*f*; Moravia: Zidlochovice: 43 — Rebe$ovice
(6865d), jaro 2009, 2 ex., léto 2009, 1 ex., podzim 2009, 1 ex.; 46 — Vojkovice (6965b),
jaro 2009, 3 ex., léto 2009, 27. ex., podzim 2009, 4 ex.; 47 — Medlov (6965c), jaro 2009,
1 ex., |éto 2009, 9 ex.; 48 — Kuparovice (6965c), jaro 2009, 3 ex., Iéto 2009, 6 ex.,
podzim 2009, 21 ex.; 50 — Cvrcovice (6965c), jaro 2009, 9 ex., léto 2009, 6 ex., podzim
2009, 34 ex.; 51 — Pohotelice (7064a), jaro 2009, 3 ex., [éto 2009, 4 ex., podzim 2009,
14 ex.; 52 — Ptibice (7065a), jaro 2009, 4 ex., |éto 2009, 17 ex., podzim 2009, 17 ex.; 53
—Vranovice (7065b), jaro 2009, 8 ex., podzim 2009, 10 ex.; 54 — Pfisnotice (7065b), jaro
2009, 1 ex., léto 2009, 1 ex., podzim 2009, 3 ex.; 56 — Velké Némcice I. (7065b), jaro
2009, 2 ex., léto 2009, 16 ex., podzim 2009, 8 ex.; 60 — Ladna Il. (7267a), jaro 2009, 8
ex., |éto 2009, 3 ex.; 44 — Modfice (6865d), Iéto 2009, 6 ex., podzim 2009, 4 ex.; 45 —
Holasice (6965b), Iéto 2009, 3 ex., podzim 2009, 4 ex.; 49 — Odrovice (6965c), |éto 2009,
1 ex., podzim 2009, 10 ex.; 55 — Nosislav (6965d), |éto 2009, 7 ex., podzim 2009, 1 ex.;
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58 — Uhercice (7065b), l1éto 2009, 1 ex.; 57 — Velké Némcice Il. (7066a), |éto 2009, 3 ex.,
podzim 2009, 24 ex.; 59 — Ladnd I. (7167c), Iéto 2009, 1 ex., podzim 2009, 17 ex.;
Zabreh: 81 — Libiva — vychod (6167d), jaro 2009, 1 ex.; 72 — Dubicko (6167d), Iéto 2009,
5 ex., podzim 2009, 5 ex.; 75 — Lestina (6167b), Iéto 2009, 1 ex.; 76 — LesStina — zdpad
(6167a), Iéto 2009, 4 ex.; 83 — Mohelnice — vychod (6267b), Iéto 2009, 2 ex., podzim
2009, 2 ex.; 61 — Sudkov (6067d), podzim 2009, 1 ex.; 68 — Vlachov (6167c), podzim
2009, 5 ex.; 73 — Sudkov — jih (6067d), podzim 2009, 2 ex.; 74 — Novy Dvlr (6167b),
podzim 2009, 3 ex.; 79 — Zvole — sever (6167d), podzim 2009, 1 ex.; 80 — Lukavice
(6167d), podzim 2009, 8 ex.; 82 — Mohelnice — sever (6267b), podzim 2009, 2 ex.; 84 —
Trestina — severozdpad (6167d), podzim 2009, 4 ex.

Rozsifeni a ekologie. Palearkticky druh, rozSifeny od Evropy a severni Afriky aZ na
vychodni SibiF a do severozapadni Ciny (RGzZi¢ka & Schneider, 2004). Na nasem uzemi
velmi hojny hrobarik (napf. Vysoky 2007). Eurytopni druh, ktery se vyskytuje jak v
oteviené krajiné, tak i v lesich (Razicka, 1994; Kocarek & Benko, 1997; Vysoky, 2007).

Ve studovanych oblastech pocetny vyskyt.

Nicrophorus investigator Zetterstedt, 1824
Studovany material. Bohemia: Louny: 25 — Pozden |. (5749d), podzim 2008, 1 ex.;

Kutnd Hora: 9 — Cerveny domek (6057b), podzim 2008, 1 m*; 10 — Nové Dvory I.
(6058a), podzim 2008, 1 f*; Moravia: Zidlochovice: 43 — Rebe3ovice (6865d), jaro 2009,
1 ex.; 48 — Kuparovice (6965c), jaro 2009, 1 ex.; 53 — Vranovice (7065b), jaro 2009, 1
ex.; 50 — Cvrcovice (6965c), l1éto 2009, 2 ex.; 55 — Nosislav (6965d), |éto 2009, 1 ex.; 60
—Ladna ll. (7267a), |éto 2009, 1 ex.

Rozsiteni a ekologie. Siroce rozsifeny holarkticky druh (RéZicka & Schneider, 2004). U
nas bézny, ale vyskytuje se prakticky pouze v lesnich biotopech (Rlzicka, 1994; Kocarek
& Benko, 1997; Vysoky, 2007). Jeho zalety do oteviené krajiny, jak je vidét i v nasem

vyCtu materialu, jsou dosti vzacné.
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Nicrophorus sepultor Charpentier, 1825

Studovany material. Bohemia: Louny: 27 — HoreSovice I. (5749b), jaro 2008, 1 ex.; 26 —
Pozden Il. (5749b), 1éto 2008, 14 ex.; 28 — HoreSovice Il. (5749b), Iéto 2008, 60 ex.,
podzim 2008, 4 ex.; 30 — Klobuky (5749b), |éto 2008, 256 ex.; 25 — Pozden I. (5749d),
podzim 2008, 2 ex.; 29 — HoreSovice lll. (5749b), podzim 2008, 1 ex.; 34 — Postoloprty
(5648a), jaro 2009, 8 ex., léto 2009, 135 ex., podzim 2009, 10 ex.; 38 — Veltéze (5649c),
jaro 2009, 11 ex., léto 2009, 352 ex., podzim 2009, 3 ex.; 40 — Slavétin (5649a), jaro
2009, 1 ex., éto 2009, 295 ex.; 41 — Stradonice (5649b), jaro 2009, 1 ex., podzim 2009,
16 ex.; 31 — Skupice I. (5648c), |éto 2009, 6 ex.; 32 — Skupice Il. (5648c), |éto 2009, 5 ex.;
35 — Brezno (5648a), |éto 2009, 2 ex., podzim 2009, 2 ex.; 36 — Louny |. (5648b), Iéto
2009, 20 ex., podzim 2009, 7 ex.; 39 — PocCedélice (5649a), 1éto 2009, 3 ex.; 42 — Kresin
(5650a), Iéto 2009, 112 ex.; 33 — Malnice (5648c), podzim 2009, 4 ex.; 37 — Louny Il
(5648b), podzim 2009, 2 ex.; Kutnda hora: 2 — Kalabousek (6058c), |éto 2008, 5 m*m*, 8
f*f*; 3 — Zleby (6058d), 1éto 2008, 1 m*, 1 f*; 5 — Horni Bucice (6058d), jaro 2008, 1 f*,
léto 2008, 8 m*m*, 2 f*f*; 9 — Cerveny domek (6057b), jaro 2008, 1 m*; 12 — Skalka
(6057a), jaro 2008, 1 m*; 13 — Hluboky dal (5957c), jaro 2009, 1 m*, |éto 2009, 2 f*f*,
podzim 2009, 1 m*; 14 — Stary Kolin II. (5957b), jaro 2009, 6 m*m*, 1 f*, [éto 2009, 1 f*,
podzim 2009, 1 m*; 15 — Libenice (6057b), Iéto 2009, 1 m*, 2 f*f*; 17 — Nové Dvory Il
(6057b), 1éto 2009, 11 m*m*, 7 f*f*, podzim 2009, 2 m*m?*, 4 f*f*; 18 — Chotusice —
letisté (6058a), jaro 2009, 5 m*m*, 3 f*f*; 19 — Chotusice (6058a), |éto 2009, 128
m*m#*, 163 f*f*, podzim 2009, 1 m*; 20 — Druhanice (6058d), Iéto 2009, 3 m*m*, 6
f*f*; 21 — Vycapy (6058d), léto 2009, 3 m*m*, 1 f*, podzim 2009, 1 m*, 3 f*f*; 22 —
Vrdy Il. (6058d), jaro 2009, 1 f*, 1éto 2009, 15 m*m?*, 31 f*f*; 24 — Malin Il. (6057b),
podzim 2009, 1 f*; Moravia: Zidlochovice: 43 — Rebe$ovice (6865d), jaro 2009, 1 ex.,
léto 2009, 4 ex., podzim 2009, 1 ex.; 47 — Medlov (6965c), jaro 2009, 22 ex., |éto 2009,
26 ex.; 50 — Cvrcovice (6965c), jaro 2009, 38 ex., Iéto 2009, 2 ex., podzim 2009, 11 ex.;
52 — Pribice (7065a), jaro 2009, 61 ex., |éto 2009, 228 ex., podzim 2009, 10 ex.; 53 —

Vranovice (7065b), jaro 2009, 37 ex., |éto 2009, 2 ex., podzim 2009, 1 ex.; 60 — Ladna Il.
84



Klapalekiana

(7267a), jaro 2009, 12 ex.; 49 — Odrovice (6965c), léto 2009, 5 ex., podzim 2009, 3 ex.;
56 — Velké Némcice I. (7065b), Iéto 2009, 1 ex.; 44 — Modftice (6865d), podzim 2009, 1
ex.; 51 — Pohorelice (7064a), podzim 2009, 2 ex.; 59 — Ladnd I. (7167c), podzim 2009, 14
ex.; Zabreh: 80 — Lukavice (6167d), 1éto 2009, 1 ex., podzim 2009, 1 ex.

Rozsifeni a ekologie. Palearkticky druh, rozsifeny od Evropy az do Mongolska, vychodni
Sibife a do severozapadni Ciny (RdZitka & Schneider, 2004). U nés jednotlivé starsi i
nové&jsi nalezy z Cech i Moravy (Vysoky 2007; J. RGzi¢ka, nepubl.). Hojny vyskyt u Nakla
(6368), Lhoty nad Moravou (6368) a Drahanovic (6468) a méné hojny u Chvaélkovic
(6369) v okoli Olomouce uvadi z prelomu 50. a 60. let Novdk (1961, 1962, 1965).
Recentné nalézan vétsinou jednotlivé (napf. jednotlivé nalezy z Usteckého kraje shrnuje
Vysoky (2007)), ale zndme i masovy vyskyt v Cechach, severné od ZabovFesk nad Ohfi
(5550) a v okoli Kostelce nad Cernymi lesy (6055), oboji v lu¢nich biotopech (J. RdZitka,
nepubl.). Vzacnéj$i druh hrobafika, ktery je v ¢erveném seznamu CR veden v kategorii
témér ohrozeny (RGzicka, 2005). Druh oteviené krajiny, vCetné chladnéjsich biotopu
(Vysoky 2007; J. RGZi¢ka, nepubl.); Novak (1962) popisuje jeho vazbu na lokality se
sprasovymi pldami. Vysoky (2007) zmifuje i vyskyt na okraji lesnich biotop(. Ve tfech
studovanych oblastech zjistén pomérné pocetny vyskyt, v okoli Zabrehu jen dva

jednotlivé nalezy na jediné lokalité.

Nicrophorus vespillo (Linnaeus, 1758)

Studovany material. Bohemia: Louny: 35 — Bfezno (5648a), jaro 2009, 22 ex., |éto
2009, 71 ex., podzim 2009, 14 ex.; 27 — HoreSovice |. (5749b), jaro 2008, 281 ex.; 28 —
HoresSovice Il. (5749b), jaro 2008, 552 ex., |éto 2008, 169 ex., podzim 2008, 151 ex.; 29
— Horesovice lll. (5749b), jaro 2008, 412 ex., podzim 2008, 9 ex.; 30 — Klobuky (5749b),
jaro 2008, 213 ex., léto 2008, 183 ex., podzim 2008, 4 ex.; 42 — Kfesin (5650a), jaro
2009, 122 ex., |éto 2009, 225 ex., podzim 2009, 4 ex.; 36 — Louny I. (5648b), jaro 2009,
128 ex., |éto 2009, 36 ex., podzim 2009, 77 ex.; 37 — Louny Il. (5648b), jaro 2009, 59 ex.,
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léto 2009, 72 ex., podzim 2009, 33 ex.; 33 — Malnice (5648c), jaro 2009, 2 ex., podzim
2009, 23 ex.; 39 — Pocedélice (5649a), jaro 2009, 104 ex., Iéto 2009, 81 ex., podzim
2009, 8 ex.; 34 — Postoloprty (5648a), jaro 2009, 209 ex., Iéto 2009, 62 ex., podzim
2009, 61 ex.; 25 — Pozdeni I. (5749d), jaro 2008, 171 ex., podzim 2008, 151 ex.; 26 —
Pozden Il. (5749b), jaro 2008, 292 ex., |éto 2008, 75 ex., podzim 2008, 24 ex.; 31 —
Skupice I. (5648c), jaro 2009, 31 ex., Iéto 2009, 16 ex., podzim 2009, 27 ex.; 32 —
Skupice Il. (5648c), jaro 2009, 71 ex., léto 2009, 32 ex.; 40 — Slavétin (5649a), jaro 2009,
233 ex., |éto 2009, 163 ex.; 41 — Stradonice (5649b), jaro 2009, 64 ex., podzim 2009, 88
ex.; 38 — Veltéze (5649c), jaro 2009, 189 ex., [éto 2009, 202 ex., podzim 2009, 45 ex.;
Kutnd Hora: 1 — Cirkvice (6058c), jaro 2008, 12 m*m*, 7 f*f*, 1éto 2008, 4 m*m*, 4
f*f*, podzim 2008, 23 m*m*, 33 f*f*; 2 — Kalabousek (6058c), jaro 2008, 8 m*m*, 21
f*f*, 16to 2008, 24 m*m*, 31 f*f*, podzim 2008, 39 m*m*, 39 f*f*; 3 — Zleby (6058d),
jaro 2008, 17 m*m#*, 20 f*f*, |éto 2008, 10 m*m*, 7 f*f*; 4 — Vrdy I. (6058d), jaro 2008,
8 m*m*, 6 f*f*, 1éto 2008, 7 m*m*, 5 f*f*, podzim 2008, 33 m*m*, 33 f*f*; 5 — Horni
Bucice (6058d), jaro 2008, 5 m*m*, 4 f*f*, |éto 2008, 18 m*m*, 18 f*f*, podzim 2008,
51 m*m*, 63 f*f*; 6 — Bojmany (6058d), jaro 2008, 37 m*m*, 30 f*f*, [éto 2008, 1 f*,
podzim 2008, 62 m*m*, 80 f*f*; 7 — Kolin (5957c), jaro 2008, 8 m*m*, 9 f*f*; 8 — Stary
Kolin I. (5957d), jaro 2008, 35 m*m?*, 35 f*f*, |éto 2008, 9 m*m*, 8 f*f*, podzim 2008,
18 m*m*, 20 f*f*; 9 — Cerveny domek (6057b), jaro 2008, 46 m*m*, 73 f*f*, |éto 2008,
8 m*m*, 9 f*f*, podzim 2008, 122 m*m?*, 120 f*f*; 10 — Nové Dvory |. (6058a), jaro
2008, 8 m*m*, 2 f*f*, |éto 2008, 32 m*m*, 46 f*f*, podzim 2008, 151 m*m*, 119 f*f*;
11— Malin I. (6057a), jaro 2008, 48 m*m*, 83 f*f*, |éto 2008, 35 m*m™*, 70 f*f*,
podzim 2008, 198 m*m?*, 226 f*f*; 12 — Skalka (6057a), jaro 2008, 23 m*m?*, 13 f*f*,
léto 2008, 4 m*m*, 10 f*f*, podzim 2008, 126 m*m*, 115 f*f*; 13 — Hluboky ddl
(5957c), jaro 2009, 54 m*m*, 58 f*f*, Iéto 2009, 32 m*m*, 25 f*f*, podzim 2009, 42
m*m*, 43 f*f*; 14 — Stary Kolin II. (5957b), jaro 2009, 11 m*m#*, 23 f*f*, |éto 2009, 8
m*m#*, 12 f*f*, podzim 2009, 81 m*m#*, 83 f*f*; 15 — Libenice (6057b), jaro 2009, 11
m*m#*, 17 f*f*, léto 2009, 30 m*m*, 17 f*f*; 16 — Hlizov (6057b), jaro 2009, 92 m*m*,
95 f*f*, podzim 2009, 81 m*m*, 70 f*f*; 17 — Nové Dvory Il. (6057b), jaro 2009, 10
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m*m#*, 16 f*f*, |éto 2009, 60 m*m*, 64 f*f*, podzim 2009, 36 m*m*, 58 f*f*; 18 —
Chotusice — letisté (6058a), jaro 2009, 90 m*m*, 116 f*f*, |éto 2009, 17 m*m™*, 22 f*f*,
podzim 2009, 306 m*m?*, 304 f*f*; 19 — Chotusice (6058a), jaro 2009, 73 m*m?*, 88
f*f*, [éto 2009, 61 m*m*, 71 f*f*, podzim 2009, 105 m*m*, 124 f*f*; 20 — Druhanice
(6058d), jaro 2009, 17 m*m*, 25 f*f*, |éto 2009, 29 m*m*, 28 f*f*; 21 — Vycapy
(6058d), jaro 2009, 65 m*m*, 99 f*f*, [éto 2009, 17 m*m?*, 17 f*f*, podzim 2009, 73
m*m#*, 70 f*f*; 22 — Vrdy Il. (6058d), jaro 2009, 177 m*m*, 176 f*f*, |[éto 2009, 84
m*m#*, 112 f*f*; 23 — Vinice (6058d), jaro 2009, 142 m*m*, 133 f*f*; 24 — Malin II.
(6057b), jaro 2009, 59 m*m*, 64 f*f*, podzim 2009, 45 m*m*, 39 f*f*; Moravia:
Zidlochovice: 50 — Cvréovice (6965c), jaro 2009, 51 ex., léto 2009, 9 ex., podzim 2009,
150 ex.; 45 — Holasice (6965b), jaro 2009, 3 ex., |éto 2009, 31 ex.; 48 — Kuparovice
(6965c), jaro 2009, 2 ex., |éto 2009, 3 ex., podzim 2009, 36 ex.; 59 — Ladnd I. (7167c),
jaro 2009, 3 ex., léto 2009, 41 ex., podzim 2009, 17 ex.; 60 — Ladna Il. (7267a), jaro
2009, 16 ex., |[éto 2009, 71 ex.; 47 — Medlov (6965c), jaro 2009, 4 ex., |éto 2009, 64 ex.,
podzim 2009, 7 ex.; 44 — Modfice (6865d), jaro 2009, 27 ex., [éto 2009, 35 ex., podzim
2009, 23 ex.; 55 — Nosislav (6965d), jaro 2009, 2 ex., |éto 2009, 4 ex., podzim 2009, 1
ex.; 49 — Odrovice (6965c), jaro 2009, 9 ex., |éto 2009, 67 ex., podzim 2009, 36 ex.; 51 —
Pohorelice (7064a), jaro 2009, 4 ex., léto 2009, 26 ex., podzim 2009, 12 ex.; 52 — Pfibice
(7065a), jaro 2009, 27 ex., léto 2009, 87 ex., podzim 2009, 42 ex.; 54 — Pfisnotice
(7065b), podzim 2009, 1 ex.; 43 — Rebesovice (6865d), jaro 2009, 5 ex., |éto 2009, 4 ex.,
podzim 2009, 14 ex.; 58 — Uhercice (7065b), jaro 2009, 5 ex., Iéto 2009, 11 ex., podzim
2009, 4 ex.; 56 — Velké Némcice I. (7065b), jaro 2009, 16 ex., Iéto 2009, 75 ex., podzim
2009, 59 ex.; Velké Némcice, jaro 2009, 1 ex., Iéto 2009, 8 ex., podzim 2009, 11 ex.; 46
— Vojkovice (6965b), jaro 2009, 8 ex., |éto 2009, 11 ex.; 53 — Vranovice (7065b), jaro
2009, 23 ex., |éto 2009, 1 ex., podzim 2009, 18 ex.; Zabreh: 72 — Dubicko (6167d), jaro
2009, 19 ex., |éto 2009, 29 ex., podzim 2009, 16 ex.; 62 — KolSov (6067d), jaro 2009, 41
ex., |éto 2009, 1 ex.; 75 — Lestina (6167b), jaro 2009, 33 ex., Iéto 2009, 14 ex.; 76 —
Lestina — zapad (6167a), jaro 2009, 15 ex., |éto 2009, 14 ex., podzim 2009, 2 ex.; 69 —
Libivd (6267a), jaro 2009, 50 ex.; 81 — Libivd — vychod (6167d), jaro 2009, 16 ex.; 80 —
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Lukavice (6167d), Iéto 2009, 50 ex., podzim 2009, 26 ex.; 70 — Mohelnice (6267b), jaro
2009, 10 ex.; 82 — Mohelnice — sever (6267b), jaro 2009, 5 ex.; 83 — Mohelnice — vychod
(6267b), 1éto 2009, 1 ex., podzim 2009, 1 ex.; 74 — Novy Dvlr (6167b), jaro 2009, 19 ex.;
66 — Rajec (6167a), jaro 2009, 89 ex., Iéto 2009, 1 ex.; 61 — Sudkov (6067d), jaro 2009, 2
ex.; 73 —Sudkov — jih (6067d), jaro 2009, 7 ex., podzim 2009, 51 ex.; 71 — Trestina
(6267b), jaro 2009, 29 ex., [éto 2009, 1 ex.; 84 — Trestina — severozapad (6167d), jaro
2009, 10 ex., podzim 2009, 3 ex.; 68 — Vlachov (6167c), jaro 2009, 19 ex.; 78 — Zabreh
(6167a), jaro 2009, 54 ex.; 64 — Zabieh — sever (6167a), jaro 2009, 73 ex.; 67 — Zvole
(6167c), jaro 2009, 20 ex., |éto 2009, 1 ex.; 79 — Zvole — sever (6167d), podzim 2009, 4

ex.

Rozsifeni a ekologie. Palearkticky druh, rozsifeny od Evropy aZ na vychodni Sibif, do
Mongolska a severozapadni Ciny (RdZi¢ka & Schneider, 2004). U nas béiny druh
hrobafrika (napf. Vysoky 2007). Druh oteviené krajiny, ktery vSak mize zaletovat i do
lest (Razicka, 1994). Vyskytoval se prakticky na vSech nami prozkoumanych lokalitach,

Casto ve velkém mnozstvi.

Nicrophorus vespilloides Herbst, 1784

Studovany material. Bohemia: Louny: 27 — HoreSovice I. (5749b), jaro 2008, 1 ex.; 28 —
HoresSovice Il. (5749b), jaro 2008, 1 ex.; 26 — Pozden Il. (5749b), léto 2008, 1 ex.; 33 —
Malnice (5648c), jaro 2009, 1 ex.; 39 — PocCedélice (5649a), jaro 2009, 1 ex.; Kutnd Hora:
3 —Zleby (6058d), jaro 2008, 1 m*; 8 — Stary Kolin I. (5957d), jaro 2008, 1 m*, léto 2008,
2 m*m*, 1 f*, podzim, 2008, 1 m*; 9 — Cerveny domek (6057b), jaro 2008, 48 m*m*, 90
f*f*; 10 — Nové Dvory I. (6058a), Iéto 2008, 1 m*, 1 *; podzim 2008, 2 m*m*, 1 f*; 13 —
Hluboky dul (5957c), Iéto 2009, 1 m*; 16 — Hlizov (6057b), jaro 2009, 1 f*, podzim 2009,
1 m*; 24 — Malin Il. (6057b), podzim 2009, 1 m*; Moravia: Zdbfeh: 62 — KolSov (6067d),
jaro 2009, 1 ex.

Rozsifeni a ekologie. Siroce rozsiteny holarkticky druh (Rizi¢ka & Schneider, 2004). U
nas velmi hojny hrobafrik (napt. Vysoky 2007). Vyskytuje se predevsim v lesich a mimo
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né zalétad pouze zfidka (napf. Ruzicka 1994, Kocarek & Benko 1997). Ve studovanych
oblastech z poli jen jednotlivé nalezy. Pouze na lokalité Cerveny Domek u Kutné Hory,

kterd je v blizkosti lesa, byl zaznamendn masovy vyskyt.

podceled Silphinae

Oiceoptoma thoracicum (Linnaeus, 1758)

Studovany material. Bohemia: Louny: 26 — Pozden Il. (5749b), jaro 2008, 3 ex.; 28 —
Horesovice Il. (5749b), jaro 2008, 1 ex., [éto 2008, 1 ex.; 38 — Veltéze (5649c), jaro 2009,
1 ex.; 35 — Brezno (5648a), |éto 2009, 1 ex.; 42 — Kresin (5650a), l1éto 2009, 1 ex.; Kutna
Hora: 2 — Kalabousek (6058c), jaro 2008, 1 m*; 3 — Zleby (6058d), jaro 2008, 2 m*m*, 4
f*f*; 7 — Kolin (5957c), jaro 2008, 2 m*m?*, 1 f*; 8 — Stary Kolin I. (5957d), jaro 2008, 1
m*; 9 — Cerveny domek (6057b), jaro 2008, 11 m*m*, 23 f*f*; 12 — Skalka (6057a), jaro
2008, 1 f*; 24 — Malin II. (6057b), jaro 2009, 1 m*; Moravia: Zidlochovice: 56 — Velké
Némcice I. (7065b), jaro 2009, 1 ex.; 59 — Ladna I. (7167c), |éto 2009, 1 ex.; Zdbreh: 67 —
Zvole (6167c), jaro 2009, 1 ex., Iéto 2009, 2 ex.; 62 — KolSov (6067d), |éto 2009, 1 ex.; 72
— Dubicko (6167d), Iéto 2009, 1 ex.

Rozsiteni a ekologie. Transpalearkticky druh, rozsifeny od Evropy po Japonsko (RlZicka
& Schneider, 2004; Razicka et al., 2004). U nas velmi hojny druh (napf. Vysoky 2007,

mapka), vazan predevsim na lesni biotopy (RUzZicka 1994, Kocarek & Benko 1997). Ve

studovanych oblastech v polich jen jednotlivé nélezy.

Phosphuga atrata atrata (Linnaeus, 1758)

Studovany material. Bohemia: Kutnd Hora: 12 — Skalka (6057a), jaro 2008, 2 m*m*;
Moravia: Zidlochovice: 58 — Uher¢ice (7065b), podzim 2009, 1 ex.
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Rozsifeni a ekologie. Transpalearkticky druh, od Evropy aZ do Japonska (RUZicka &
Schneider, 2004). Jedna se o predatora specializovaného na lov ulitnatych plz (Sustek
1981). U nas hojny druh, ale do pasti pada pouze jednotlivé (RlZicka, 1994; Kocarek &

Benko, 1997). Ve dvou studovanych oblastech zachycen jen jednotlivymi nalezy.

Silpha carinata Herbst, 1783

Studovany material. Bohemia: Louny: 26 — Pozden Il. (5749b), jaro 2008, 1 ex.; 28 —
HoresSovice Il. (5749b), l1éto 2008, 1 ex.; 30 — Klobuky (5749b), |éto 2008, 9 ex.; 31 —
Skupice I. (5648c), jaro 2009, 2 ex., |éto 2009, 6 ex., podzim 2009, 2 ex.; 32 — Skupice II.
(5648c), jaro 2009, 2 ex., |éto 2009, 4 ex.; 34 — Postoloprty (5648a), jaro 2009, 6 ex.,
léto 2009, 14 ex., podzim 2009, 2 ex; 41 — Stradonice (5649b), jaro 2009, 2 ex., podzim
2009, 8 ex.; 35 — Bfezno (5648a), l1éto 2009, 4 ex.; 36 — Louny I. (5648b), Iéto 2009, 4
ex., podzim 2009, 2 ex.; 38 — Veltéze (5649c), podzim 2009, 2 ex.; Moravia:
Zidlochovice: 56 — Velké Némcice I. (7065b), jaro 2009, 3 ex., Iéto 2009, 18 ex., podzim
2009, 1 ex.; 58 — Uhercice (7065b), jaro 2009, 1 ex., [éto 2009, 2 ex.; 47 — Medlov
(6965c), l1éto 2009, 1 ex., podzim 2009, 3 ex.; 48 — Kuparovice (6965c), Iéto 2009, 2 ex.,
podzim 2009, 10 ex.; 52 — Pribice (7065a), |éto 2009, 2 ex.; 54 — Pfisnotice (7065b),
podzim 2009, 1 ex.; Zdbfeh: 82 — Mohelnice — sever (6267b), |éto 2009, 2 ex.

Rozsiteni a ekologie. Palearkticky druh, od Evropy (kde chybi pouze ve Spanélsku a
Irsku) na vychodni Sibi¥, do Mongolska a severozapadni Ciny (RiZi¢ka & Schneider,
2004). U nas hojny druh, vyskyt od nizin do hor, v oteviené krajiné i v lesnich
ekosystémech (Vysoky 2007). Ve dvou studovanych oblastech vzacné, v okoli Zabfehu

zachycen jen na jedné lokalité.

Silpha obscura obscura Linnaeus, 1758

Studovany material. Bohemia: Louny: 35 — Bfezno (5648a), jaro 2009, 31 ex., léto

2009, 19 ex., podzim 2009, 1 ex.; 42 — Kfesin (5650a), jaro 2009, 2 ex.; 36 — Louny I.
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(5648b), jaro 2009, 12 ex., [éto 2009, 3 ex., podzim 2009, 2 ex.; 33 — Malnice (5648c),
podzim 2009, 13 ex.; 34 — Postoloprty (5648a), jaro 2009, 2286 ex., |éto 2009, 1553 ex.,
podzim 2009, 28 ex.; 31 — Skupice I. (5648c), jaro 2009, 38 ex., [éto 2009, 351 ex.,
podzim 2009, 1 ex.; 32 — Skupice Il. (5648c), jaro 2009, 3 ex., |éto 2009, 3 ex.; 40 —
Slavétin (5649a), jaro 2009, 1 ex., |éto 2009, 1 ex.; 38 — Veltéze (5649c), jaro 2009, 103
ex., |éto 2009, 7 ex., podzim 2009, 2 ex.; Kutnd Hora: 2 — Kalabousek (6058c), jaro
2008, 1 m*, 1 f*; 5 — Horni Bucice (6058d), jaro 2008, 4 m*m?*, |éto 2008, 3 m*m*, 1 f*;
6 — Bojmany (6058d), jaro 2008, 3 m*m*, 6 f*f*; Moravia: Zidlochovice: 50 — Cvréovice
(6965c), jaro 2009, 17 ex., |éto 2009, 14 ex., podzim 2009, 13 ex.; 48 — Kuparovice
(6965c), jaro 2009, 1 ex., |éto 2009, 8 ex.; 59 — Ladna I. (7167c), podzim 2009, 15 ex.; 60
—Ladna ll. (7267a), jaro 2009, 308 ex., |éto 2009, 208 ex.; 51 — Pohotelice (7064a), jaro
2009, 1 ex.; 52 — Pribice (7065a), jaro 2009, 4 ex., |éto 2009, 32 ex., podzim 2009, 3 ex.;
58 — Uherdice (7065b), jaro 2009, 1 ex.; 56 — Velké Némcice I. (7065b), jaro 2009, 13
ex., |éto 2009, 2 ex.; 46 — Vojkovice (6965b), jaro 2009, 31 ex., |éto 2009, 45 ex.; 53 —
Vranovice (7065b), jaro 2009, 11 ex.; Zdbreh: 72 — Dubicko (6167d), jaro 2009, 1 ex.; 62
— KolSov (6067d), jaro 2009, 1 ex., |éto 2009, 1 ex.; 75 — Lestina (6167b), jaro 2009, 1
ex.; 66 — Rajec (6167a), jaro 2009, 1 ex.; 68 — Vlachov (6167c), jaro 2009, 1 ex.; 64 —
Zabteh —sever (6167a), jaro 2009, 64 ex.

Rozsifeni a ekologie. Palearkticky druh se tfemi poddruhy, od Evropy (kromé Irska) az
na vychodni Sibif, do Mongolska a severozapadni Ciny, jihovychodné aZ na severozapad
Indie (RUzicka & Schneider, 2004). U nas hojné, predevsim v otevienych biotopech
(napf. Vysoky 2007). Ve studovanych oblastech pocetné, v okoli Postoloprt masovy

vyskyt.

Silpha tristis llliger, 1798

Studovany material. Bohemia: Louny: 35 — Bfezno (5648a), jaro 2009, 6 ex., |éto 2009,
10 ex., podzim 2009, 5 ex.; 29 — HoreSovice lll. (5749b), jaro 2008, 1 ex.; 30 — Klobuky
(5749b), jaro 2008, 2 ex.; 42 — Kresin (5650a), jaro 2009, 3 ex., léto 2009, 2 ex.; 36 —
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Louny I. (5648b), podzim 2009, 2 ex.; 37 — Louny Il. (5648b), jaro 2009, 7 ex.; 33 —
Malnice (5648c), podzim 2009, 7 ex.; 34 — Postoloprty (5648a), podzim 2009, 2 ex.; 31 —
Skupice I. (5648c), l1éto 2009, 2 ex.; 32 — Skupice Il. (5648c), jaro 2009, 6 ex., [éto 2009,
9 ex.; 40 — Slavétin (5649a), jaro 2009, 3 ex., [éto 2009, 1 ex.; 41 — Stradonice (5649b),
jaro 2009, 3 ex., podzim 2009, 2 ex.; 38 — Veltéze (5649c), jaro 2009, 3 ex., podzim
2009, 2 ex.; Kutna Hora: 1 — Cirkvice (6058c), jaro 2008, 1 f*; 2 — Kalabousek (6058c),
jaro 2008, 2 m*m*, 1 f*, 1éto 2008, 1 m*, 1 f*; 3 — Zleby (6058d), jaro 2008, 2 m*m*, 6
f*f*, 5 — Horni Bucice (6058d), jaro 2008, 7 m*m*, 8 f*f*; 6 — Bojmany (6058d), jaro
2008, 15 m*m*, 24 f*f*; 8 — Stary Kolin I. (5957d), jaro 2008, 1 m*; 9 — Cerveny domek
(6057b), jaro 2008, 2 f*f*; 11 — Malin I. (6057a), jaro 2008, 2 m*m*; 13 — Hluboky ddl
(5957c), jaro 2009, 1 m*; 16 — Hlizov (6057b), jaro 2009, 4 f*f*, podzim 2009, 2 m*m#*;
19 — Chotusice (6058a), jaro 2009, 2 f*f*; 21 — Vycapy (6058d), 1éto 2009, 1 m*, 1 f*; 22
—Vrdy Il. (6058d), jaro 2009, 3 m*m#*, 2 f*f*; 23 — Vinice (6058d), jaro 2009, 1 f*;
Moravia: Zidlochovice: 50 — Cvréovice (6965c), podzim 2009, 1 ex.; 45 — Holasice
(6965b), podzim 2009, 5 ex.; 48 — Kuparovice (6965c), podzim 2009, 1 ex.; 59 — Ladna I.
(7167c), podzim 2009, 1 ex.; 60 — Ladna Il. (7267a), jaro 2009, 27 ex., |éto 2009, 14 ex.;
Zabreh: 72 — Dubicko (6167d), 1éto 2009, 22 ex., podzim 2009, 3 ex.; 62 — KolSov
(6067d), jaro 2009, 6 ex., [éto 2009, 5 ex.; 76 — Lestina — zdpad (6167a), jaro 2009, 2 ex.,
léto 2009, 7 ex., podzim 2009, 1 ex.; 80 — Lukavice (6167d), |éto 2009, 1 ex.; 83 —
Mohelnice — vychod (6267b), podzim 2009, 7 ex.; 74 — Novy Dvir (6167b), podzim
2009, 2 ex.; 66 — Rajec (6167a), jaro 2009, 1 ex.; 73 — Sudkov — jih (6067d), jaro 2009, 5

ex.; 84 — Trestina — severozdpad (6167d), podzim 2009, 1 ex.

Rozsifeni a ekologie. Zapadopalearkticky druh, vétdina Evropy, Turecko a Iran (Rzi¢ka
& Schneider, 2004). U nas hojné, preferuje spise vlihké oteviené biotopy (napf. Vysoky
2007; J. Strejcek (Praha), nepubl.). Ve studovanych oblastech rozsiteny, ale vétSinou

zachycen jen jednotlivymi nélezy.
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Thanatophilus rugosus (Linnaeus, 1758)

Studovany material. Bohemia: Louny: 35 — Bfezno (5648a), jaro 2009, 3 ex., |éto 2009,
7 ex., podzim 2009, 10 ex.; 27 — Horesovice I. (5749b), jaro 2008, 92 ex.; 28 —
Horesovice Il. (5749b), jaro 2008, 1 ex., |éto 2008, 12 ex., podzim 2008, 7 ex.; 29 —
Horesovice lll. (5749b), jaro 2008, 28 ex., podzim 2008, 2 ex.; 30 — Klobuky (5749b), jaro
2008, 3 ex., |éto 2008, 12 ex.; 42 — Kresin (5650a), jaro 2009, 32 ex., léto 2009, 58 ex.,
podzim 2009, 3 ex.; 36 — Louny |. (5648b), jaro 2009, 9 ex., [éto 2009, 3 ex., podzim
2009, 16 ex.; 37 — Louny Il. (5648b), jaro 2009, 6 ex., [éto 2009, 3 ex., podzim 2009, 6
ex.; 33 — Malnice (5648c), jaro 2009, 4 ex.; 39 — Pocedélice (5649a), jaro 2009, 6 ex.,
léto 2009, 14 ex., podzim 2009, 2 ex.; 34 — Postoloprty (5648a), jaro 2009, 11 ex., léto
2009, 70 ex., podzim 2009, 56 ex.; 25 — Pozden I. (5749d), jaro 2008, 3 ex., podzim
2008, 35 ex.; 26 — Pozden Il. (5749b), jaro 2008, 11 ex., |éto 2008, 27 ex., podzim 2008,
9 ex.; 31 — Skupice I. (5648c), jaro 2009, 16 ex., [éto 2009, 15 ex.; 32 — Skupice Il.
(5648c), jaro 2009, 8 ex., léto 2009, 24 ex.; 40 — Slavétin (5649a), jaro 2009, 2 ex., léto
2009, 32 ex.; 41 — Stradonice (5649b), jaro 2009, 23 ex., podzim 2009, 127 ex.; 38 —
VeltéZe (5649c), jaro 2009, 11 ex., l[éto 2009, 42 ex., podzim 2009, 18 ex.; Kutnd Hora: 1
— Cirkvice (6058c), jaro 2008, 3 m*m?*, 1 f*, podzim 2008, 2 f*f*; 2 — Kalabousek
(6058c), jaro 2008, 13 m*m*, 6 f*f*, [éto 2008, 1 m*, podzim 2008, 4 m*m?*, 3 f*f*; 3 —
Zleby (6058d), jaro 2008, 2 m*m*, 4 f*f*; 4 — Vrdy I. (6058d), |éto 2008, 2 f*f*, podzim
2008, 4 m*m*, 3 f*f*; 5 — Horni Bucice (6058d), jaro 2008, 1 m*, Iéto 2008, 2 m*m*, 3
f*f*, podzim 2008, 1 m*, 1 f*; 6 — Bojmany (6058d), podzim 2008, 4 m*m*, 1 f*; 8 —
Stary Kolin I. (5957d), jaro 2008, 5 m*m*, 5 f*f*, 1éto 2008, 2 m*m?*, 2 f*f*; 9 — Cerveny
domek (6057b), jaro 2008, 26 m*m*, 17 f*f*, podzim 2008, 4 m*m?*, 3 f*f*; 10 — Nové
Dvory I. (6058a), jaro 2008, 8 m*m*, 3f*f* |éto 2008, 1 f*, podzim 2008, 4 m*m*, 7
f*f*; 11 — Malin I. (6057a), jaro 2008, 1 m*, 1 f*; [éto 2008, 3 m*m*, 1 f*, podzim 2008,
1 m*, 3 f*f*; 12 — Skalka (6057a), jaro 2008, 9 m*m*, 5 f*f*.; 13 — Hluboky d(l (5957c),
jaro 2009, 1 m*, 4 f*f*, podzim 2009, 4 m*m?*, 5 f*f*; 14 — Stary Kolin Il. (5957b), jaro
2009, 2 m*m*, 5 f*f*, |éto 2009, 1 f*, podzim 2009, 16 m*m*, 8 f*f*; 15 — Libenice
(6057b), jaro 2009, 5 m*m?*, 5 f*f*; 16 — Hlizov (6057b), jaro 2009, 8 m*m*, 7 f*f*,
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podzim 2009, 21 m*m?*, 17 f*f*; 17 — Nové Dvory Il. (6057b), jaro 2009, 6 m*m*, 9
f*f*, [éto 2009, 12 m*m*, 11 f*f*, podzim 2009, 2 m*m?*, 2 f*f*; 18 — Chotusice —
letiSté (6058a), jaro 2009, 9 m*m*, 8 f*f*, |éto 2009, 1 f*, podzim 2009, 4 m*m*, 4
f*f*; 19 — Chotusice (6058a), jaro 2009, 17 m*m?*, 7 f*f*, |éto 2009, 2 m*m*, 1 f*,
podzim 2009, 13 m*m*, 14 f*f*; 20 — Druhanice (6058d), jaro 2009, 2 m*m#*; 21 —
Vycapy (6058d), jaro 2009, 4 m*m*, 4 f*f*, podzim 2009, 2 m*m*; 22 — Vrdy Il
(6058d), jaro 2009, 4 m*m*, 3 f*f*, 1éto 2009, 1 m*; 23 — Vinice (6058d), jaro 2009, 1
f*; 24 — Malin Il. (6057b), jaro 2009, 1 m*, 2 f*f*, podzim 2009, 10 m*m?*, 8 f*f*;
Moravia: Zidlochovice: 50 — Cvréovice (6965c), jaro 2009, 13 ex., podzim 2009, 28 ex.;
45 — Holasice (6965b), jaro 2009, 4 ex., |éto 2009, 2 ex.; 48 — Kuparovice (6965c), jaro
2009, 4 ex.; 59 — Ladna I. (7167c), podzim 2009, 3 ex.; 60 — Ladna Il. (7267a), jaro 2009,
13 ex.; 47 — Medlov (6965c), jaro 2009, 4 ex., Iéto 2009, 1 ex., podzim 2009, 1 ex.; 44 —
Modfice (6865d), jaro 2009, 3 ex., podzim 2009, 1 ex.; 55 — Nosislav (6965d), jaro 2009,
1 ex.; 49 — Odrovice (6965c), jaro 2009, 10 ex.; 51 — Pohoftelice (7064a), jaro 2009, 12
ex.; 52 — Pribice (7065a), jaro 2009, 29 ex., léto 2009, 5 ex., podzim 2009, 2 ex.; 54 —
Ptisnotice (7065b), jaro 2009, 12 ex., podzim 2009, 4 ex.; 43 — RebeSovice (6865d), jaro
2009, 3 ex., podzim 2009, 1 ex.; 58 — Uhercice (7065b), jaro 2009, 38 ex.; 56 — Velké
Némcice I. (7065b), jaro 2009, 38 ex., [éto 2009, 3 ex., podzim 2009, 45 ex.; 57 — Velké
Némdcice Il. (7066a), jaro 2009, 4 ex., Iéto 2009, 1 ex., podzim 2009, 22 ex.; 46 —
Vojkovice (6965b), jaro 2009, 7 ex.; 53 — Vranovice (7065b), jaro 2009, 57 ex., podzim
2009, 21 ex.; Zabreh: 72 — Dubicko (6167d), jaro 2009, 1 ex.; 75 — Lestina (6167b), jaro
2009, 1 ex.; 81 — Libiva — vychod (6167d), jaro 2009, 2 ex.; 80 — Lukavice (6167d),
podzim 2009, 4 ex.; 82 — Mohelnice — sever (6267b), jaro 2009, 1 ex.; 83 — Mohelnice —
vychod (6267b), jaro 2009, 4 ex.; 66 — Rajec (6167a), jaro 2009, 3 ex.; 71 — Trestina
(6267b), jaro 2009, 2 ex.; 68 — Vlachov (6167c), jaro 2009, 2 ex.; 78 — Zabreh (6167a),
jaro 2009, 1 ex.; 64 — Zabreh — sever (6167a), jaro 2009, 1 ex.

Rozsifeni a ekologie. Transpalearkticky druh, rozsiteny od Evropy do Japonska, véetné

velké &asti Ciny (RaZitka & Schneider, 2004). U nés hojny druh (napf. Vysoky 2007,
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mapka), preferujici oteviené biotopy (RGZicka, 1994; Kocarek & Benko, 1997). Ve

studovanych oblastech rozsiteny druh, ¢asto pocetné nalezy.

Thanatophilus sinuatus (Fabricius, 1775)

Studovany material. Bohemia: Louny: 35 — Bfezno (5648a), jaro 2009, 301 ex., |éto
2009, 78 ex., podzim 2009, 39 ex.; 27 — HoreSovice |. (5749b), jaro 2008, 1983 ex.; 28 —
HoresSovice Il. (5749b), jaro 2008, 504 ex., Iéto 2008, 582 ex., podzim 2008, 5 ex.; 29 —
HoresSovice lll. (5749b), jaro 2008, 1084 ex.; 30 — Klobuky (5749b), jaro 2008, 342 ex.,
léto 2008, 537 ex., podzim 2008, 1 ex.; 42 — Kfesin (5650a), jaro 2009, 1112 ex., léto
2009, 943 ex., podzim 2009, 3 ex.; 36 — Louny |. (5648b), jaro 2009, 743 ex., |éto 2009,
174 ex., podzim 2009, 39 ex.; 37 — Louny Il. (5648b), jaro 2009, 267 ex., |éto 2009, 54
ex., podzim 2009, 36 ex.; 33 — Malnice (5648c), jaro 2009, 208 ex., podzim 2009, 5 ex.;
39 — Pocedélice (5649a), jaro 2009, 372 ex., |éto 2009, 479 ex., podzim 2009, 3 ex.; 34 —
Postoloprty (5648a), jaro 2009, 1081 ex., |éto 2009, 538 ex., podzim 2009, 31 ex.; 25—
Pozden I. (5749d), jaro 2008, 601 ex., podzim 2008, 25 ex.; 26 — Pozden Il. (5749b), jaro
2008, 1074 ex., |éto 2008, 799 ex., podzim 2008, 6 ex., 31 — Skupice I. (5648c), jaro
2009, 408 ex., [éto 2009, 169 ex.; 32 — Skupice Il. (5648c), jaro 2009, 340 ex., |éto 2009,
411 ex.; 40 — Slavétin (5649a), jaro 2009, 327 ex., |éto 2009, 497 ex.; 41 — Stradonice
(5649b), jaro 2009, 632 ex., podzim 2009, 62 ex.; 38 — Veltéze (5649c), jaro 2009, 940
ex., |éto 2009, 742 ex., podzim 2009, 36 ex.; Kutnd Hora: 1 — Cirkvice (6058c), jaro
2008, 50 m*m*, 49 f*f*, podzim 2008, 1 f*; 2 — Kalabousek (6058c), jaro 2008, 140
m*m*, 186 f*f*, 1éto 2008, 451 m*m*, 338 f*f*, podzim 2008, 6 m*m*, 1 f*; 3 — Zleby
(6058d), jaro 2008, 268 m*m*, 462 f*f*, |éto 2008, 108 m*m*, 87 f*f*; 4 — Vrdy .
(6058d), jaro 2008, 17 m*m*, 12 f*f*, |éto 2008, 2 m*m*, podzim 2008, 6 m*m*, 1 f*;
5 — Horni Bucice (6058d), jaro 2008, 38 m*m#*, 41 f*f*, |éto 2008, 161 m*m*, 157 f*f*,
podzim 2008, 2 m*m*, 4 f*f*; 6 — Bojmany (6058d), jaro 2008, 43 m*m*, 19 f*f*,
podzim 2008, 5 m*m*, 7 f*f*; 7 — Kolin (5957c), jaro 2008, 3 m*m*, 1 f*; 8 — Stary Kolin
I. (5957d), jaro 2008, 208 m*m*, 244 f*f*, 1éto 2008, 212 m*m*, 218 f*f*, podzim
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2008, 1 m*, 2 f*f*; 9 — Cerveny domek (6057b), jaro 2008, 85 m*m*, 107 f*f*, léto
2008, 9 m*m*, 6 f*f*, podzim 2008, 2 m*m?*, 8 f*f*, 10 — Nové Dvory I. (6058a), jaro
2008, 173 m*m*, 248 f*f*, 1éto 2008, 23 m*m?*, 32 f*f*, podzim 2008, 1 m*, 2 f*f*; 11
— Malin I. (6057a), jaro 2008, 133 m*m*, 87 f*f*, [éto 2008, 114 m*m*, 72 f*f*, podzim
2008, 4 m*m*, 7 f*f*; 12 — Skalka (6057a), jaro 2008, 66 m*m*, 81 f*f*, [éto 2008, 2
m*m¥*, podzim 2008, 2 m*m*, 3 f*f*; 13 — Hluboky dul (5957c), jaro 2009, 178 m*m?*,
274 £*f*, |éto 2009, 106 m*m*, 97 f*f*, podzim 2009, 1 f*; 14 — Stary Kolin Il. (5957b),
jaro 2009, 294 m*m#*, 309 f*f*, Iéto 2009, 16 m*m*, 5 f*f*, podzim 2009, 4 m*m*, 5
f*f*, 15 — Libenice (6057b), jaro 2009, 137 m*m?*, 147 f*f*, |éto 2009, 2 m*m*, 6 f*f*;
16 — Hlizov (6057b), jaro 2009, 376 m*m*, 486 f*f*, podzim 2009, 12 m*m*, 5 f*f*; 17
— Nové Dvory Il. (6057b), jaro 2009, 275 m*m?*, 251 f*f*, |éto 2009, 1337 m*m*, 1081
f*f*, podzim 2009, 1 f*, 1 m*; 18 — Chotusice — letisté (6058a), jaro 2009, 694 m*m*,
949 f*f*, [éto 2009, 2 m*m*, 5 f*f*, podzim 2009, 4 m*m?*, 5 f*f*; 19 — Chotusice
(6058a), jaro 2009, 747 m*m#*, 923 f*f*, Iéto 2009, 471 m*m?*, 388 f*f*, podzim 2009,
10 m*m*, 7 f*f*; 20 — Druhanice (6058d), jaro 2009, 103 m*m#*, 151 f*f*, |éto 2009, 69
m*m#*, 52 f*f*; 21 — Vycapy (6058d), jaro 2009, 400 m*m*, 457 f*f*, |éto 2009, 5
m*m#*, 4 £*f*, podzim 2009, 12 m*m?*, 10 f*f*; 22 — Vrdy Il. (6058d), jaro 2009, 357
m*m#*, 432 f*f*, 1éto 2009, 297 m*m?*, 253 f*f*; 23 — Vinice (6058d), jaro 2009, 405
m*m#*, 576 f*f*; 24 — Malin Il. (6057b), jaro 2009, 308 m*m?*, 286 f*f*, podzim 2009, 9
m*m*, 8 f*f*; Moravia: Zidlochovice: 50 — Cvréovice (6965c), jaro 2009, 558 ex., |éto
2009, 40 ex., podzim 2009, 12 ex.; 45 — Holasice (6965b), jaro 2009, 193 ex., |[éto 2009,
86 ex.; 48 — Kuparovice (6965c), jaro 2009, 118 ex. léto 2009, 11 ex., podzim 2009, 1
ex.; 59 —Ladnd I. (7167c), jaro 2009, 3 ex., |éto 2009, 7 ex., podzim 2009, 1 ex.; 60 —
Ladna Il. (7267a), jaro 2009, 169 ex., Iéto 2009, 68 ex.; 47 — Medlov (6965c), jaro 2009,
130 ex., |éto 2009, 30 ex.; 44 — Modfrice (6865d), jaro 2009, 331 ex., |éto 2009, 6 ex.,
podzim 2009, 1 ex.; 55 — Nosislav (6965d), jaro 2009, 10 ex., |éto 2009, 4 ex.; 49 —
Odrovice (6965c), jaro 2009, 11 ex., Iéto 2009, 17 ex., podzim 2009, 2 ex.; 51 —
Pohorelice (7064a), jaro 2009, 60 ex., Iéto 2009, 5 ex.; 52 — Ptibice (7065a), jaro 2009,
439 ex., léto 2009, 1036 ex., podzim 2009, 1 ex.; 54 — Pfisnotice (7065b), jaro 2009, 230
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ex., |éto 2009, 2 ex., podzim 2009, 3 ex.; 43 — RebesSovice (6865d), jaro 2009, 528 ex.,
léto 2009, 289 ex., podzim 2009, 2 ex.; 58 — Uhercice (7065b), jaro 2009, 340 ex.; 56 —
Velké Némcice I. (7065b), jaro 2009, 194 ex., Iéto 2009, 121 ex., podzim 2009, 1 ex.; 57
—Velké Némcice Il. (7066a), jaro 2009, 83 ex., Iéto 2009, 8 ex., podzim 2009, 5 ex.; 46 —
Vojkovice (6965b), jaro 2009, 229 ex., |éto 2009, 204 ex.; 53 — Vranovice (7065b), jaro
2009, 304 ex., [éto 2009, 6 ex., podzim 2009, 7 ex.; Zdbreh: 72 — Dubicko (6167d), jaro
2009, 360 ex., [éto 2009, 1 ex., podzim 2009, 2 ex.; 62 — KolSov (6067d), jaro 2009, 60
ex.; 75 — Lestina (6167b), jaro 2009, 114 ex., |éto 2009, 77 ex.; 76 — LeStina — zapad
(6167a), jaro 2009, 3 ex.; |éto 2009, 10 ex.; 69 — Libiva (6267a), jaro 2009, 44 ex.; 81 —
Libivd — vychod (6167d), jaro 2009, 244 ex.; 80 — Lukavice (6167d), lIéto 2009, 34 ex.,
podzim 2009, 30 ex.; 70 — Mohelnice (6267b), jaro 2009, 38 ex.; 82 — Mohelnice — sever
(6267b), jaro 2009, 152 ex.; 83 — Mohelnice — vychod (6267b), jaro 2009, 114 ex., |éto
2009, 1 ex.; 74 — Novy Dvlr (6167b), jaro 2009, 7 ex.; 66 — Rajec (6167a), jaro 2009, 455
ex., |éto 2009, 2 ex.; 73 — Sudkov —jih (6067d), jaro 2009, 15 ex., podzim 2009, 3 ex.; 71
— Trestina (6267b), jaro 2009, 212 ex.; 84 — Trestina — severozapad (6167d), jaro 2009, 2
ex., podzim 2009, 11 ex.; 68 — Vlachov (6167c), jaro 2009, 413 ex.; 78 — Zabieh (6167a),
jaro 2009, 241 ex.; 64 — Zabieh — sever (6167a), jaro 2009, 93 ex.; 67 — Zvole (6167c),
jaro 2009, 29 ex.

Rozsifeni a ekologie. Transpalearkticky druh, od Evropy a severu Afriky do Japonska,
véetné velké ¢€asti Ciny (RaZicka & Schneider, 2004). U ndas velmi hojny druh (napF.
Vysoky 2007, mapka), preferujici oteviené biotopy (RUzicka 1994, Kocarek & Benko

1997). Ve studovanych oblastech vétsinou velmi pocetné nalezy.
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Obr. 2—4. Habitus vzacnéjsich druhl hrobatikl, dorzalné: 2 — Nicrophorus germanicus
(Linnaeus, 1758), 3 — N. antennatus (Reitter, 1884), 4 — N. sepultor Charpentier 1825.
Figs 2—4. Habitus of rare burying beetle species, dorsal view: 2 — Nicrophorus
germanicus (Linnaeus, 1758), 3 — N. antennatus (Reitter, 1884), 4 — N. sepultor
Charpentier 1825.

C.4 Diskuse

Tri zjisténé vzacnéjsi druhy hrobatik( (Nicrophorus antennatus, N. germanicus a N.
sepultor) maji spolecné to, Ze se jedna o druhy preferujici otevienou krajinu. Zrejmé se
primarné jedna o druhy stepni ¢i obecné xerofilni, pocetnéjsi na jihu Ruska (napfr.
Pushkin 2002, Pushkin & Shapovalov 2011). V podminkach stfedni Evropy pro né

kulturni stepi polnich ekosystémU mohou predstavovat ndhradni biotopy.

Dalsi dva druhy oteviené krajiny, které jsou vzacné ve stfedni Evropé, nebyly v nasi

studii zachyceny. Jedna se o druh Thanatophilus dispar (Herbst, 1793), palearkticky

druh mrchozZrouta preferujiciho biom tundry, ktery se ve stfedni Evropé recentné

vyskytuje v Némecku (shrnuje Kohler & Klausnitzer 1998) a v Polsku (napf.

Aleksandrowicz & Komosiriski 2005). Tento druh byl historicky hld$en v CR z Moravy —
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konkrétni nalezy byly publikovany napf. z okoli Nakla (6368) (Novak 1966) a Litovle
(6268-6368) (Kocarek 1997). V Cechach zndme pouze jednotlivé starsi nalezy (J.

RGZi¢ka, nepubl.). Recentné nebyl na tzemi CR nalezen.

Druhym druhem, ktery se nam nepodafilo zachvytit, je Nicrophorus vestigator Herschel,
1807. Tento hrobafik je morfologicky velmi podobny druhu N. antennatus (Sustek
1981). Celkové je u nas hodnocen jako fidce se vyskytujici (Sustek 1981). Hojné nélezy
(za dva roky vice nez 200 ex.) z Chvalkovic (6369) uvadi z prelomu 50. a 60. let Novak
(1962). Jednotlivé nalezy z okoli Nakla (6368) a Drahanovic (6468) v Olomouckém
okrese z téze doby zminiuje Novak (1961, 1965). Novak (1962: 289) diskutuje také

moznou vazbu tohoto druhu na lehké, pisCité a propustnéjsi pidy.
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C.6 English summary

This study presents distribution data for beetles of the family Silphidae, collected

during ecological studies in the vicinities of Louny, Kutna Hora, Zab¥eh and Zidlochovice
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(Fig. 1). These areas are warm lowlands with two different soil-types (loess and

fluvisols).

Beetles were collected using 420 pitfall traps with a 1:1 water: ethylene glycol solution,

and baited with ripe cheese and fish.

Traps were placed in lines of five on fields at least 50 m from the ecotone and 20 m
from each other. Traps were left for two weeks, and only in spring 2008 was this
extended to three weeks because of cold weather. Traps were placed in 84 localities. In

total, 71 234 individuals of 15 species were collected and determined.

Specimens were determined using keys by Sustek (1981). Doubtful specimens were
examined and confirmed by Jan RdZi¢ka. All material is housed in the collection of Jan

Razicka, except samples from Kutna Hora, which are in the collection of Pavel Jakubec.

The list of localities is divided by place and year of collection. It includes serial number,
name of closest habitation, faunistic map code, GPS coordinates of the centre of the

trap line and scientific name of the crop-plant surrounding the trap.

Detailed comments are given below on three endangered species, listed in the local

Red List of Invertebrates (RGzZicka 2005b):

(1) Nicrophorus antennatus (Reitter, 1884) is a Palaearctic species, widely distributed
throughout Europe (except Scandinavia and Great Britain), in Asia it is known from
Turkey up to Kashmir and north-western China (R0Zicka & Schneider 2004). In the
Czech Republic, the species is known only from several older records from Bohemia
and Moravia (J. ROZi¢ka, unpubl.). Novak (1961, 1965) reported abundance of this
species in the 1950/60s in northern Moravia near Naklo (6368) and Drahanovice
(6468), but only rarely near Chvalkovice (6369), all in the vicinity of Olomouc. Recently,
abundant occurrence was registered in Bohemia, near Zaboviesky nad Oh#i (5550) (J.
Razicka, unpubl.). In the Czech Republic, N. antennatus is evaluated as vulnerable (VU)
in the local Red list (RGzZicka 2005b). Novak (1962) reported abundant occurrence of N.

antennatus in open landscape, linked with loess soils. We only recorded it in two of the

studied regions (Louny and Zidlochovice) (Table 1).
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(2) Nicrophorus germanicus (Linnaeus, 1758) is a western Palaearctic species,
distributed from Europe through Turkey, southern Russia and Iran up to Turkmenistan
(Razicka & Schneider 2004). In the Czech Republic, abundant older records are known
from Bohemia and Moravia (J. RGZi¢ka, unpubl.). Novak (1961, 1962, 1965) reported
this species as abundant in 1950/60s in northern Moravia near Naklo (6368),
Chvalkovice (6369) and Drahanovice (6468), and less abundant near Lhota nad
Moravou (6368), all in the vicinity of Olomouc. Recently it has only been rarely
reported, but we are aware of at least two additional localities with recent abundant
occurrence — Zaboviesky nad Ohfi (5550) in Bohemia and near Kyjov (7068) in Moravia.
In both cases, the habitats consist mostly of meadows (J. RiZi¢ka, unpubl.). In the Czech
Republic, like the previous species, N. germanicus is listed as vulnerable (VU) in the
local Red list (RazZicka 2005b). Novak (1962) reported N. germanicus as abundant in
open landscape, on warmer localities with loessy soils. Here, we recorded the species
as abundant in two regions (Louny, Zidlochovice), with only a single record around

Zabreh (Table 1).

(3) Nicrophorus sepultor Charpentier, 1825 is a Palaearctic species, widely distributed
from Europe to Mongolia, eastern Siberia and north-western China (RGZicka &
Schneider 2004). In the Czech Republic, individual older and/or recent records are
known from Bohemia and Moravia (Vysoky 2007; J. RGZicka, unpubl.). Novak (1961,
1962, 1965) reported this species as abundant in 1950/60s in northern Moravia near
Naklo (6368), Lhota nad Moravou (6368) and Drahanovice (6468), and less abundant
near Chvalkovice (6369), all in the vicinity of Olomouc. Recently, only isolated records
from the Czech Republic are known (e.g., records from Usti nad Labem region are
summarized by Vysoky (2007)). We know of two localities with recent abundant
occurrence of N. sepultor in Bohemia — around Zaboviesky nad Ohfi (5550) and
Kostelec nad Cernymi lesy (6055); both habitats consist mostly of meadows (J. RiiZi¢ka,
unpubl.). In the Czech Republic, N. sepultor is evaluated as near threatened (NT) in the
local Red list (RGZicka 2005b). Records are mostly from open landscapes, including
colder habitats (Vysoky 2007; J. Razicka, unpubl.). Novak (1962) linked its occurrence to
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habitats with loessy soils. Vysoky (2007) also mentioned records on the margins of
forested habitats. Here, we recorded the species relatively abundantly in three regions
(Louny, Kutnad hora, Zidlochovice); two specimens were found at a single locality

around Zabreh (Table 1).

A further two species of carrion beetles, found rarely in open landscapes in central
Europe, were not recorded in our study. The first such species is Thanatophilus dispar
(Herbst, 1793), with a Palaearctic distribution and a preference for tundra biome, with
recent occurrence in central Europe in Germany (distribution reviewed by Koéhler &
Klausnitzer 1998) and Poland (e.g., Aleksandrowicz & Komosinski 2005). This species
was historically reported in the Czech Republic from Moravia — with confirmed records
near Naklo (6368) (Novak 1966) and Litovel (6268—6368) (Kocarek 1997). In Bohemia,
only several old records are known (J. RGzicka, unpubl.). There are no recent records of

T. dispar from the Czech Republic.

The other species not recorded in our study, is Nicrophorus vestigator Herschel, 1807.
This burying beetle is morphologically very similar to N. antennatus (Sustek 1981).
Generally, it is regarded as rare in the Czech Republic (Sustek 1981). Novédk (1962)
reported it as abundant (more than 200 specimens over a two year period of pitfall
trapping) in 1950/1960s in northern Moravia near Chvalkovice (6369). Single records
from Naklo (6368) and Drahanovice (6468) (all in surrounding of Olomouc) from the
same period were recorded by Novak (1961, 1965). Novak (1962: 289) discussed a
possible preference of N. vestigator for habitats with light, sandy and more permeable

soil.

In central Europe, field ecosystems can regarded as substitute habitats for species of
open landscape carrion beetles. Most of them are primarily steppe or more generally,
xerophilous species, more abundant in southern Russia (e.g., Pushkin 2002, Pushkin &

Shapovalov 2011).
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4. Principal conclusions of the thesis

European necrophagous species are overlooked, but they deserve much more
attention, because they play major role in nutrient cycling, and information about their
ecology and evolution can have great impact on applied fields of science like forensic
entomology and nature protection (Lomolino et al., 1995; Lomolino & Creighton, 1996;
Ratcliffe, 1996; Begon et al., 2006; Looney et al., 2009; Crawford & Hoagland, 2010;
Midgley et al., 2010; Jurzenski et al., 2014; Houston et al., 2015).

During the field work on article A and C, we captured and identified 15 species of
Central European carrion beetles. Three of which are currently considered as rare and
are on the Czech Red List of Invertebrates as Endangered (Nicrophorus antennatus and
N. germanicus) or Nearly Endangered (N. sepultor) (Rzicka, 2005). The last ecological
studies of these species in Europe were done almost 50 years ago when they were

probably much more common (Novak, 1966; Petruska, 1968).

The most frequently observed species was Thanatophilus sinuatus, whose dominance
was overshadowed by N. vespillo and T. rugosus, but only in autumn. All these species
seem to be very common in open landscape habitats and our findings confirm the
earlier observations of Novak, (1962, 1965, 1966) and Petruska (1964). Both species of
genus Thanatophilus are therefore fairly common in the Czech Republic and they visit

regularly the carcasses of large animals.

T. sinuatus and T. rugosus are considered to be co-occurring species without spatially
or temporally differentiated niches (Novdk, 1966). The higher abundance of T. rugosus

in autumn samples could indicate a temporal niche differentiation.

All these traits could be used in forensic entomology, but larval identification, instar
determination and thermal summation models are not established for them yet. In
contrast, successful case report of estimation of PMI based on closely related African
species of genus Thanatophilus (T. mutilatus and T. micans) was published last year

(Ridgeway et al., 2014). These species were only recently studied and proposed
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thermal summation models made them available for use in forensic entomology
(Midgley & Villet, 2009a; Ridgeway et al., 2014). T. sinuatus and T. rugosus are showing

similar qualities and options for future research looks very promising.

We were able to show in the article A that the abundance of seven of the carrion
beetles (N. antennatus, N. germanicus, N. humator, N. interruptus, N. sepultor, Silpha
obscura obscura and T. sinuatus) differed significantly in areas with chernozem and
fluvisol soils, and therefore soil type is an important factor in determining the
occurrence of these carrion beetles. Our findings are supported by the results of the

CCA analysis and Wilcoxon rank-sum tests (article A).

CCA analysis in article A also revealed that the factors that are significantly associated
with the species composition are both soil types (chernozem and fluvisol) and also
three crops (Zea mays, Hordeum vulgare and Heliantus annus). The association
between the abundance of the carrion beetles and these crops is very interesting and
we did not expect such a relationship. We think that it could be due to the
microclimatic conditions in fields with these crops. Based on our experience, Z. mays
provides much more humid and cooler environment than H. vulgare and H. annus.

Further study is needed to reveal causality.

Association between abundance of Nicrophorinae and soil characteristics was assumed
by many authors (Pukowski, 1933; Paulian, 1946; Theodorides & Heerdt, 1952; Novak,
1961, 1962). Heretofore, this phenomenon was empirically proven only for North
American species (Muths, 1991; Bishop et al., 2002; Looney et al., 2009), where the
association of beetles of the subfamily Silphinae with a particular soil was previously

reported by Bishop et al. (2002).

However, burying beetles are good fliers and can cover long distances, they mostly
choose to stay close to their original locations (e.g., Nicrophorus americanus, which is a
relatively large and robust beetle, is capable of flying as far as 7.41 km in a single night,
but more typically travels less than 1.6 km/night) (Jurzenski et al., 2011). Limited

mobility coupled with adaptation to local conditions could cause the observed spatial
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structure rather than individual habitat choice (preferential colonization). This is also in
line with general local adaptation hypotheses (Alstad, 1998). It is also possible that the
abundances of those species are different throughout their distribution area, as

pointed out by Scott (1998).

Among other species, which were more abundant on cernozem, we also identified
three endangered species (N. antennatus, N. germanicus and N. sepultor). Our finding
can help in actions towards the conservation of these species, which is currently not a
topical issue in the Czech Republic and Europe generally, but these beetles are
charismatic and could become a widely accepted flagship species for stakeholders and
policymakers, as indicated by the public interest in and the vast number of studies on
the American burying beetle (N. americanus) (e.g., Anderson, 1982b; Lomolino et al.,
1995, 1999; Lomolino & Creighton, 1996; Bedick et al., 1999, 2004; Szalanski et al.,
2000; Sikes & Raithel, 2002; Bishop et al., 2002; Walker & Hoback, 2007; Crawford &
Hoagland, 2010; Jurzenski et al., 2011, 2014; Black, 2012; Hall et al., 2015; Houston et
al., 2015).

The article B provides parameter estimates of thermal summation model of
Sciodrepoides watsoni together with new character for instar determination. S. watsoni
is very common necrophagous beetle (Rlzicka, 1994, 2000; GBIF, 2015), which occurs
across Holarctic region (Peck & Cook, 2002; Perreau, 2004). This species was offered as
possibly useful for forensic entomology by Schilthuizen et al. (2011). This view was
recently challenged by Kilian & Madra (2015), but unfortunately they did not show any

evidence to support their claim that this species is irrelevant for forensic entomology.

The mean development time decreased with increasing temperature (article B, Fig. 6),
except for L2 and L3 instars in the 25°C treatment. This might indicate that between
21°C and 25°C should be an optimal temperature for the development of these two
stages. Optimal temperatures for lower stages are probably even higher. This agrees

with findings of Engler (1981), who reported S. watsoni as warm season species in
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contrast to some species of Choleva and Catops that prefers to breed during the winter

season and their optimal temperatures for development were below 16°C.

During the breeding we observed very high levels of mortality in later stages of
development (third larval instar and pupae). It is more likely that separation from other
larvae and adults was the reason for this phenomenon. Peck (1975) mentioned that
Ptomaphagus hirtus (Tellkampf, 1844) (Leiodidae: Cholevinae: Ptomaphagini) needed
soil from the cave of its origin to successfully complete the development. Soil bacteria
probably played some part in this process, because specimens did not develop on
autoclaved soil (Peck, 1975). It is possible that adults feeding along with larvae could
provide such bacteria in our case. Another explanation could be that feeding of

multiple individuals is much more effective or improves the quality of the food source.

Methodology of measuring the size of the instars of S. watsoni was based on continual
observation of individuals from egg until pupation. This approached differs from other
studies with similar goals (see Veldsquez & Viloria, 2010; Fratczak & Matuszewski,
2014), where authors tried to estimate the stage of development based on the size of
selected characters without prior knowledge of the true stage of the specimen. This
approach is from my point of view a little bit problematic, because those measured
characters are correlated, therefore bigger larvae could be misidentified as higher
instar than they really are. This bias would probably not affect the obtained mean

values, but it would give distorted picture about variation.

| found an overlap in the head width between of all instars. This is especially true for
the first and second instar, but measuring more, probably correlated, characters would
not solve the problem. The first instar larva has only primary setae on its body, but
after molt to the second instar a secondary set of setae will emerge and they are
present unchanged also in the third instar. Thus chaetotaxy can be used for the
discrimination of the first and second instar larvae. For additional differential diagnosis

of those morphological characters, see Kilian & Madra (2015).
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The article B established developmental parameters for Sciodrepoides watsoni together
with the new and reliable character for instar determination. This species is so far the
smallest necrophagous beetle with known thermal summation model. The
developmental characteristics provided in this study will help to estimate the PMImin
in cases where it was not possible before. The instar determination is the integral part
of the PMImin estimation, because without accurate determination, we could not
reach the right conclusion. We strongly encourage other authors to adopt our
methodology for establishing the size-based instar characteristics, because it provides

correct picture about its variability.

Altogether, these tree articles aim to contribute to growth of our knowledge about
ecological and evolutional strategies of necrophagous beetles and | hope that | bring

some of them to attention of profesional public.
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