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Abstract (English)

Carcasses of large vertebrate animals are intetgailents in the natural environment.
The aim of the present study is to clarify the tielabetween large carcasses and local
ecosystems. It has been investigated which and mmawy animals are directly or
indirectly involved into the carcass decompositimocess, and whether there is a
succession of community pattern during differentcaas decomposition stages. A
special focus was on the question how the tempamdl the spatial distribution of
arthropods are influenced by the carcass and dapegpties. A new classification of
decomposition stages is proposed based on a neweg® index for a carcass. Three
carcass food web models for the research area veenposed dependent on different
seasons in the course of the year: Carcass exposspring, summer, and winter,
respectively. Subsequently, the feasibility of gstarcasses as a tool for food web

restoration on a regional scale has been discussed.

From 2009 to 2011, in total, nine different caregs$rom Meles meles, Capreolus
capreolus, Cervus elaphus, andSus scrofa were exposed in the research area, a former
military training area situated in Eastern GermaRyftall traps were used to collect
arthropods visiting the carcasses. Bird’s and Mahsnatendance have been detected
by automatic cameras and direct observation. lal,tobore than 112,000 arthropods
from 25 taxa were identified. For Coleoptera Sili#d, Geotrupidae, Trogidae,
Staphylinidae (partly) and Heteroptera the invedgtamn could be carried out on species
level. The existence of carcasses in the reseaezh sagnificantly increased arthropod
diversity and abundance. Long term exposed carsassgnificantly influenced
vertebrates occurrence, vegetation and the surnogirsil as to diversity and various
environmental conditions, respectively. The maimstoners of carcasses in summer
were various arthropod€orvus corax and Haliaeetus albicilla. Besides the already

well-known carrion arthropods, Orthoptera, Lepidwpt and Apocrita were observed



using carcasses directly. In winter, the main carexs of carcasses we$as scrofa,
Vulpes wulpes, Canis lupus, Corvus corax, and Haliaeetus albicilla. By multivariate
analysis it could be shown that the main factorBuémcing the occurrences of
arthropods are the weight and the degree of opsrufdle carcass, and the main factor
for the carcasses decomposition process is thenegsnndex of the carcass. Carcass
exposition is a cheap and efficient method to asgel wild games which did not die

from disease for the food web restoration in trseagch area.

Keywords: Large vertebrate animal carcasses, decompospimtess, stages of
succession, arthropods, food web restoration, formigary training area, Germany



Abstract (German)

Kadaver grof3erer Wirbeltiere sind integraler Bedtaite einer naturnahen Landschatft.
Das Ziel der vorliegenden Arbeit ist es, die Bedagtgrol3erer Kadaver fur das lokale
Okosystem weitergehend zu klaren. Dazu wurde wntbtswelche und wie viele Tiere
direkt oder indirekt am Dekompositionsprozess ligtesind und ob es eine bestimmte
Abfolge bestimmter Lebensgemeinschaften im Venauschiedener Abbaustadien gibt.
Insbesondere wurde die Frage nach der zeitliched rtdumlichen Verteilung
verschiedener Tiergruppen am Aas untersucht. Eeue iKlassifikation verschiedener
Dekompositionsstadien auf Grundlage eines neu f&ihgen ,openness index“ fur
Kadaver wird vorgeschlagen. Drei verschiedene Medé&lr die Sukzession der
Lebensgemeinschaften am Kadaver werden entwicjelhachdem, ob das Aas im
Frahling, Sommer oder Winter exponiert ist. Des Mfein wird die Mdglichkeit
diskutiert, Kadaver als Mittel zur Wiederherstetjunattrlicher Nahrungsnetze auf

regionaler Ebene einzusetzen.

Zwischen 2009 und 2011 wurden insgesamt neun Kaddse SdugetierarteNeles

meles, Capreolus capreolus, Cervus elaphus und Sus scrofa im Untersuchungsgebiet
Lieberoser Heide, einem ehemaligen TruppeniubunigsplaDstdeutschland, exponiert.
Die Erfassung der Arthropoden am Aas erfolgte nodé@éhfallen. Die Prasenz von
Vogeln und Saugetieren am Aas wurde mit automatisckameras und direkter
Beobachtung ermittelt. Insgesamt wurden ca. 112.8@Mropoden aus 25 Taxa
identifiziert. Fur die Coleoptera Silphidae, Gepidae, Trogidae, Staphylinidae (zum
Teil) und Heteroptera konnten die Untersuchungdraiebene erfolgen. Die Prasenz
von Kadavern fuhrte zur deutlichen Erh6hung dealek Biodiversitadt und Abundanz
der Arthropoden. Uber eine langere Zeitdauer exg@tmi Kadaver fiihrten zu
vermehrtem Auftreten von Wirbeltieren und beeirdles Vegetation und

Bodenparameter der unmittelbaren Umgebung deutDad.wichtigsten Konsumenten



am Aas im Sommer waren diverse Arthropodear,vus corax undHaliaeetus albicilla.
Neben den bereits bekannten aasfressenden Arttenpadrden auch Orthopteren,
Lepidopteren und Apocrita als direkte Nutzer am Basbachtet. Im Winter waren die
wichtigsten KonsumenteBus scrofa, Vulpes vulpes, Canis lupus, Corvus corax, und
Haliaeetus albicilla. Durch die Anwendung multivariater Statistik komngezeigt
werden, dass die wichtigsten Faktoren, die dasrégit von Arthropoden beeinflussen,
das Gewicht und der Offnungsgrad (openness index)Keédavers sind, der wichtigste
Faktor fir den konkreten Ablauf der Dekompositioiederum der Offnungsgrad. Die
Exposition von Kadavern gro3erer, nicht krankheitsbgt verendeter Wildtiere ist eine
gunstige und effektive Methode zur Etablierung detlier Nahrungsnetze.

Keywords: GroRere Vertebraten, Tierkadaver, Dekompositionukz8ssion,
Sukzessionsstadien, Arthropoda, Wiederherstellungtirlicher Nahrungsnetze,
ehemalige Truppeniubungsplatze, Deutschland
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1 Introduction

Many scientists have pointed out the importancecafcasses at various aspects:
releasing energy and nutrients to the wider ecesysaffecting movements and spatial
distribution of species, influencing ecosystem diitg and function (Cortés-Avizanda
et al. 2009, Carter et al. 2007). For scientifiolegy, two aspects are of special interest:
which and how many species are directly or indiyeavolved into the carcass
decomposition process, and what about the sucecesticommunity pattern during the

carcass decomposition.

Related investigations are far too few especiallyGermany. The strict regulations
concerning the handling of carcasses are an imporgason, which put not only
livestock, but also wild animal carcasses undeictsinanagement. EU Directive
1774/2002 required that all animal products meetergain criteria were to be disposed
of through controlled methods, including burial andineration. In recent years, the
legislation of the European Union has become l&$st.sRegulation 142/2011 states
that in specially protected areas (according taiNa2000) exposures of large carcasses
including cattle should be allowed, when feedingsoavenging species of the Birds
Directive or FFH Directive is intended. Even thougbropean laws should overrule
national law, most authorities in Germany insiststicter national regulations (Gu &
Krawczynski 2012). The strict order causes lackveistock carcasses in the landscape.
In addition, hunting removes high quantities ofgmial game carcasses as well. In the
hunting season 2007/2008, in total 145,000 tonsnohal carcass were removed from

landscape in Germany (Krawczynski & Wagner 2008).

In Germany there are many former military trainargas which are now used as nature
conservation areas with unoptimistic environmertieréfore, the need for a cheap,
effective, and environmental friendly method totoes the landscape is urgent. Such
former military areas are not open to the publicause of the residual explosives. We
assume that carcasses are capable to increasd diiaraity and abundance in a given
area, carcasses will bring positive influencestandurrounding environment (soil and

vegetation). Furthermore, we assume also that expterge carcasses in nature brings
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benefit to the local animal community and restdre tocal food web, even the local

ecosystem.

However, most researches related to carrion decsitmqpo and animal community
successions have focused on forensic entomologytl@dassociation with criminal
events. Recent research in Germany on dead ancaalsed out in Jena between 2007
and 2008 was about to analyze the decompositiooepses and insect succession on
domestic pig carcasses. Its main objective wasstabésh a forensic entomological
database (Anton et al. 2011). Forensic researctedsrpusing carcasses of domestic
pigs, however, domestic animals from conventio@aining are usually treated with
drugs such as anti-biotic and hormones, therefdeeomposition process of these
carcasses are affected (Gu et al. 2014). Pridngd\tecros Project, long time research
on wild animals without drug treatment exposedature conservation areas have never

been done before in Germany.

At the Brandenburg University of Technology in ®oit - Senftenberg, the Necros
Project (2008 - 2014) started focusing on carrioolagy by using large wild animal
carcasses in Brandenburg (East Germany). The \@tafinary authorities allowed the
use of road kills. The intentions were to colleettad like species assemblages and
succession and to study the possibilities of reggjofood chains with these carcasses
(Gu et al. 2014). The present study covers thesy2@09 to 2011, and focuses on the
temporal and spatial aspects of the carrion artids@nd carcass decompositions in the
research area. Vertebrate scavengers and soil ntoateund carcasses have been
investigated through study projects, bachelor theaad master theses in the Necros

project. By these studies the following questiorsaddressed:

1. Does the decomposition of all carcasses followstdrae process? What are the
main factors influencing the decomposition process?

2. Are there certain assemblages of carrion arthrcpodhat are the factors
influencing the occurrence of arthropods?
How does the carcass influence the surrounding@mvient?

4. How does the carcass influence the local food web?
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5. Can carcasses be used as a restoration method3,lfiwfat kind of carcass

should be exposed, when and where?

We hypothesized that the decomposition process oéraass is influenced by the
species of the dead animals, seasonality, andtia ¢onsumers” community. There is
a certain succession within the carrion community this succession is influenced by
the decomposition stage of carcasses and the sd#golCarcasses bring positive
influences to the surrounding environment, e.dettlize the soil and the vegetation.
Sufficient carcass resources increase the diveosithe community (both arthropods

and vertebrates), strengthen and restore the flocdlweb.

2 Materials and methods

2.1 Research area

The research area Lieberoser Heide is located stema Brandenburg (Germany)
(51°55' N, 14°18' E, Figures 2.1.1). The size efwhole area is about 28,000 hectares.
Lieberoser Heide was used as military training &rea 1945 to 1994. Afterwards this
area was transferred to the Forest Department ahd@nburg (Landesbetrieb Forst
Brandenburg) as a natural conservation area (Betnkl. 2004). In the center of
Lieberose Heide there is an open area surrounded bgit of pine forest which is
around 9.8 hectares (Figure 2.1.2). This open a&sa used to bury all the garbage
when the Russian army left. This area containsamgerous explosives in the soil.

Commonly observed habitat types of this open lampiscinclude species rich
psammophytic grassland, tall grass prairies, hagghels communities with ruderal and
forest margin communities, dwarf shrub heathlamenoforest and scrubland (Brunk et
al. 2004). Dominant species in this area incl@iamagrostis, Agrostis, Echium,
Tanacetum, as well as dwarf shrubs, mosses, and lichena(&ig.1.3). In Lieberoser
Heide large vertebrate scavengers such as @alii¢ lupus), fox (Vulpes vulpes), wild

boar Qus scrofa), raccoon dog Nyctereutes procyonoides), pine marten Nlartes
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martes), raven Corwvus corax), red kite Milvus milvus), and white tailed eagle
(Haliaeetus albicilla) are abundant. The public is not allowed to ettiex area for the
reason of safety and nature conservation. Therefloeecarcasses used in experiments
did not disturb the public.
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Figure 2.1.1 Location of the research area in Gernmy, it is indicated by the green point
(source: Google map).
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Figure 2.1.2 Study area, the yellow circle indicate the location of the sampling sites
(source: Google map).

™~ -

Figure 2.1.3 Landscape around the sampling sites lrieberoser Heide (photo was taken on
08.08.2011).
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Field work was carried out from 2009 to 2011. Metdagical information of the three
years was taken from the nearest weather statio@atitbus. Spring 2010 (mean
temperature was 8.8 °C) and winter 2010 (mean teatyre was - 1.8 °C) were the
coldest among all three years. Precipitation inrsemand autumn 2010 were extremely
high reached 292.1 mm and 284.6 mm. In chapteére3ptinimal temperature of every
sampling day was used for the statistical analymig] the data were taken from the

weather station of Cottbus on the website: httpuldmwetteronline.de/rueckblick.

2.2 Carcasses exposed

The carcasses which were used in this study wenaded by the Forest Department of
Brandenburg (Landesbetrieb Forst Brandenburg). FE&®O to 2011 in total nine
carcasses were exposed in the research area: omgeBn badgeMeles meles) carcass
weight 6 kg, six roe deefCépreolus capreolus) carcasses weight from 9 kg to 17 kg,
one red deerQervus elaphus) carcass weight 75 kg, and one wild bo&us(scrofa)
carcass weight 30 kg (Table 2.2.1).

Table 2.2.1 Carcasses exposed in the research area.

No. Scientific name W(iigg)ht SaSTaerI:ng Sarennpc!ling D(udr:)t/is)n Habitat V%F:Jerﬂj

1 Meles meles 6 22.06.2009 31.07.2009 40 Grassland No
2 Capreolus capreolus 9 21.07.2009 21.09.2009 63 Grassland Yes
3 Capreolus capreolus 12 05.08.2009 23.09.2009 50 Grassland Yes
4 Capreolus capreolus 13 03.09.2010 29.09.2010 21 Grassland Yes
5 Capreolus capreolus 8 08.09.2010 18.10.2010 41 Forest No
6 Capreolus capreolus 17 16.03.2011 10.08.2011 148 Grassland Yes
7 Capreolus capreolus 15 06.04.2011 02.11.2011 211 Grassland Yes
8 Cervus elaphus 75 18.05.2011 02.11.2011 169 Grassland No
9 Sus scrofa 30 01.06.2011 02.11.2011 155 Grassland Yes
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The animals were killed by car accidents or huntifigey were tested before being
exposed in the research area to ensure that tlegadicarry any infectious diseases.
All carcasses were exposed in open grass land,pexx@cass no. 5, which was
deposited in a pine forest in 2010 for habitat carigon. All carcasses were monitored
by automatic cameras. Additional photo shooting divdct observations have been
done on every sampling day. The times of startimg $ampling depended on the
availability of carcasses. The exposing time otass no. 4 was the shortest (only 21
days); while at carcass no. 7, it was the longéstiviasted in total 211 days.

2.3 Sampling design

2.3.1 Pitfall trapping

Pitfall traps were used in this study to collecowgrd dwelling communities. Pitfall
trapping is a sampling technique which is widelgdigh studies of seasonal fluctuations,
spatial distribution patterns, relative abundamcdiiferent micro-habitats, daily activity
rhythms, and in community surveys. It is most commaised to monitor biodiversity
of ground dwelling organisms. Pitfall traps areteasd time effective (Paulson 2005).

Figure 2.3.1 A single pitfall trap.



Animal biodiversity and food web restoration basedarge vertebrate carcasses

Pitfall traps which were used in this study weredmaup by three parts: plastic
containers with 70 % ethanol for collecting andrisp the animals; green grids for
avoiding small mammals from falling into the pitfataps; and plastic covers as

protection from the rainfall (Figure 2.3.1).

2.3.2 Sampling design

Twelve pitfall traps were installed around eaclhcaas (Figure 2.3.2). The carcass was
put in the middle of the first four pitfall trap$he distance between each two pitfall
traps was 1.5 meter. The results of trap no. lotodnreflected the community which
was influenced by the carcass micro-habitat; theulte were influenced by both
seasonality and the decomposition process of tttass The results of trap no. 9 to no.
12 were considered as the normal community inélsearch area, the results were only

influenced by seasonality, but not the carcass.

O GO

Figure 2.3.2 Sampling design of twelve pitfall trap (Gu et al. 2014).

The animals collected by the pitfall traps weretae=d in glasses with 80 % ethanol
solution and identified in the laboratory. For @€ no. 8 and no. 9, in total five taxa
(Silphidae, Geotrupidae, Staphylinidae, Trogidae] Eeteroptera) were identified into
the species level. Table 2.3.1 gives an overviewhefparticipants who have involved
in the study and their tasks.
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Table 2.3.1 Overview of participants involved in tle study.

Laboratory work
Carcass Field work Taxa of arthropods Species identification
No. 1 Robert Hering . Xiaoying Gu Sllph|da_e: Xiaoying Gu
Rene Krawczynski o Geotrupidae: Bartosz
No. 2 LiLi e
No. 3 Hans-Georg Wagner Carolin Lutze and others Lysakowski, Xiaoying Gu
’ Xiaoying Gu Staphylinidae: Armin Rose
o o Trogidae: David Bautze
No. 4 Xlaoylng Gu X!aoylng Gu Heteroptera: Dortje Knoop
No.5 | Bendix Klarczyk Viola Strutzberg
No. 6 | Xiaoying Gu, L
No. 7 David Kschenka Xiaoying Gu
No. 8 Xiaoying Gu Xiaoying Gu
No. 9 David Smyth and Gisa Schroder
' others David Smyth and others

2.4 Determination and nomenclature of species

Determination of Geotrupidae species is accordinglachatschke (1969) and Bunalski
(1999). Nomenclature of Geotrupidae species is rdaog to Machatschke (1969).
Determination and nomenclature of Silphidae speesccording to Freude (1971).
Determination and nomenclature of of Trogidae s®ecs according to Machatschke
(1969). Determination of Heteroptera species isomting to Wagner (1952, 1966,
1967), and nomenclature of Heteroptera speciesci®rding to Fauna Europaea.
Determination and nomenclature of Staphylinidaeciggeis according to Koéhler &
Kausnizer (1998) and Assing & Schilke (1999, 2@IN6).

2.5 Statistical analysis

2.5.1 Spatial distribution

According to the Kolmogorov-Smirnov-Lilliefors teghe results of pitfall traps were
not normally distributed; therefore, the Mann-WkynU test and the Kruskal-Wallis
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test were used to analyze the spatial distribubioarthropods. IBM SPSS Statistics 21
has been used for these tests (IBM Deutschlandngém).

The Mann-Whitney U test is a non-parametric testtfee null hypothesis that two
groups are from the same totality. Twelve pitfadips were divided into two groups
according to the distance between the pitfall taphe carcass (blue frame of Figure
2.5.1). Group 1 (trap no. 1 to no. 4) was closth&ocarcass. Group 2 (trap no. 5 to no.
12) was further away from the carcass. When thelteesf the Mann-Whitney U test
are significant (p < 0.05), group 1 and group 2ehsignificant differences.

As to the Kruskal-Wallis test, twelve pitfall trapgere divided into three groups (green
frame of Figure 2-5-1). Group 1 (trap no. 1 to #pwas close to the carcass. Group 2
(trap no. 5 to no. 8) was relatively close to tlaecass. Group 3 (trap no. 9 to no. 12)
was far away from the carcass. When the resultshef Kruskal-Wallis test are

significant (p < 0.05), at least one group hasiaant difference from the others.

Group 2 Group 1

/ Group 3 Group 2 \ ( Group 1 \

1,5

Figure 2.5.1 The classification of the Mann-WhitneyJ test (two groups in blue frame) and
the Kruskal-Wallis test (three groups in green frane).

The taxa or species which showed significant retetiwith the carcass according to the
statistical analysis were rechecked by the bartshar order to ensure whether the
significant relation was a positive significant i@ation. Because it was also possible
that in group 1 much fewer arthropods were colctempared to other groups, then it

was a negative significant correlation.

10
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2.5.2 Temporal distribution

The temporal (inter-annual) species turna¥ewas calculated according to Tokeshi
(1990):

St =0.5%L,|P(t) — Pi(t + 1)] (1)

whereP;(t) andP;(t + 1) are the proportional abundance of takdamsamplet andt+1
respectively, and is the total number of taxa occurring on the tweasions. The

abundance data are log transformed prior to cdlonks

Spearman’s rank correlation test was used tohtesetationship between the number of
arthropods and the minimal temperature. IBM SP28s8ts 21 has been used for this
test (IBM Deutschland, Ehningen).

2.5.3 Diversity index

Shannon-Wiener diversity index (H") was used tculake the diversity:
H =—Yi,P; x InP, 2)(

WhereP; is the proportion of thé" taxon,loge is the natural logarithm &% andSis the
number of taxa in the community (Molles & Cahill9E®).

2.5.4 Correspondence analysis

Detrended correspondence analysis (DCA) was usdthdoout the possible factors
which ordinate the carcasses according to the omoce of arthropods. Canonical
correspondence analysis (CCA) was applied to ehbeidhe relationships among
biological assemblages of arthropods, carcass measnand environmental parameters.
Both tests were carried out with the software oh&@a 4.5.1 (ter Braak & Verdonshot
1995, Jongman et al. 1995, ter Braak 1996, ter Br&aSmilauer 1998, ter Braak &
Smilauer 2002)

11
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3 Results

3.1 Overview

A total of 112,004 arthropods of 25 taxa were ideat (Table 3.1.1). The numbers of
following five taxa were extremely high: Formicid€®4,817 individuals, 13.2 %),
Coleoptera-larvae (14,386 individuals, 12.8 %), tBig (13,913 individuals, 12 %),
Histeridae (13,430 individuals, 12 %), Silphidagd(b individuals, 8 %). The numbers
of following eight taxa were relatively high: Bradera-larvae (6,533 individuals,
5.8 %), Auchenorrhyncha (6,153 individuals, 5.5 %gltatoria (5,703 individuals,
5.1 %), Carabidae (5,434 individuals, 4.9 %), Sydipldae (5,232 individuals, 4.7 %),
Araneae (5,175 individuals, 4.6 %), Dermestidae43, individuals, 4.1 %), and
Geotrupidae (4,546 individuals, 4 %).

At carcass no. 8 in total 6,298 individuals andatass no. 9 in total 1,766 individuals
were identified into species level. For both caseas the most abundant species of
Silphidae weré&hanatophilus rugosus, Thanatophilus sinuatus, andNecrodes littoralis.

The most abundant species of Geotrupidae Wapocopris vernalis. The abundant
species of Trogidae and Heteroptera were differdintarcass no. 8 the most abundant
species of Trogidae wagox cadaverinus. At carcass no. 9 the most abundant species
of Trogidae werelrox cadaverinus and Trox hispidius, and the most abundant species

of Heteroptera waalydus calcaratus (Table 3.1.2).

12
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Table 3.1.1 Overview of arthropods which were ideified (“C” is the abbreviation of carcass).

Taxa C1i c2 Cc3 Cc4 C5 C6 c7 cs8 Cc9
1 Cleridae 42 0 0 0 0 14 8 318 4
2 Coccinellidae 52 0 1 0 0 1 5 6 0
3 Curculionidae 10 5 0 5 1 14 19 42 3
4 Carabidae 477 827 447 158 31 77 1,091 1,200 1,126
5 Dermestidae 54 0 60 1 0 47 291 3,154 1,036
6 Elateridae 28 0 5 0 0 3 7 34 0
7 Histeridae 1,190 565 139 49 1 18 83 9,442 1,943
8 Silphidae 588 213 22 40 5 1,339 1,645 3,731 1,423
9 Staphylinidae 487 165 279 182 83 60 375 2,638 963
10 Scarabidae 772 429 215 400 104 255 508 1768 619
11 Trogidae 7 0 1 0 0 1 30 207 61
12 Coleoptera-larvae 3,037 516 41 5 2 807 1,393 7,385 1,200
13 Brachycera 1,853 308 81 0 0 10 197 56 609
14 Nematocera 364 78 11 0 0 0 23 157 2
15 Other Diptera 123 0 164 490 1,873 193 611 5,299 1,411
16 Brachycera-larvae 30 17 77 11 1,502 1 9 660 4,226
17 Apiformes 23 0 0 3 0 3 3 22 1
18 Formicidae 991 149 67 155 69 861 2,435 6,028 4,062
19 Other Hymenoptera 247 167 67 5 4 6 63 97 7
20 Auchenorrhyncha 1,180 287 432 116 2 311 948 1,533 1,344
21 Dermaptera 51 12 1 0 0 1 0 24 0
22 Heteroptera 346 8 5 1 0 13 21 93 92
23 Saltatoria 1,895 776 299 47 1 318 816 333 1,223
24  Araneae 682 390 254 103 76 613 832 1,690 535
25 Isopoda 141 10 2 0 1 0 0 24 6

Sum 14,670 4,922 2,670 1,771 3,755 4,966 11,413 45,941 21,896

13
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Table 3.1.2 Species of four taxa at carcass no. 8dano. 9.

Species Carcass no. 8 Carcass no. 9
Silphidae 3,650 (11 specied) 1,017 (5 species)
Thanatophilus rugosus (Linnaeus, 1758) 383 (10 %) 265 (26 %)
Thanatophilus sinuatus (Fabricius, 1775) 2,407 (66 %) 732 (72 %)
Necrodes littoralis (Linnaeus, 1758) 838 (23 %) 17 (2 %)
Necrophorus humator (Fabricius, 1775) 2 (<1%) 0
Necrophorus vestigator (Herschel, 1807) 6 (<1%) 2(<1%)
Necrophorus fossor (Erichson, 1837) 1(<1%) 0
Necrophorus sepultor (Gyllenhal, 1827) 7(<1% 0
Necrophorusinvestigator (Fabricius, 1775) 3(<1%) 1(<1%)
Necrophorus vespilloides (Herbst, 1783) 2(<1%) 0
Oiceoptoma thoracica (Linnaeus, 1758) 1(<1%) 0
Geotrupidae 1,546 (3 species 484 (3 species)
Trypocopris vernalis (Linnaeus, 1758) 1416 (91 %) 456 (94 %)
Typhaeus typhoeus (Linnaeus, 1758) 9(<1%) 7 (2 %)
Anoplotrupes stercurosus (Scriba, 1791) 121 (8 %) 21 (4 %)
Trogidae (identified by David Bautze) 347 (4 specsp 55 (2 species)
Trox cadaverinus (llliger, 1802) 318 (92 % 26 (47 %)
Trox sabulosus (Linnaeus, 1758) 8 (2 %) 0
Trox hispidius (Pontoppidan, 1763) 20 (5 %) 29 (53 %)
Trox scaber (Linnaeus, 1767) 1(<1%) 0
Heteroptera (identified by Dortje Knoop) 84 (16 speies) 79 (8 species)
Acalypta gracilis (Fieber, 1844) 2 (2 %) 0
Aradus cinnamomeus (Spinola, 1837) 11 %) 0
Alydus calcaratus (Linnaeus, 1758) 0 52 (66 %)
Beosus maritimus (Scopoli, 1763) 2(2% 1(1%)
Coriomeris scabricornis (Panzer, 1806) 11 %) 8 (10 %)
Coriomeris denticulatus (Scopoli, 1763) 11 % 0
Drymus sylvaticus (Panzer, 1809) 4 (5 %) 0
Geocoris grylloides (Linnaeus, 1761) 1(1%) 8 (10 %)
Graptopeltus lynceus (Fabricius, 1775) 1(1%) 11 %)

14
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Species

Carcass no. 8

Carcass no. 9

Larvae of Heteroptera

Kalama tricornis (Schrank, 1801)

Lygus rugulipennis (Poppius, 1911)
Lytocoris campestris (Poppius, 1911)
Myrmus miriformis (Fallen 1807)
Rhynocorisiracundus (Poda, 1761)
Rhyparochromus pini (Linnaeus, 1761)
Saldula saltatoria (Linnaeus, 1758)
Xanthochilus quadratus (Fabricius, 1798)

23 (27 %)
6 (7 %
1(1%

16 (19 %)

1(1%

5 (6 %
1(1%
(

0]

~—

~—"

6 (8 %)

0

0

0

0

1 (1 %)

0

0

8 (10 %)

Because of the limitation of time, not all Staphidiae individuals were identified into

species level. The abundant species of the idedtifidividuals at carcass no. 8 were

Creophilus maxillosus, Aleochara bipustulata, andOntholestes murinus. At carcass no.

9 the most abundant species wWésochara bipustulata (Table 3.1.3).

Table 3.1.3 Species of Staphylinidae at carcass @and no. 9 (identified by Armin Rose).

Species

Carcass no. 8

Carcass no. 9

Staphylinidae

Acrotona aterrima (Gravenhorst, 1802)
Aleochara bilineata (Gravenhorst, 1802)
Acrotona exigua (Erichson, 1837)
Acrotona muscorum (Briout, 1860)
Acrotona parvula (Mannerheim, 1831)
Acrotona sylvicola (Kraatz, 1856)
Aleochara bipustulata (Linnaeus, 1761)
Aleochara curtula (Goeze, 1777)
Aleochara intricata (Mannerheim, 1830)
Anotylus hamatus (Fairmaire & Laboulb, 1856)
Anotylus tetracarinatus (Block, 1799)
Atheta crassicornis (Fabricius, 1792)
Atheta divisa (Markel, 1844)

671 (59 species

oT

131 (22 species)
0

o O O O u

5

N

o O O O o o
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Species

Carcass no. 8 Carcass no. 9

Atheta gagatina (Baudi, 1848)

Atheta fungi (Gravenhorst, 1806)

Atheta inquinula (Gravenhorst, 1802)
Atheta laticollis (Stephens, 1832)

Atheta longicornis (Gravenhorst, 1802)
Atheta nigra (Kraatz, 1856)

Atheta orbata (Erichson, 1837)

Atheta oblita (Erichson, 1839)

Atheta palustris (Kiesenwetter, 1844)
Atheta pseudoel ongatula (Bernhauer, 1907)
Atheta sordidula (Erichson, 1837)
Bisnius cephalotes (Gravenhorst, 1802)
Bisnius nitidulus (Gravenhorst, 1802)
Bisnius parcus (Sharp, 1874)

Creophilus maxillosus (Linnaeus, 1758)
Dinaraea angustula (Gyllenhal, 1810)
Emus hirtus (Linnaeus, 1758)
Gyrohypnus fracticornis (Muller, 1776)
Leptacinus formicetorum (Markel, 1841)
Leptacinus intermedius (Donisthorpe, 1936)
Leptacinus pusillus (Stephens, 1832)
Nehemitropia lividipennis (Mannh., 1830)
Ocypus olens (Mller, 1764)

Ocypus picipennis (Fabricius, 1793)
Oligota parva (Kraatz, 1862)

Oligota pumilio (Kiesenwetter, 1858)
Oligota pusillima (Gravenhorst, 1806)
Omaliumrivulare (Paykull, 1879)
Ontholestes murinus (Linnaeus, 1758)
Onthol estes tessellatus (Geoffroy, 1785)
Oxypoda haemorrhoa (Mannerheim, 1830)
Oxypoda opaca (Gravenhorst, 1802)
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Species Carcass no. 8 Carcass no. 9

Oxytelus piceus (Linnaeus, 1767) 1
Philonthus albipes (Gravenhorst, 1802)

Philonthus carbonarius (Gravenhorst, 1802)

N O1T @

Philonthus concinnus (Gravenhorst, 1802) 2
Philonthus cruentatus (Gmelin, 1790) 1
Philonthus debilis (Gravenhorst, 1802)
Philonthus discoideus (Gravenhorst, 1802) il
Philonthus intermedius (Lacordaire, 1835) 1
Philonthus jurgans (Tottenham, 1937)

Philonthus lepidus (Gravenhorst, 1802)

1=

o =

Philonthus longicornis (Stephens, 1832)
Philonthus marginatus (Muller, 1764) 1
Philonthus punctus (Gravenhorst, 1802) 0
Philonthus politus (Linnaeus, 1758) 31
Philonthus rectangulus (Sharp, 1874) 1
Philonthus spinipes (Sharp, 1874)
Philonthus varians (Paykull, 1879)
Placusa tachyporoides (Waltl, 1838)
Platydracus latebricola (Gravenhorst, 1806) 0
Platydracus stercorarius (Olivier, 1795)
Quediuslevicollis (Brullé, 1832)
Quedius molochinus (Gravenhorst, 1806) il

~m 5

o

Quedius picipes (Mannerheim, 1830) 1

b O O kP W FkrF O MM O OO PFP OO WO O O O O O O +— O

Tachinus lignorum (Linnaeus, 1758) 0

3.2 Spatial distribution of Arthropoda

3.2.1 Overview

Table 3.2.1 shows the results of the Mann-Whitnete$l and the Kruskal-Wallis test.
Geotrupidae, Silphidae, Staphylinidae, Histerid&xleoptera-larvae, and Diptera

showed significant spatial relations with more thsin carcasses. Dermestidae and
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Brachycera-larvae showed significant spatial refetiwith five carcasses. Trogidae and

Saltatoria showed significant spatial relationdwigur carcasses.

In order to compare the results, nine carcasses dieided into four classes according
to the weight: small carcasses (around 6 kg), nmediized carcasses (around 12 Kkg),

large carcasses (around 30 kg), and very largasses (around 70 kg).

3.2.2 Distribution of arthropods around a small carcass Meles meles)

Table 3.2.1 shows that nine taxa: Silphidae, Detiohs, Trogidae, Histeridae,
Geotrupidae, Coleoptera-larvae, Isopoda, Heteraptand Brachycera had significant
spatial relations with carcass no. 1. Large nundfeBaltatoria (1,895 individuals),
Auchenorrhyncha (1,180 individuals), and Formici@@@l individuals) were collected;

however, none of them showed significant spatialtie@n with carcass no. 1.

At carcass no. 1, in total 52 % of the arthropod891 individuals) were collected by
the first four traps (Figure 3.2.1). 86 % of Sikghe (505 individuals, Figure 3.2.2), 85 %
of Dermestidae (46 individuals, Figure 3.2.3), 89%o%Histeridae (1,054 individuals,
Figure 3.2.6), 86 % of Trogidae (6 individuals, Urig 3.2.5), 84 % of Geotrupidae (507
individuals, Figure 3.2.8), 71 % of Coleoptera-au2,146 individuals, Figure 3.2.4),
and 58 % of Brachycera (1,069 individuals, Figur2. B were collected by the first

four pitfall traps.

3000 200

| i)
35 2000 5 130
= s 100
g 1000 'g 50
0 0

4 3 2 1
No. of pitfall traps No. of pitfall traps

Figure 3.2.1 Distribution of all individuals at Figure 3.2.2 Distribution of Silphidae at
carcass no. 1. carcass no. 1.
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Table 3.2.1 Overview of the results of the Mann-Whney U test (MWU) and the Kruskal-Wallis test (KW) of nine carcasses (“p < 0.05” is indicated by
grey color, “N” indicates that no individual was cdlected).

Carcass Carcass Carcass Carcass Carcass Carcass Carcass Carcass Carcass

Taxa no. 1 no. 2 no. 3 no. 4 no. 5 no. 6 no. 7 no. 8 no. 9

MWU KW MWU KW  [MWU KW MWU KW MWU KW MWU KW  MWU KW MW U KW | MWU KW
Silphidae 0.004 0.007 | 0.004 0.015| 0.004 0.005| 0.109 0.162 0.016 0.017| 0.730 0.031| 0.004 0.010 | 0.004 0.007 | 0.004 0.015
Dermestidae 0.048 0.114 N N | 0.004 0.005 N N N N 0.109 0.20¢ 0.004 0.024 | 0.004 0.016 | 0.004 0.015
Trogidae 0.048 0.055 N N 0.570  0.368 N N N N 0.570 0.3 0.004 0.018 | 0.004 0.010| 0.004 0.008
Staphylinidae 0.368 0.058| 0.008 0.036| 0.028 0.049 | 0.028 0.063| 0.154 0.26] 0.028 0.070| 0.004 0.018 | 0.004 0.007 | 0.004 0.012
Cleridae 0.683  0.895 N N N N N N N N 0.073 0.070 0.073 0.0 0.004 0.013| 0.017 0.032
Histeridae 0.016 0.012 | 0.016 0.012| 0.004 0.013 | 0.048 0.028| 0.570 0.368 0.073 0.1 0.004 0.012 | 0.004 0.007 | 0.004 0.020
Carabidae 0.368 0.469| 0.154 0.34] 0.016 0.055| 0.283 0432 0.368 0.584 0.570 0.Y87 540.1 0.065| 0.241] 0.292 | 0.214 0.292
Geotrupidae 0.004 0.015| 0.004 0.015| 0.004 0.018 | 0.004 0.014 | 0.008 0.032| 0.004 0.007 | 0.004 0.023 | 0.004 0.010| 0.004 0.012
Coleoptera-larvae 0.008 0.010 | 0.028 0.015| 0.006 0.020| 0.808 0.91§ 0.808 0.57 0.004 0.009 | 0.004 0.007 | 0.004 0.007 | 0.004 0.018
Brachycera 0.004 0.023| 0.283 0.087 0.016 0.053 N N N N N N 0.109 0.102 0.808 0.3 0.004 0.025
Nematocera 0.933 0.054 0.808 0.745 0.283 0.481 N N N N N N 0.008 0.035| 0.048 0.108 N N
Other Diptera 0.109 0.238| 0.570 0.23] 0.028 0.073| 0.004 0.022 | 0.016 0.012| 0.028 0.048 | 0.004 0.007 | 0.004 0.015| 1.000 1.000
Brachycera-larvae 0.461 0.445| 0.576 0.51] 0.016 0.023| 0.570 0.368 0.10¢€ 0.023 | 0.570 0.368 0.283 0.3 0.016 0.043| 0.048 0.063
Saltatoria 0.109 0.234| 0.048 0.027 | 0.016 0.012 | 0.368 0.404 0.570 0.38 0.368 0.466 0.214 58] 0.008 0.031| 0.016 0.050
Formicidae 0.368 0.526| 0.461 0.09Y 0.648 0.289 0.073 0.138 N 0.028 0.043| 0.283 0.542 0.008 0.037| 0.933 0.246
Heteroptera 0.004 0.018| 0.154 0.256 1.000 0.239 N N N N[ 0.048 0.085| 0.214 0.249 0.368 0.3] 0.004 0.022
Auchenorrhyncha 0.368 0.584| 1.000 0.1483 0.461 0.486 0.461 0.644 700.5 0.577| 0.283 0.08¢ 1.000 0.94 0.028 0.085| 0.570 0.491
Isopoda 0.004 0.019| 0.154 0.034| 0.570 0.368 N N 0.570 0.368 1.000 1.000 1.000.000 | 0.283 0.473 0.214 0.267
Araneae 1.000 0.734| 0570 0.393 0.154 0.215 0.570 0.y33 540.1 0.302| 0.680 0.69¢ 0.368 0.29 0.028 0.038 | 0.368 0.513
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Figure 3.2.3 Distribution of Dermestidae at Figure 3.2.4 Distribution of Coleoptera-

carcass no. 1. larvae at carcass no. 1.
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Figure 3.2.5 Distribution of Trogidae at Figure 3.2.6 Distribution of Histeridae at

carcass no. 1. carcass no. 1.

300 800

» »
S 200 g 600
2 2 400

2 100 l 2
2 2 200
0 0

11 g9 7
5 3 1
No. of pitfall traps No. of pitfall traps

Figure 3.2.7 Distribution of Brachycera at Figure 3.2.8 Distribution of Geotrupidae
carcass no. 1. at carcass no. 1.
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3.2.3 Distribution of arthropods around medium sized car@sses Capreolus
capreolus)

Six medium sized carcasses were investigated: £arma 2, no. 3, no. 4, no. 5, no. 6,
and no. 7. Arthropods at carcass no. 4 and no.ré meainly collected by the first four
pitfall traps: 70 % of arthropods at carcass n(l,247 individuals, Figure 3.2.11), and
69 % of arthropods at carcass no. 5 (2,603 indalg]UFigure 3.2.12). However, around
other medium sized carcasses, arthropods colléstéde first four traps were less than
60 %. In total, 55 % of arthropods at carcass n@,237 individuals, Figure 3.2.9), 58 %
of arthropods at carcass no. 3 (2,748 individUdaigre 3.2.10), 56 % of arthropods at
carcass no. 6 (2,799 individuals, Figure 3.2.189, &1 % of arthropods at carcass no. 7
(11, 568 individuals, Figure 3.2.14) were colledgdhe first four traps.

Table 3.2.2 shows the percentages and the numliee afidividuals of nine taxa which
were collected by the first four pitfall traps. Mothan 80 % of Silphidae, Histeridae,
and Brachycera—larvae were collected by the fiostr ftraps. 78 % of Geotrupidae,

around 60 % of Staphylinidae and Diptera were ctéle by the first four traps.

Table 3.2.2 Percentage and number of individuals afine taxa distributed in the first four
pitfall traps at medium sized carcass (Silp: Silptdae, Hist: Histeridae, Stap: Staphylinidae,
Geot: Geotrupidae, Dipt: Diptera, C-lar: Coleopteralarvae, B-lar: Brachycera-larvae).

Carcass Carcass Carcass Carcass Carcass Carcass Median
no. 2 no. 3 no. 4 no. 5 no. 6 no .7

Hist | 100% 564 94% 131 100% 49 100% 1 56% 10 %84 70| 97 %
Silp | 94% 200 100% 22 88% 35 80% 4 66% 1,839 %781,654| 84%
B-lar | 18 % 3| 91% 70 100% 11 72% 1,085 100 % 1 944 9 82 %
Geot| 83% 354 78% 16p 77% 298 57% 53 81% 208%62 313| 78 %
C-lar| 83% 429) 73% 30 60% 3 50 % 1 82% 658 84 %l7A| 78 %
Dipt | 46 % 179 72% 11§ 84% 410 73% 1,368 42% &8 % 437 63 %
Stap| 65% 108 56% 153 76% 1B8 49% 41 57% 34%60 226 59 %
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Figure 3.2.9 Distribution of all individuals Figure 3.2.10 Distribution of all individuals
at carcass no. 2. at carcass no. 3.

1500 1500 ﬁ

1000 1000

= !. : £ o !l i

1197531 197531

Individuals
Individuals

No. of pitfall traps No. of pitfall traps

Figure 3.2.11 Distribution of all individuals Figure 3.2.12 Distribution of all individuals
at carcass no. 4. at carcass no. 5.
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Figure 3.2.13 Distribution of all individuals Figure 3.2.14 Distribution of all individuals
at carcass no. 6. at carcass no. 7.
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3.2.4 Distribution of arthropods around a large carcass $us scrofa) and a
very large carcass Cervus elaphus)

At carcass no. 8, in total 81 % of arthropods weiéected by the first four pitfall traps

(Figure 3.2.15), and at carcass no. 9 the numberé®e6 (Figure 3.2.16). Table 3.2.1
shows that 15 taxa had significant spatial relatiovith carcass no. 8 (Silphidae,
Dermestidae, Trogidae, Staphylinidae, Cleridaejddidae, Geotrupidae, Coleoptera-
larvae, Diptera, Brachycera-larvae, Saltatoria, nitoidae, Auchenorrhyncha, and
Araneae), and 12 taxa had significant spatial imdatwith carcass no. 9 (Silphidae,
Dermestidae, Trogidae, Staphylinidae, Cleridaejddidae, Geotrupidae, Coleoptera-

larvae, Brachycera, Brachycera-larvae, Saltatand,Heteroptera).
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Figure 3.2.15 Distribution of all individuals Figure 3.2.16 Distribution of all individuals
at carcass no. 8. at carcass no. 9.

Table 3.2.3 shows that more than 80 % of Silphi@e#mestidae, Trogidae, Histeridae,
and Coleoptera-larvae were distributed in the fosat pitfall traps at both carcass no. 8
and no. 9. At carcass no. 8, 99 % of Brachycensmtamere collected by the first four
pitfall traps (660 individuals, Figure 3.2.17); hewer, at carcass no. 9, the percentage
was only 49 % (2,079 individuals, Figure 3.2.18). darcass no. 9, in total 1,068

Brachycera-larvae were collected by pitfall trap Bo
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Table 3.2.3 Percentage and number of individuals afine taxa distributed in the first four
pitfall traps at carcass no. 8 and no. 9.

Taxa Carcass no. 8 Carcass no. 9
Brachycera-larvae 99 % 660 49 % 2,079
Cleridae 97 % 318 88 % 7
Coleoptera-larvae 91 % 7,358 81 % 978
Diptera 79 % 5,355 64 % 437
Dermestidae 98 % 3,154 94 % 978
Histeridae 99 % 9,442 92 % 1,799
Geotrupidae 92 % 1,605 73 % 403
Silphidae 82 % 3,731 94 % 1,342
Staphylinidae 89 % 2,638 64 % 982
Trogidae 97 % 207 95 % 57
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Figure 3.2.17 Distribution of Brachycera- Figure 3.2.18 Distribution of Brachycera-
larvae at carcass no. 8. larvae at carcass no. 9.

Table 3.2.1 shows that Saltatoria and Auchenorihgriad significant spatial relations
with carcass no. 8, however, according to Figui&18. and Figure 3.2.20 these two
taxa had no positive significant relations withazess no. 8. Araneae (Figure 3.2.21) and
Formicidae (Figure 3.2.22) had significant spatgdétions with carcass no. 8. Saltatoria
(Figure 3.2.23) and Heteroptera (Figure 3.3.24) sigdificant spatial relations with

carcass no. 9.
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Figure 3.2.19 Distribution of Saltatoria at Figure 3.2.20 Distribution of
carcass no. 8. Auchenorrhyncha at carcass no. 8.
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Figure 3.2.21 Distribution of Araneae at Figure 3.2.22 Distribution of Formicidae
carcass no. 8. at carcass no. 8.
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Figure 3.2.23 Distribution of Saltatoria at Figure 3.2.24 Distribution of Heteroptera
carcass no. 9. at carcass no. 9.
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3.2.5 Distribution of arthropods in species level at carass no. 8 and no. 9

Thanatophilus rugosus, Thanatophilus sinuatus, Necrodes littoralis, Trox cadaverinus,
and Trox hispidius showed significant relations with carcass no. 8 eatass no. 9.
Lyctocoris campestris showed significant relation with carcass noABdus calcaratus

showed significant relation with carcass no. 9 (@&b2.4).

Table 3.2.4 Overview of the results of the Mann-Whiney U test (MWU) and the Kruskal-
Wallis test (KW) in species level at carcass no.d&hd no. 9, (p < 0.05 is indicated by grey
color, and “N” indicates that this species was ndbund).

] ) Carcass no. 8 Carcass no. 9
Family Species
MWU KW MMU KW
Silphidae Thanatophilus rugosus 0.004 0.007 0.004 0.009
Thanatophilus sinuatus 0.004 0.010 0.004 0.011
Necrodes littoralis 0.004 0.012 0.008 0.012
Geotrupidae Trypocopris vernalis 0.004 0.023 0.004 0.019
Anoplotrupes stercurosus 0.004 0.022 0.004 0.020
Trogidae Trox cadaverinus 0.048 0.106 0.004 0.010
Trox hispidius 0.008 0.015 0.004 0.009
Heteroptera Alydus calcaratus N N 0.004 0.010
Lyctocoris campestris 0.048 0.100 N N
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Figure 3.2.25 Distribution of Trypocopris Figure 3.2.26 Distribution of Trypocopris
vernalis (Geotrupidae) at carcass no. 8. vernalis (Geotrupidae) at carcass no. 9.
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Table 3.2.5 shows that 93 % ®fypocopris vernalis were collected by the first four
pitfall traps at carcass no. 8 (Figure 3.2.25), andarcass no. 9 the percentage was 74 %
(Figure 3.2.26).

Table 3.2.5 Percentage and number of individuals siiributed in the first four pitfall traps
at carcass no. 8 and no. 9.

Species Carcass no. 8 Carcass no. 9
Thanatophilus rugosus 84 % 320 95 % 253
Thanatophilus sinuatus 82 % 1,966 90 % 659
Necrodes littoralis 7% 643 76 % 13
Trypocoprisvernalis 93 % 1,416 74 % 337
Anopl otrupes stercurosus 92 % 111 81 % 17
Trox cadaverinus 89 % 142 92 % 24
Trox hispidius 90 % 18 97 % 28

As to the identified Staphylinidae individuals, leaing species showed significant
spatial relations with carcass no. 8crotona aterrima, Aleochara bipustulata,
Aleochara intricata, Anotylus hamatus, Atheta pseudoelongatula, Creophilus
maxillosus, Nehemitropia lividipennis, Oligota parva, Ontholestes murinus, Oxypoda
opaca, Philonthus concinnus, and Philonthus politus. Only Creophilus maxillosus

showed significant spatial relation with carcassho

3.3 Temporal distribution and succession of carcass-rated

arthropods

3.3.1 Temporal distribution of carcass-related arthropodsin 2009

Figure 3.3.1 shows that at carcass no. 1 the nuofb@thropods first reached a small
peak on the '8 exposure day (26.06.2009) with 1,479 individutiis, abundant taxa on
this day included Silphidae (176 individuals), ldistlae (276 individuals), and Diptera
(733 individuals). On the iBexposure day (03.07.2009) the number of arthropods
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reached the highest point, in total 3,353 individuaere collected, and the most
abundant group on this day was Coleoptera-larva@l f2individuals). After the 17
exposure day (07.07.2009), the number of arthropedseased sharply.
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Figure 3.3.1 Distribution of arthropods at carcasso. 1.

Figure 3.3.2 shows that at carcass no. 1 there ma&reignificant assemblage changes
of arthropods: the first one was from 26.06.20090707.2009, the turnover index

increased from 0.22 to 0.63, and the second ondraas03.07.2009 to 06.07.2009, the
turnover index decreased from 0.53 to 0.16. Therdity of arthropod taxa reached the
highest value on 24.06.2009 (H" = 2.50). The lovagérsity occurred on 03.07.2009

(H" = 1.44), on the same day, the number of aribmlepreached the highest peak.
Another low diversity value occurred on 26.06.2089= 1.71).
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Figure 3.3.2 Diversity index and turnover index ofarthropods at carcass no. 1.
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Figure 3.3.3 shows that the number of arthropodshed the unique peak on th8 8
exposure day (29.07.2009) with 1,032 individualse Thost abundant taxa on this day
included: Silphidae (111 individuals), Histerida#¢74 individuals), Carabidae (122
individuals), and Geotrupidae (136 individuals).oarcass no. 2, the data were missing
from 31.07.2009 to 05.08.2009; therefore, thera isias in Figure 3.3.3 and Figure
3.34
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Figure 3.3.3 Distribution of arthropods at carcassno. 2 (data between 31.07.2009 and
05.08.2009 were missing).

Figure 3.3.4 shows that at carcass no. 2 a remlarkelange of the arthropods
assemblage occurred between 29.07.2009 and 10098.8% Tokeshi turnover index
increased from 0.17 to 0.47. Two highest divergithues occurred on 27.07.2009 (H" =
2.41) and 19.08.2009 (H" = 2.33). The lowest valdiversity occurred on 10.08.2009
(H = 1.57).
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Figure 3.3.4 Diversity index and turnover index ofarthropods at carcass no. 2 (data
between 31.07.2009 and 05.08.2009 were missing).
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Figure 3.3.5 shows that at carcass no. 3, the nuofb&rthropods reached the highest
peak on the B exposing day (10.08.2009) with 498 individualseTmost abundant
group on this day was Histeridae (183 individua@) 26.08.2009 (the #1lexposure
day) a smaller peak with 334 individuals occurr@t 18.09.2009 (the $4exposure
day) the last peak with 310 individuals occurred. darcass no. 3, the data of
14.09.2009 were missing; therefore, there is aigdpgure 3.3.5 and Figure 3.3.6.
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Figure 3.3.5 Distribution of arthropods at carcassio. 3 (data of 14.09.2009 were missing).

Figure 3.3.6 shows that at carcass no. 3, a camgpscchange of arthropod assemblage
occurred between 18.09.2009 and 21.09.2009, theshokurnover index decreased
from 0.44 to 0.19. The diversity index was the letven 12.08.2009 (H" = 1.60). The
diversity index kept in a high level between 142089 and 24.08.2009 (H" > 2).
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Figure 3.3.6 Diversity index and turnover index ofarthropods at carcass no. 3 (data for

14.09.2009 were missing).
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Figure 3.3.7 shows the temporal distribution ofpBitlae in the summer of 2009 at
carcass no. 1, no. 2 and no. 3. At the three csesasSilphidae occurred as soon as the
carcasses were exposed. At all three carcassesuthber of Silphidae reached the
peak between thé"sand &' exposure days, and a small peak occurred betvheehd

and the 1% exposure days. At carcass no. 1, the number ghifiike reached the
highest peak on thé"éexposure day with 176 individuals, the second pesatured on
the 13" exposure day with 120 individuals. At carcass hothe number of Silphidae
first showed a small peak on th® éxposure day with 71 individuals, followed by a
bigger one on the™Bexposure day with 111 individuals. At carcass3jdhe number of
Silphidae reached the peak on tiffeexposure day (10.08.2009) with 60 individuals.
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Figure 3.3.7 Distribution of Silphidae at carcass o. 1, no. 2, and no. 3 in 2009.

Figure 3.3.8 shows the temporal distribution oftefislae in the summer of 2009. At
carcass no. 1, Histeridae occurred as soon asathass was exposed. At carcass no. 2,
Histeridae first occurred on thé"@xposure day. At carcass no. 3, Histeridae first
occurred on the'sexposure day. The number of Histeridae at camassshowed one
conspicuous peak on the"™@xposure day with 637 individuals. At carcass hhe
number of Histeridae showed one unique peak on8thexposure day with 474
individuals. At carcass no. 3, the number of Higis# showed two conspicuous peaks,
the first one was on thé"%xposure day with 183 individuals, and the seanmel was

on the 7' exposure day with 188 individuals.
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Figure 3.3.8 Distributions of Histeridae at carcasso. 1, no. 2, and no. 3 in 2009.

Figure 3.3.9 shows the temporal distribution ofp8tdinidae in the summer of 2009 at
carcass no. 1, no. 2, and no. 3. Staphylinidaeroettias soon as the three carcasses
were exposed. At carcass no. 1, the number of Riaplae kept increasing since the
2" exposure day, and reached the unique peak onéthexbosure day (06.07.2009)
with 253 individuals. At carcass no. 2, the highesak was on the 7exposure day
with 42 individuals. At carcass no. 3, the numbieStaphylinidae showed four similar
peaks, the first peak occurred on th& B4posure day with 28 individuals, the second
peak occurred on the 92xposure day with 30 individuals; the third peaksvon 3%
exposure day with 36 individuals, and the fourtakpeas on the 44exposure day with

32 individuals.

Figure 3.3.10 shows the temporal distribution obtAgoidae at carcass no. 1, no. 2 and
no. 3 in the summer of 2009. At carcass no. 1, @pamtae were first collected on the
4™ exposure day. The number of Geotrupidae reachechigihest peak on the 16
exposure day with 152 individuals. At carcass nds@otrupidae were first collected on
the 2% exposure day. The number of Geotrupidae reachegeahk on the"8exposure
day with 136 individuals. After that the number ased sharply. At carcass no. 3, the

number of Geotrupidae fluctuated, no apparent peegsrred.
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Figure 3.3.11 shows the temporal distribution gftBra at carcass no. 1, no. 2 and no. 3
in the summer of 2009. Dipetera occurred at as s@aifie carcasses were exposed. At
carcass no. 1, the number of Diptera showed a émrsps peak on thé6exposure day
with 733 individuals, and followed by two small gsaon the 18 exposure day with
259 individuals, and on the 84xposure day with 236 individuals. At carcasshydhe
number of Diptera showed two small peaks; the first was on the"6exposure day
with 36 individuals, the second one was on th8 &4posure day with 58 individuals.
At carcasss no. 3, the number of Diptera had auenfpak on the™exposure day with

123 individuals.
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Figure 3.3.9 Distribution of Staphylinidae at carcas no. 1, no. 2, and no. 3 in 2009.
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Figure 3.3.10 Distribution of Geotrupidae at carcas no. 1, no. 2, and no. 3 in 2009.
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Figure 3.3.11 Distributions of Diptera at carcass 0. 1, no. 2, and no. 3 in 2009.
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3.3.2 Temporal distribution of carcass-related arthropodsin 2010

At carcass no. 4, the peak of arthropods occurmethe 18" exposure day (13.09.2010)
with 508 individual (Figure 3.3.12). The abundamixa on this day included

Geotrupidae (132 individuals), Diptera (132 indivads), Staphylinidae (60 individuals),
Carabidae (32 individuals), Histeridae (31 indiath), and Silphidae (26 individuals).

Number of individuals

(0.) ainresadwa) fewliuly

Figure 3.3.12 Distribution of arthropods at carcasso. 4.

Figure 3.3.13 shows that at carcass no. 4, a cwmsws change of arthropod
assemblage occurred between 10.09.2010 and 131@9.8% Tokeshi turnover index
increased from 0.13 to 0.29. The diversity indes ha apparent change between the

first exposure day (H" = 0.86) and the last expeslary (H" = 0.85). On 15.09.2010, the
diversity index was the lowest (H" = 0.52).
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Figure 3.3.13 Diversity index and turnover index ofarthropods at carcass no. 4.
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Figure 3.3.14 shows that the number of arthropedsieass no. 5 was very low until

the 18th exposure day (26.09.2010), a huge amduntaggots leaked out from the

anus of carcass no. 5. The number of arthropodfieeathe unique peak on 27.09.2010

with 3,089 individuals. The abundant taxa on they dncluded Diptera (1,585

individuals) and Brachycera-larvae (1,455 indiviga
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Figure 3.3.14 Distribution of arthropods at carcassio. 5.

Figure 3.3.15 shows that at carcass no. 5, the dsiow®ersity index occurred on
27.09.2010 (H" = 0.79), and the highest divergityex occurred on 06.10.2010 (H" =
2.03). The biggest change of arthropod assemblageried between 06.10.2010 and

11.10.2010, the turnover index decreased from @ 3415.
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Figure 3.3.15 Diversity index and turnover index ofarthropods at carcass no. 5.
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Figure 3.3.16 shows the distribution of Silphidaghe autumn of 2010. At carcass no.
4, Silphidae were first collected on th® &xposure day (08.09.2010), and the number
of individuals reached the highest peak on tH2 éxposure day with 26 individuals. At
carcass no. 5, Silphdae were first collected onl8ieexposure day (24.09.2010), and

in total only five Silphidae individuals were catted.
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Figure 3.3.16 Distribution of Silphidae at carcasso. 4 and no. 5 in 2010.

Figure 3.3.17 shows the distribution of Histerida¢he autumn of 2010. At carcass no.
4, Histeridae were first collected on thé"ixposure day with 31 individuals, after that
the number of individuals decreased. No Histerigaare collected after the 19
exposure day. At carcass no. 5, only one Histerida® collected on the T%xposure

day (27.09.2009).
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Figure 3.3.17 Distribution of Histeridae at carcassno. 4 in 2010, no Histeridae were
collected at carcass no. 5.
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Figure 3.3.18 shows the distribution of Staphyla®dn the autumn of 2010. At carcass
no. 4, Staphylinidae were first collected on tH& &posure day. The number of
individuals showed two peaks, the first one wastiom 13" exposure day with 51

individuals, and the second one was on th8 é4posure day with 43 individuals. At
carcass ho. 5, Staphylinidae were first collectedh® 2% exposure day. There was a

small peak of on the f9exposure day with 20 individuals.
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Figure 3.3.18 Distribution of Staphylinidae at carass no. 4 and no. 5 in 2010.

Figure 3.3.19 shows the temporal distributions ebtupidae in the autumn of 2010.
At carcass no. 4, Geotrupidae were first colleatedthe &' exposure day, and the
number reached a conspicuous peak on tieekposure day with 132 individuals. On
the 14" exposure day there was a small peak with 51 iddals, after that the number
decreased. At carcass no. 5, Geotrupidae werechikcted on the™ exposure day,

and no apparent peak occurred.
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Figure 3.3.19 Distribution of Geotrupidae at carcas no. 4 and no. 5 in 2010.
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Figure 3.3.20 shows the distributions of Diptersha autumn of 2010. At carcass no. 4,
Diptera were first collected on th& @xposure day, and the number of Diptera reached
the highest peak on the iZxposure day with 221 individuals. No Diptera were
collected after the 26exposure day. At carcass no. 5, Dipetra were ¢iofiected on
the 2 exposure day. The number of individuals showedrspgicuous peak on the"19
exposure day with 1,585 individuals. After the™3dxposure day, no Diptera were

collected.
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Figure 3.3.20 Distribution of Diptera at carcass no4 and no. 5 in 2010.

3.3.3 Temporal distribution of carcass-related arthropodsin 2011

At carcass no. 6, the number of arthropods showssdadl peak on 18.04.2011 with 266
individuals, and on 20.05.2011 the number reachechighest peak (the B&xposure
day) with 788 individuals (Figure 3.3.21). The abtlant taxon on this day was
Silphidae (474 individuals).

At carcass no. 6, on 29.04.2011 the diversity indas the highest (H" = 2.32), and on
11.07.2011 the diversity index was the lowest (H0.63). A conspicuous change of
arthropod assemblage occurred between 13.07.2@L15%07.2011, the turnover index
decreased from 0.69 to 0.22 (Figure 3.3.22). Tha ttam 20.05.2011 to 06.06.2011

were missed; therefore, there were two gaps inrBigB.21 and Figure 3.3.22.
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Figure 3.3.21 Distribution of arthropods at carcassno. 6 (data from 20.05.2011 to
06.06.2011 were missing).
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Figure 3.3.22 Diversity index and turnover index ofarthropods at carcass no. 6 (data from
20.05.2011 to 06.06.2011 were missing).

Figure 3.3.23 shows that at carcass no. 7, the aunotb arthropods had two

conspicuous peaks, the first one was on th& édposure day (on 27.04.2011) with
1,069 individuals, the most abundant taxa on they déhcluded Silphidae (385

individuals) and Formicidae (499 individuals). Teecond peak occurred on the"47

exposure day (on 23.05.2011) with 1,465 individugi® most abundant taxa on this
day included Silphidae (470 individuals) and Coteog@-larvae (499 individuals). The
temperature was the lowest on 04.05.2011 (- 16&}his day only 41 individuals were
collected.
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Figure 3.3.23 Distribution of arthropods at carcasso. 7.

Figure 3.3.24 shows that at carcass no. 7, twopiomsus changes of arthropods
assemblage occurred from 18.04.2011 to 29.04.20h&. Tokeshi turnover index
decreased from 0.67 to 0.25 between 27.04.20122ar@i#.2011. From 18.04.2011 to
20.04.2011, the Tokeshi index increased from 0@1066. From 10.06.2011 to
15.07.2011, the Tokeshi index had again stronguhatmns. The diversity index was
extremely low on 20.04.2011 (H" = 0.57), and or0@12011 (H" = 0.39).
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Figure 3.3.24 Diversity index and turnover index ofarthropods at carcass no. 7.
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Figure 3.3.25 shows the distribution of Silphideen the spring to the autumn in 2011.
At carcass no. 6, Silphidae were first collectedtmnd" exposure day, and the number
of Silphidae reached highest peak on th® éeposure days with 474 individuals. After
the 68" exposure day, no Silphidae were collected. Atass®o. 7, Silphidae were first
collected on the"®exposure day. The number of Silphidae had two ek first one
was on the Z1day with 385 individuals, and the second one washe 47 exposure

day with 470 individuals. After the 8exposure day, no Silphidae were collected.

Figure 3.3.26 shows the distribution of Histerifi@en the spring to the autumn in 2011.
At carcass no. 6, Histeridae were first collectedtie 4% exposure day. The number
of Histeridae reached the unique peak on th® &gposure day with only seven
individuals. At carcass no. 7, Histeridae weret fusllected on the Z1exposure day.

The number of Histeridae reached the peak on tReesfosure day with 21 individuals.

Figure 3.3.27 shows the distribution of Staphyla®drom the spring to the autumn in
2011. At carcass no. 6, Staphylinidae were firstected on the 8 exposure day. The
number of Staphylinidae reached the peak on tfeetposure day with ten individuals.
At carcass no. 7, Staphylinidae were first colldcte the 1% exposure day. The
number of Staphylinidae reached the highest peakher2¥ exposure day with 22

individuals.

Figure 3.3.28 shows the distribution of Geotrupifi@en the spring to the autumn in
2011. At carcass no. 6, Geotrupidae were firstectdid on the % exposure day. The
number of Geotrupidae reached the peak on tffeeBosure day with 28 individuals.
After that, the number decreased. At carcass n@eotrupidae were first collected on
the 14" exposure day. The number of Geotrupidae reacteedehk on the Jlexposure
day with 34 individuals. After that the number dsaged.

Figure 3.3.29 shows the distribution of Coleoptaraae from the spring to the autumn
in 2011. At carcass no. 6, Coleoptera-larvae wies¢ dollected on the Z9exposure
day. The number of Coleoptera-larvae showed thee&s the first peak was on thé"34
exposure days with 101 individuals, the secondwasg on the 43 exposure day with

130 individuals, and the third one was on th¥ 8Rposure day with 137 individuals. At
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carcass no. 7, Coleoptera-larvae were first catbain the 2% exposure day. The
highest peak occurred on the™@&xposure day with 499 individuals. After that, the
number decreased.

Figure 3.3.30 shows the distribution of Dipteranfrthe spring to the autumn in 2011.
At carcass no. 6, Diptera were first collected ba " exposure day. The number of
Diptera reached the highest peak on th& @8posure day with 24 individuals. At
carcass no. 7, Diptera were first collected on 2Pfeexposure day. The number of
Diptera reached the first peak on the'2kposure day with 70 individuals, and the
second peak occurred on thé"4kposure day with 47 individuals.
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Figure 3.3.25 Distribution of Silphidae at carcass0. 6 and no. 7 in 2011.
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Figure 3.3.26 Distribution of Histeridae at carcas®0. 6 and no. 7 in 2011.
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Figure 3.3.27 Distribution of Staphylinidae at carass no. 6 and no. 7 in 2011.
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Figure 3.3.28 Distribution of Geotrupidae at carcas no. 6 and no. 7 in 2011.
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Figure 3.3.29 Distribution of Coleoptera-larvae atarcass no. 6 and no. 7 in 2011.
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Figure 3.3.30 Distribution of Diptera at carcass no6 and no. 7 in 2011
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Figure 3.3.31 shows that at carcass no. 8, the aumibarthropods reached the first
peak on the B exposure day (23.05.2011) with 2,499 individu@lse abundant taxa on
this day included Silphidae (823 individuals), addteridae (725 individuals). The
second peak occurred on thé"xposure day (06.06.2011) with 2,948 individutiis,
abundant taxa on this day included Histeridae (@@ividuals), Coleoptera-larvae (581
individuals), and Formicidae (600 individuals). é&ftthat, the number of arthropods
decreased sharply, until the "} 2xposure day (29.06.2011) the number increased to
1,432. After 03.08.2011, the number started toehess.
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Figure 3.3.31 Distribution of arthropods at carcasso. 8.

Figure 3.3.32 shows that there were two conspicuchenges of the arthropods
assemblage at carcass no. 8. The first one wasbpt23.05.2011 and 25.05.2011, the
Tokeshi turnover index increased from 0.16 to 0.#8e second one was between
27.05.2011 and 30.05.2011, the turnover index dseck from 0.37 to 0.10. From
01.06.2011 to 22.06.2011, the Tokeschi turnoveexndas stable. From 24.06.2011 to
the end, the Tokeshi turnover index kept fluctusti@n 09.09.2011 (H” = 0.96) and on
12.10.2011 (H" = 0.84), the diversity indexes wextremely low. The highest diversity
index (H" =2.47) occurred on 25.07.2011. At caraass8, when the diversity index
decreased, the turnover index decreased too, fnmpbe, on 23.05.2011, 24.06.2011,
04.07.2011, 22.07.2011, and 26.09.2011.
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Figure 3.3.32 Diversity index and turnover index ofarthropods at carcass no. 8.

Figure 3.3.33 shows that at carcass no. 9, the aumibarthropods reached the first
peak on the B exposure day (06.06.2011) with 2,468 individushe most abundant
taxa included Histeridae (955 individuals) and Kilae (603 individuals). The highest
peak occurred on the %@xposure day (10.06.2011) with 2,807 individugtie most
abundant taxon was Brachycera-larvae with 2,144vithgals. From 13.06.2011 to
15.06.2011, the number of arthropods decreaseglgtfesm 2,144 to 733.
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Figure 3.3.33 Distribution of arthropods at carcasso. 9.

Figure 3.3.34 shows that at carcass no. 9, the doww&ersity index (H* = 1.03)

occurred on 10.06.2011. The Tokeshi turnover ingleawed there was an apparent
change of arthropods assemblage between 06.06.20d4108.06.2011, the Tokeshi
turnover index decreased from 0.33 to 0.18. Atassmo. 9, the relation between the
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diversity index and the turnover index were différérom that at carcass no. 8. For
example, on 08.06.2011, 25.07.2011, 12.09.2011,24n@.2011, when the diversity
index increased, the Tokeshi turnover index in@da®o, however, on 04.07.2011
when the Tokeshi turnover index increased, therdityeindex decreased. Therefore,
there was no relation between the diversity indexthe Tokeshi turnover index.
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Figure 3.3.34 Diversity index and turnover index ofarthropods at carcass no. 9.

Figure 3.3.35 shows the distribution of Silphidee the summer to the winter in 2011.
At carcass no. 8, Silphidae were first collectecttom2® exposure day. The number of
individuals showed only one conspicuous peak on SReexposure day with 823
individuals. At carcass no. 9, Silphidae were fastiected on the '6exposure day, the
number of individuals showed one apparent peakhenéf' exposure day with 603

individuals. On the 38 exposure day there was a small peak with 163 ichails.

Figure 3.3.36 shows the distribution of Histeridemm the summer to the winter in
2011. At carcass no. 8, Histeridae were first ctélé on the % exposure day. The
number of individuals showed four peaks, the firs¢ was on the"sexposure day with
725 individuals, the second one was on th® égposure day with 801 individuals, the
third one was on the 8&xposure day with 736 individuals, and the last ooeurred
on the 78 exposure day with 565 individuals. At carcass fioHisteridae were first

collected on the & exposure day. The number of Histeridae showedconspicuous
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peak on the ! exposure day with 955 individuals. On thé"@&kposure day there was a

small peak with 300 individuals.

Figure 3.3.37 shows the distribution of Staphyla@drom the summer to the winter in
2011. At carcass no. 8, Staphylinidae were firstected on the %' exposure day. The
number increased until the ®@&xposure day (89 individuals), after that the nemb
decreased. After the #%xposure day, the number of Staphylinidae stadddcrease
and reached the highest peak on th8 &gosure day with 148 individuals. At carcass
no. 9, Staphylinidae were first collected on tH® éposure day. The number of
Staphylinidae showed two peaks, the first one agecuon the 18 exposure day with
111 individuals, and the second one occurred on 64i& exposure day with 68

individuals.

Figure 3.3.38 shows the distribution of Geotrupiff@en the summer to the winter in
2011. At carcass no. 8, Geotrupidae were firstectdid on the " exposure day. The
number of Geotrupidae showed three apparent peh&sfirst one was on the"®
exposure day with 103 individuals, and the secomel was on the 1exposure day
with 131 individuals, after that the number deceeasrhe third peak occurred on the
51 exposure day with 111 individuals. At the carcass 9, Geotrupidae were first
collected on the"8exposure day. The number of Geotrupidae showectomspicuous
peaks. The first one was on th® éxposure day with 44 individuals. The second one

was on the 3 exposure day with 38 individuals.

Figure 3.3.39 shows the distribution of Dermestiftaen the summer to the winter in
2011. At carcass no. 8, Dermestidae were firsect#d on the Bexposure day. On the
16" exposure day, there was a small peak with 155vitheals. The number of
Dermestidae increased to 339 on th& 4Xposure day. The highest peak occurred on
the 49" exposure day with 415 individuals. At carcass $ioDermestidae were first
collected on the '6exposure day. The conspicuous peak occurred o8dhexposure
day with 129 individuals.

Figure 3.3.40 shows the distribution of Dipteranfrthe summer to the winter in 2011.

At carcass no. 8, Diptera were collected on tPfeeXposure day. The highest peak

51



Animal biodiversity and food web restoration basedarge vertebrate carcasses

occurred on the 1exposure day with 347 individuals. On thé"&kposure day, there
was a small peak with 215 individuals. At carcagssd Diptera were first collected on
the 3% exposure day. The number of Diptera showed onéypmak on the 1Bexposure
day with 342 individuals.

Figure 3.3.41 shows the distribution of Coleoptaraae from the summer to the winter
in 2011. At carcass no. 8, Coleoptera-larvae wiesedollected on the" exposure day.
The number of Coleoptera-larvae reached the fieskpn the 12 exposure day with
672 individuals. After the 2% exposure day, the number decreased. On tffe 54
exposure day, there was a small peak with 297 idhdals. The highest peak occurred
on the 72 exposure day with 886 individuals. At carcass®dColeoptera-larvae were
first collected on the'8exposure day. The number had two conspicuous pthakéirst
one was on the f3exposure day with 167 individuals, and the secomel was on the

17" exposure day with 177 individuals.
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Figure 3.3.35 Distribution of Silphidae at carcasso. 8 and no. 9 in 2011.
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Figure 3.3.36 Distribution of Histeridae at carcas®0. 8 and no. 9 in 2011.
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Figure 3.3.37 Distribution of Staphylinidae at carass no. 8 and no. 9 in 2011.
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Figure 3.3.38 Distribution of Geotrupidae at carcas no. 8 and no. 9 in 2011.
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Figure 3.3.39 Distribution of Dermestidae at carcasno. 8 and no. 9 in 2011.
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Figure 3.3.40 Distribution of Diptera at carcass no8 and no. 9 in 2011.
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Figure 3.3.41 Distribution of Coleoptera-larvae atcarcass no. 8 and no. 9 in 2011.
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3.4 Succession of Silphidae and Geotrupidae speciesdgll

3.4.1 Succession of Silphidae species

In total, ten species of Silphidae were recordeddhl. At carcass no. 8 all ten species
were recorded. Five species at carcass no. 9,sfpeeies at carcass no. 7, and three
species and at carcass no. 6 were recorded (Tablg.3

Table 3.4.1 Number of Silphidae species collecten 2011.

Species of Silphidae Carcass no. 6Carcass no. 7 Carcass no. 8 Carcass no. 9
Thanatophilus rugosus 84 304 383 265
Thanatophilus sinuatus 1,340 1,152 2,407 733
Necrodes littoralis 28 107 838 17
Necrophorus humator 0 0 2 0
Necrophorus vestigator 0 1 6 2
Necrophorus fossor 0 0 1 0
Necrophorus sepultor 0 0 7 0
Necrophorus investigator 0 0 3 1
Necrophorus vespilloides 0 0 2 0
Oeceoptana thoracica 0 0 1 0
Sum 1,452 1,564 3,650 1,018

Figure 3.4.1 shows thdthanatophilus rugosus (13 %) Thanatophilus sinuatus (74 %)

and Necrodes littoralis (13 %) were the most abundant species of Silphida2011.
Figure 3.4.2 shows that the second abundant spatiesrcass no. 6, no. 7, and no. 9
was Thanatophilus rugosus. At carcass no. 8, the second abundant species was
Necrodes littoralis.

57



Animal biodiversity and food web restoration basedarge vertebrate carcasses

2500

2 mT.rugosus

é 2000 ET. sinuatus

E 1500 N. Tittoralis

o

& 1000

o

£

3 500

0 n
C6 Cc7 C8 Cc9

Figure 3.4.1 Composition of Figure 3.4.2 Abundant species of Silphidae in 2011
Silphidae species in 2011. (“C” is the abbreviation of the carcass).

At carcass no. 6[hanatophilus rugosus andThanatophilus sinuatus were first collected
on the &' exposure dayNecrodes littoralis was first collected on the #&xposure day.
The first peak ofThanatophilus sinuatus was on the 19 exposure day with 140
individuals, and the second peak was on th® &&osure day with 243 individuals
(Figure 3.4.3).
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Figure 3.4.3 Distribution of Silphidae species atarcass no. 6.

At carcass no. 7Fhanatophilus rugosus, Thanatophilus sinuatus andNecrodes littoralis
were first collected on the™sexposure day. The number Bhanatophilus sinuatus
reached the first peak on the*2dxposure day with 251 individuals, the highestkpea
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occurred on the 38exposure day with 280 individuals, and the lastkpeccurred on
44"M exposure day with 177 individuals. The numbefladinatophilus rugosus showed
only one conspicuous peak on thé'2kposure day with 118 individuals. The number
of Necrodes littoralis showed one peak on 2&xposure day with 66 individuals (Figure
3.4.4).
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Figure 3.4.4 Distribution of Silphidae species atarcass no. 7.

Figure 3.4.5 shows that at carcass nd@hanatophilus sinuatus, Thanatophilus rugosus
and Necrodes littoralis were first collected on the"2exposure dayThanatophilus
sinuatus was mainly collected from thé"sand 16' exposure day and from the"s@
the 629 exposure day. The number Hfanatophilus sinuatus reached the highest peak
on the §' exposure day with 614 individuals. The numbefThénatophilus rugosus
showed two peaks, the first one was on the¥posure day with 79 individuals, and the
second one was on the™6xposure day with 83 individuals. The numbeNefrodes

littoralis showed one peak on th Bxposure day with 142 individuals.

Figure 3.4.6 shows that at carcass noltnatophilus sinuatus was first collected on

the 29 exposure day. The numberTianatophilus sinuatus showed two peaks, the first
one was on the"5exposure day with 235 individuals, and the secome was on the

37" exposure day with 146 individualShanatophilus rugosus and Necrodes littoralis
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were first collected on thé"sexposure day. The number Hfanatophilus rugosus had

only one conspicuous peak on theekposure day with 235 individuals (Figure 3.4.6).
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Figure 3.4.5 Distribution of Silphidae species atarcass no. 8.
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Figure 3.4.6 Distribution of Silphidae species atarcass no. 9.
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3.4.2 Succession of Geotrupidae species

In total, three species of Geotrupidae were catban the research area in 2011:
Trypocopris vernalis, Typhaeus typhoeus, and Anoplotrupes stercurosus. Figure 3.4.7
shows that at all four carcasses in 2011 the mimshadant Geotrupidae species was
Trypocopris vernalis. Table 3.4.2 shows that at carcass no. 8, the aunab
Geotrupidae was the highest (1,545 individuals3, iimber at carcass no. 6 was the

lowest (147 individuals).

Table 3.4.2 Number of Geotrupidae species collectéu 2011.

Species of Geotrupidae Carcass no. 6Carcass no. 7 Carcass no. 8 Carcass no. 9
Trypocoprisvernalis 144 338 1,414 432
Typhaeus typhoeus 0 22 9 7
Anopl otrupes stercurosus 3 6 122 16
Sum 147 366 1,545 455
6%
1% «» 1400 .
o] mT.vernalis
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Figure 3.4.7 Composition of Figure 3.4.8 Comparison of abundant species of
Geotrupidae species in 2011. Geotrupidae species in 2011 (“C" is the

abbreviation of carcass).

At carcass no. 6]rypocopris vernalis was first collected at the P3exposure day
(08.04.2011).Anoplotrupes stercurosus was first collected on the #7exposure day

(Figure 3.4.9). Nd'yphaeus typhoeus was found at carcass no. 6.
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Figure 3.4.9 Distribution of Geotrupidae species atarcass no. 6.

At carcass no. 7Jrypocopris vernalis was first collected on the T2exposure day
(18.04.2011) and the number Tfypocopris vernalis showed three peaks, the first one
was on the 21 exposure day with 26 individuals, the highest ovas on the 98
exposure day with 31 individuals, and the last was on the 167 exposure day with
24 individuals. Typhaeus typhoeus was first collected orthe 164" exposure day.

Anoplotrupes stercurosus was first collected on the 18@xposure day (Figure 3.4.10).
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Figure 3.4.10 Distribution of Geotrupidae speciestaarcass no. 7.
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At carcass no. 8Trypocopris vernalis was first collected on the"®exposure day
(20.05.2011), and the number Bfypocopris vernalis increased with fluctuations and
reached the highest peak or"s#posure day with 87 individual$yphaeus typhoeus
was first collected on the"2exposure dayAnoplotrupes stercurosus was first collected
on the 2% exposure day, and the number reached the pediedsh exposure day with
9 individuals (Figure 3.4.11).
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Figure 3.4.11 Distribution of Geotrupidae speciestaarcass no. 8.

At carcass no. 9Trypocopris vernalis was first collected on the"® exposure day
(03.06.2011), and the number Tfypocopris vernalis reached the highest peak on the
37" exposure day with 38 individual&noplotrupes stercurosus was first collected on
the 8" exposure day with four individual$yphaeus typhoeus was first collected since

the 126" exposure day (Figure 3.4.12).
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Figure 3.4.12 Distribution of Geotrupidae speciestaarcass no. 9.

4 Discussion

4.1 Methods

4.1.1 Pitfall traps
Pitfall traps are cheap and efficient method fothraypod collection (Luff 1975);

however, there are four imperfections which cannfyggroved for further study. Firstly,
in this research, pitfall traps were not instaltiectly under the carcass but around the
carcass. The arthropods fell into pitfall traps wtieey came to or left the carcass.
Therefore, the actual number of arthropods living aarcasses was higher than the
number showed by pitfall traps. However, the desifjpitfall traps fulfilled the object

of checking the occurrence and assemblage of adldroommunity around carcasses.

Secondly, when Coleoptera-larvae and Brachycexadéacomplete their developments

on carcasses, they migrate in different directiand pupate in the surrounding soil
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(Goff 2009 a). The pitfall traps in this study wenstalled on the same level of the soil
surface, so the number of larvae collected by Ipitfaps was much lower than the
actual number. In order to resolve this problemadditional investigation on larvae
around carcasses has been done in 2012, 150 mnsoikspmples were taken in eight
directions, and the larvae in the soil were coumdealdjust the results.

Thirdly, extreme climate conditions influenced therformance of the pitfall traps.
High temperature and longtime sunlight in summesed ethanol evaporation in short
time. Storm and heavy rain filled the traps withtevaand arthropods in the traps were

washed away.

At last, sometimes wild boars in the research atestroyed the pitfall traps and
overturned the carcass to feed on the arthropadsré=4.1.1 shows a sampling area
which destroyed by wild boar. In order to avoid thas, for modeling, one week (sum
of three times sampling) was used as one unit lmulzde the number of arthropods.
The last two imperfections caused the bios of ¢éinepioral distribution of the arthropods

at carcass no. 2, no. 3 and no. 6 in chapter 3.3.

Figure 4.1.1 Sampling area of carcass no. 9 destexy by wild boars (photos were taken on
16.09.2011).
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4.2 Biology of abundant taxa in the research area

Staphylinidae are the largest beetle family in @rEurope with almost 2,000 species
(Harde & Severa 1998). Most of the species in fiumsily are predatory species (Koch
1989). Histeridae species are all carnivore; ineganthey feed on larvae of small
insects in decaying plant and animal matters (H& &=vera 1998)Dermestes species
of Dermestidae feed on the carcasses of vertehiRéasock 1993).

Trogidae and Cleridae were not abundant at theasarim this study but they used the

carcasses for the longest time. Cleridae adultslaande are predacious. Some species
occur on flowers or wood, while speciesN#crobia can be found on old bones and

carrion (Harde & Severa 1998). Trogidae species dinm dry material of animal origin

such as skins, hooves, feathers, bones and cadalsde & Severa 1998).

Table 4.2.1 Biology of abundant beetle taxa in theesearch area (Harde & Severa 1998,
Koch 1989), (“No. of individuals” is the sum of thenumber which were collected in the
research area at all nine carcasses, and “No. ofegies” is the number of species in central
Europe).

Famil Habitat and Food No. of No. of
y Ecological niche species individuals

. On matter of animal
Dermestidae . Carcass of vertebrates 48 4,643
origin, on flowers

On dung, carrion,

Geotrupidae . . Dung, fungi, carcasses 8 4,546
rotting fungi
On carrion, dung, Larvae of small insects in

Histeridae rotting fungi, and under decaying plant and 94 13,430
bark carcasses
On carrion, on decaying Carcasses, maggots, other

Silphidae plant and living plant  small arthropods visit 30 9,006
tissue carrion, plant tissues

. Predatory, fungi, algae,
- D d diff t .
Staphylinidae epends on ditteren decaying plant matter, 2,000 5,232

enera o )
9 parasitoid on other insects

In central Europe, eight species of Geotrupidae ieeen recorded. In the research area,

three species were found (Table 4.2Ttypocopris vernalis is present from March to
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November and prefers living in open land (R6n&r2}0and it was the most abundant
species in our research aréenoplotrupes stercurosus is present from February to
December mostly, and prefers living in forest (R&f32012). However, in the research
area, in total 147 individuals dinoplotrupes stercurosus were collected in 2011 at
open landscape (122 individuals were collectecatass no. 8).

Table 4.2.2 Biology of Geotrupidae species in theesearch area (R6Rner 2012, Hard &
Severa 1998), (“No. of individuals” is the sum ofnidividuals collected in the research area
in 2011).

Active Ecological No. of
Species Habitat period inthe . 9 Food o
niche individuals
year
Trypogoprls Open to semi open March to on dung Dung 2,328
vernalis sandy area November
Heath plains, light
Typhaeus pine foregt, open  All over the On dung Dung 38
typhoeus and semi-open year
landscape
ANODI Ot UDES February to On carcasses, Carcasses,
P P Forest y on dung, and dung, and 147
stercurosus December .
fungi human feces

In central Europe, Silphidae include 12 genera Bllspecies. Most species of genera
Necrophorus, Necrodes, Oeceoptoma, and Slpha are necrophagous (Hard & Severa
1998, Ruzicka 1994). In the research area, tenespet Silphidae were recorded (Table
4.2.3). Thanatophilus sinuatus was the most abundant species. In total 838 indal&l

of Necrodes littoralis were collected at carcass no. 8, sihserodes littoralis prefers
living on large carcasses (Erbeling 1990), and wlegght of carcass no. 8 was the
heaviest (75 kg)Necrophorus species were not often collected, since they piefiag

on small vertebrates, e.g. birds and rats. Onlyinderidual of Oeceoptana thoracica

was collected at carcass no. 8, this species pri¥arg in the forest (Erbeling 1990).
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Table 4.2.3 Biology of Silphidae species in the msrch area (Erbeling 1990, Koch 1989,
Ruzicka 1994), (“No. of individuals” is the sum ofindividuals collected in the research

area in 2011).

Active Ecological No. of
Species Habitat period in . g Food L
niche individuals
the year
. Open land, light . Carcasses
Thanatophilus P 19 April to On carcasses, !
forest, forest . maggots, dead 1,036
rugosus September bones, skin .
edges insects
. Open land, light . Carcasses
Thanatophilus P 19 April to On carcasses, !
. forest, forest . maggots, dead 5,632
sinuatus September bones, skin .
edges insects
Dry forest edges,
y ¢ . On large
Necrodes meadows, April to Carcasses,
. . . carcasses, 990
littoralis floodplains, heath September i maggots
bones, skin
land
Moist forest, On CArcasses Carcasses,
Necrophorus forest edge, flood April to . " maggots, small
; bones, in dung, . 2
humator plain, garden, October . . " Necrophilous
in rotting fungi
meadow arthropods
Large open area . Carcasses;
. . On carcasses, in
Necrophorus with enough sun  April to . . maggots; small
. ; dung, in rotting . 9
vestigator exposed field, September ; Necrophilous
fungi
heath land arthropods
Forest, forest . Carcasses;
On carcasses, in
Necrophorus edge, dry area,  June to maggots; small
i dung of . 1
fossor field, meadow, November . Necrophilous
carnivores
fallow arthropods
Especially in On carcasses, in
. Carcasses;
forests, agaricol, . dung of
Necrophorus : April to . maggots; small
otherwise mostly carnivore and . 7
sepultor . September . . Necrophilous
in large-scale omnivore, in
) . . arthropods
field landscape rotting fungi
Especially in On small Carcasses,
Necrophorus forest, heather June to carcasses, fresh maggots, small 4
investigator land, moist October bone, in rotting  Necrophilous
meadow fungi arthropods
. On small Carcasses,
Forest especially . .
Necrophprus ) ~ April to carcasses, in maggots, small
o dry conifer forest; . . . 2
vespilloides November dung, in rotting Necrophilous
forest edge .
fungi arthropods
Forest, woods, . On carcasses, in
Oeceoptana April to . . Carcasses, dung,
. garden, grassland, dung, in rotting . . 1
thoracica August rotting fungi

prefer forest area

fungi
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In the research area, Geotrupidae used the casaasficantly longer than Silphidae.
Geotrupidae species were collected by the pitfaibg until the 200 exposure day;

however, after the #Dexposure day no Silphidae species were collectgdrore.
4.3 Decomposition process of carcasses

4.3.1 Decomposition stages

Decomposition stages are often used in forensegnseito describe the decomposition
process of carcasses. The most common definitionleebmposition stages in the
forensic science includes the fresh stage, thetddostage, the decay stage, the post
decay stage, and the skeletal stage. The five stagedivided as follows: fresh stage
starts at the moment of death and continues um@ibtoated stage starts. Calliphoridae
and Sarcophagidae arrive first at the fresh stagd,female flies will deposit eggs in
the openings of the head. The bloated stage isedaog the metabolic process of the
anaerobic bacteria, during the bloated stage tlg [®oa distinct habitat, and masses of
maggots are observed. The decay stage begins Whdmotly deflates. Diptera-larvae
are present during this stage. By the end of thiges the flies will have completed their
development and pupate in the surrounding soils&giently, post decay stage starts
when the body is reduced to skin, cartilage, andeb&oleoptera replace Diptera as
dominant taxa. In forensic science, besides thaipllyappearance, Diptera is the main
taxon to distinguish the different decompositioagsis. The skeletal stage is when only
bones and hair remain, and no obviously carriaeguenting taxa are observed (Goff
2009 a). However, in our research, at the skektaye, Geotrupidae, Dermestidae,
Trogidae, and Cleridae were often found on bones.

The definitions of decomposition stages in scientiécology are different; the

decomposition stages are often connected with agptitt successions. Schoenly and
Reid (1987) summarized the arthropod succession theddecomposition stages
boundary of eleven published carrion studies, eathor of the eleven cases has used
their own explanations to describe the decompasitstages, and the length of

decomposition stages of each case is different. é&@mple, Bornemissza (1957)
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described the decay stages of a guinea pig wittalindecay, putrefaction, black
putrefaction, butyric fermentation, and dry deciiygon and Cartin (1981) described the
decay stages of a dog with discoloration stage ,hgsgmatic stage, liquefactive stage,
and mummification. In fact, decomposition stagethwiear boundaries do not exist in
the nature. The succession of arthropods whichdivearrion is a continuum change,
and hardly any carrion study completely supportedtaged-based view of faunal

succession (Schoenly & Reid 1987).

The assemblages of arthropods are influenced byyrastors and are different in
different seasons and habitats, so in this study,decomposition stages were defined
according to the change of physical features otasmes, not the assemblages of
arthropods. When a carcass is not open, clearljoatdnl stage exists, in total four
stages can be distinguished: the fresh stage, |[taeld stage, the black purification
stage (starts when the body deflates and the neaiturie is the carcass starts to turn
black), and the mummification stage. Figure 4.Zhbwss that the bloated stage of
carcass no. 5 started after five days exposurebldek purification stage started after

14 days exposure, and the decomposition procegsidndthe mummification stage.

When a carcass is open, no bloated stage occutghardecomposition stages include
the fresh stage, the decay stage, and the skaletgé. The decay stage is further
divided into wet decay stage and dry decay stagerding to the physical appearance
of the carcass. During the wet decay stage the aet, when the dry decay takes
place the body turns dry and most flesh are condurkéggure 4.3.2 shows the
decomposition stages of carcass no. 6. On 16.0B,284 soon as the carcass was
exposed, the fresh stage started. On 28.03.20tdassano. 6 was in the wet decay
stage, on 13.05.2011 carcass no. 6 was in theadgydstage, and on 10.06.2011 it was
in the skeletal stage.

Braack (1981) mentioned that the species richneddhee diversity of the community is
the highest around the transition from the wetrjodicay stage. However, according to
the results of our research, the diversity indeX) {Hictuated permanently around 2.0

(most often from 1.3 to 2.3), except carcass ndahd diversity index at carcass no. 4
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was lower than 1.0 during the whole decompositimtess, and the lowest value was
H" = 0.52. The highest diversity index at differeatcasses occurred on different days.
Table 4.3.1 shows that when the number of arthrepedched the highest peak, the
diversity index was relatively low, and no sign#it relation was found between the
diversity index and the Tokeshi index. The diversiidex in this study was calculated

in taxon level, not in species level, that could éb@ossible reason caused different
results with Braack (1981).
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Figure 4.3.1 Decomposition process of carcass no. 5
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Figure 4.3.2 Decomposition process of carcass no. 6

Table 4.3.1 Comparison of the diversity index (“C"is the abbreviation of carcass, “No.” is
the number of the arthropods, “No. max” indicates he maximal number of arthropods
during the whole decomposition process, “H"” indicées the diversity index, “T"” indicates
the turnover index, “H” max” indicates the maximal value of the diversity index during
the whole decomposition process).

Carcass | Exposureday  No. max H T Exposure day No. H” max T
No. 1 13 3,353 1.44 0.53 16 2,593 2.21 0.16
No. 2 1,032 1.84 0.17 6 414 2.41 0.33
No. 3 498 1.91 0.36 14 172 2.26 0.23
No. 4 10 508 0.81 0.28 21 70 0.95 0.14
No. 5 19 3,089 0.79 0.36 28 34 2.03 0.34
No. 6 67 788 1.39 0.19 44 76 2.32 0.18
No. 7 a7 1,465 1.78 0.15 90 141 2.25 0.64
No. 8 19 2,948 2.02 0.11 101 344 2.48 0.26
No. 9 23 2,807 1.03 0.16 54 537 2.39 0.18
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4.3.2 Factors influencing decomposition process

In forensic research carcasses are mostly puiceges and covered by wires to protect
them from vertebrate scavengers. When the influentéarge scavengers are excluded,
the duration and specificity of different decompiosi stages are dependent on the
weight of carcasses, season, biotic and abiotiditons of the habitat, for example, the

ambient temperature, the degree of humidity as agethe quality and quantity of insect

colonization (Anton et al. 2011, Matuszewski et24l08).

However, in nature when large scavengers exisy, dne the main factor to determine
how long the carcasses will maintain. In terres&@systems, where large scavengers
exist, carcasses are mainly consumed by scavernigesammer 35 % to 75 % of the
carcasses, and in winter 100 % (Carter et al. 2007¢ investigation about European
bison carcasses in Bialowieza primeval forest shihas the time of carcass depletion
does not depend on body mass or activity of ravens,it is affected by carcass
openness and wolf visits (Selva et al. 2003).

Figure 4.3.3 shows that an opened deer carcassomasimed completely in three days
in the research area. It is assumed the scavemg=es wolfs. In the sand area of
Lieberoser Heide on 19.10.2013, six wolfs deplet@dole wild boar carcass in several
hours (Andre 2014, in prep). When large vertebsatarengers exist in the research area,

carcasses were consumed very fast, and no decdiopatages were observed.

Figure 4.3.3 A roe deer carcass was consumed in d& days.
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4.4 Interactions between the carcass and the ecosystem

The studies in forensic science mainly focus on howse the succession pattern of
arthropods, and the change of surrounding enviromtoeestimate the minimum post -
mortem interval (Archer 2003, Villet 2011). The geat study has considered a reverse
direction: how the carcasses influence the artrdopemmunity and the surrounding

environment?

Barton et al. (2012) illustrated the concept “Epkesh Resource Patch”, which
considered carcasses as a unique resource podffantkd the ecological communities
by the dynamic temporal decomposition and patchatigpoccurrence. Carter et al.
(2007) illustrated the concept “Cadaver Decompasitsland”: cadaveric materials are
rapidly introduced to below - ground floral and fialicommunities, which results in the
formation of a highly concentrated island of féil Each cadaver decomposition
island is an ephemeral nature disturbance which cantribute to landscape
heterogeneity, and they are a specialized halotaafnumber of flies, beetles, and
pioneer vegetation, which enhanced biodiversityemestrial ecosystems (Carter et al.
2007).

4.4.1 Arthropods live on carcasses

In the research area besides well-known necroplsagjmecies (Staphylinidae, Silphidae,
Geotrupidae, Histeridae, Dermestidae, Diptera, Brathycera-larvae, Figure 4.4.1),
bees, butterflies, wasps, Heteroptera, and SaHlatwere also observed using the

carcasses directly.

Table 4.4.1 shows the guilds classification of fioal communities in the research
area. In forensic entomology, animals on carri@divided to four guilds according to
their dietary preferences, which include necropbagemnivores, predators, and
parasitoids (Villet 2001, Goff 2009 b). Comparedhe original table from Goff (2009
b), Araneae, Lepidoptera, and Saltatoria are addled .t is the first time that Saltatoria

were recorded using carcasses directly in Germiigyie 4.4.3).
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Table 4.4.1 Guilds classification of functional communities living on carcasses in the
research area of Lieberoser Heide (modified accordg to Goff 2009 b).

) Necrophagous ] ] )
Guild ) Predators and Parasites Omnivorous species
species
) ) i Feed on carrion
Dietary Obligate carrion- Prey on necrophagous o
) ) opportunistically, prey on
preferences | feeding species )
necrophagous species
) Larvae and adults of ) ]
Diptera, Maggots, ) ) o Aranea, Lepidoptera, Saltatoria,
o Histeridae, Staphylinidae, o
Silphidae, o ] Hymenoptera (Formicidae,
Members ] Adults of Silphidae, Diptera, )
Dermestidae, and Apiformes), and scavenging
] Hymenoptera, and
Trogidae ) vertebrates
Mesostigmata

Fourteen species of butterflies were found suckingcarcasses of red deer, roe deer,
mouflon, wild boar, or badgerAglais io (Linnaeus), Apatura ilia (Denis &
Schiffermiller), Aphantopus hyperantus (Linnaeus), Araschnia levana (Linnaeus),
Argynnis adippe (Denis and Schiffermuiller),Celastrina argiolus (Linnaeus),
Coenonympha pamphilus (Linnaeus), Hipparchia semele (Linnaeus), Nymphalis
antiopa (Linnaeus), (Figure 4.4.3)Yanessa atalanta (Linnaeus), Vannesa cardui
(Linnaeus),Polyommatus icarus (Linnaeus) Ochlodes sylvanus (Esper), andPolygonia
calbum (Linnaeus) (Gu et al. 2014).
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Figure 4.4.1 Necrophagous species occurred in 30mates when carcass no. 5 was exposed
(photo was taken on 18.05.2011).
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Figure 4.4.2Nymphalis antiopa on carcass. Figure 4.4.3 Diptera and Saltatoria on
bones.

The presence of carcasses increased the abundiadhropods in the research area.
Table 4.4.2 shows that at carcass no. 8, in tat@18 individuals were collected by the

first four traps and only 3,540 individuals werdlected by the last four traps.

Table 4.4.2 Comparison of spatial distributions ofrthropods.

Carcass Number of arthropods Number of taxa
First four traps Last four traps First four traps L ast four traps

No. 1 7,891 2,844 26 26
No. 2 3,076 1,517 23 18
No. 3 2,748 777 22 15
No. 4 1,247 225 18 11
No. 5 2,603 177 15 9

No. 6 2,799 729 26 16
No. 7 5,095 2,480 27 24
No. 8 37,818 3,540 28 28
No. 9 13,241 3,467 27 27

Table 4.4.2 shows that there is a remarkable eéifieg of the numbers of arthropods
collected at different carcasses, therefore, ddee@ncorrespondence analysis (DCA)
was used to analyze the similarity of occurrencartifiropods at different carcasses.

The first axis explains 44.7 % of the taxa abundavariance, and the first two axes
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explain 56.4 % of the variance. Three hypothesedeawn from Figure 4.4.4. Firstly,
carcasses with similar weights locate near to e#leér, therefore, carcass no. 8, and no.
9 are away from other carcasses. Secondly, cacasgmsed in same habitat locate
near to each other. Carcass no. 5 was the onlywdneh was exposed in forest;
therefore, it locates far away from others. Thirdigrcasses exposed in the same season

locate near to each other; therefore, carcass and3o. 4 are near to each other.
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i o .CSSep
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DCA 2

0471

027¢

0.0 Frrerrone NG M M N il I ZAiilbE
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Figure 4.4.4 Ordination of the detrended corresponence analysis based on the occurrence
of arthropod taxa (DCA), (Black: Capreolus capreolus,; green: Meles meles, red: Cervus
elaphus, blue: Sus scrofa. Abbreviation of “C1Jun” means carcass no. 1 wasxposed in
June).

In order to prove these hypotheses, canonical sporelence analysis (CCA) was used
to analyze the related parameters. Environmentabnpeters include the mean

temperature and the precipitation of the first rhomhen a carcass was exposed (Table
4.4.3). Carcass parameters include the weight lamepenness index of the carcasses,

the openness indexes are defined in three difféegpts (Table 4.4.4).
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Table 4.4.3 Environmental parameters (source: httgiwww.wetterkontor.de, weather
station: Cottbus).

Carcass First month of Average temperature Precipitation
exposing (°C) (mm)
No. 1 Jun. 2009 15.3 93.8
No. 2 Jul. 2009 17.4 108.8
No. 3 Aug. 2009 18.5 48.9
No. 4 Sep. 2010 114 69.8
No. 5 Sep. 2010 114 69.8
No. 6 Mar. 2011 4.7 34.5
No. 7 Apr. 2011 10.9 23.1
No. 8 May. 2011 14.9 46.1
No. 9 Jun. 2011 16.5 54.6

Table 4.4.4 Definition of openness index.

Openness o o
, Definition and characteristic Carcass
index

Carcass is with no open wound, during decomposition
1 ) L No. 1, No. 5
there is a significant bloated stage

Carcass is with open wound,
2 o ) o No. 8
but all inside tissues are still in the carcass

Carcass is completely open at abdomen and no insidio. 2, No. 3, No. 4,
tissues is left No. 6, No. 7, No. 9

Figure 4.4.5 shows the results of CCA, the firss @xplained 20.6 % of the variance of
the occurrence of arthropods, and the first twosaxeplained 35.2 % of the variance.
Carcass no. 1 and no. 5 locate near to each dtheropenness index of both carcasses
is 1. Carcass no. 2, no. 3, no. 4, no. 6, no. 7remd locate near to each other. The
openness index of all these carcasses is 3. Cancassis far away from others. The
weight of carcass no. 8 is the heaviest, and igsoess index is 2.
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Figure 4.45 Ordination based on canonical correspmlence analysis (CCA).
Abbreviations of arthropod groups: Heteroptera (Het), Diptera (Dipt), Coleoptera-larvae
(Clar), Staphylinidae (Stap), Histeridae (Hist), Demestidae (Derm), Trogidae (Trog),
Geotrupidae (Geot), Brachycera-larvae (Blar), Caraimae (Cara), Formicidae (Form),
Silphidae (Silp); abbreviations of environmental paameters: temperature (Temp),
precipitation (Prec); abbreviations of carcass parmeters: weight (Weight), openness
index (Ol), duration of exposing (Dur). “C1Jun” is the abbreviation of carcass no. 1
exposed in June.

Table 4.4.5 shows the marginal effects and the itondl effects of the CCA analysis.
According to the conditional effects, none of thergmeters have significant relation
with the occurrence of arthropods around carcaddesiever, the marginal effects
show that the weight of carcasses is the most itapbparameter, and the openness
index is the second important one. Compared torenwient parameters, carcasses

parameters have stronger influence on the occuwreharthropods.

79



Animal biodiversity and food web restoration basedarge vertebrate carcasses

Table 4.4.5 Marginal effects and conditional effest of canonical correspondence analysis
(see Figure 4.4.5).

Marginal Effects Conditional Effects
Var. No. i :
Variable Lambda 1 Variable Lambda A P F
1 Weight 0.09 Weight 0.09 0.206 1.61
2 ol 0.09 ol 0.08 0.260 1.40
4 Prec 0.06 Temp 0.06 0.388 0.95
3 Temp 0.06 Prec 0.01 0.854 0.21

Table 4.4.5 shows that the average temperaturetia main factor of influencing the
occurrence of arthropods. However, the temporalridigions of arthropods have
differences in different seasons. When the tempezas below 6 °C, most arthropod
activity ceases (Goff 2009 b). According to theufessof the present research, in spring
and autumn, the number of arthropods reached tse geak mostly after the T0
exposure day (e.g. carcass no. 4, carcass no.dnan7), and the first peak of
arthropods at carcass no. 7 even occurred on tHeeposure day. In summer, the
number of arthropods reached the first peak eaniestly between the™and the 8
exposure day (e.g. carcass no. 1, carcass no.r&ssano. 8, and carcass no. 9).
Therefore, a specific rank correlation analysisMeein the number of arthropods and

the minimal temperature has been done.

Spearman Rho test was used to check the relativmebe the temperature and the
number of arthropods. The null hypothesis is thedrd is no significant relation
between the number of arthropods and the mininmapézature on certain sampling day.
Table 4.4.6 shows that there are significant retetibetween the number of arthropods
and the minimal temperature at carcass no. 6,,n.78 and no. 9 (p < 0.05). However,
the Spearman’s Rho valueg @re quite low, which means there is a significgatdation

but not strong.
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Table 4.4.6 Results of Spearman Rho tedtd), “C” is the abbreviation of carcass, “No. 1"
is the abbreviation carcass no. 1, “p < 0.05” is gicated by the grey color.

C No.1 No. 2 No.3 No.4 No. 5 No.6 No.7 No.8 0.9

r« 0467 -0390 0.242 0.174 -0.303 0.380.375 0.271 0.458
p 0.051 0.900 0.305 0.610 0.31< 0.021 0.003 0.038 0.000

4.4.2 Vertebrate scavengers

Obligate scavengers, for example the old and nerdwailtures, will become extinct if

there are not sufficient carcasses, and nearlgahivore vertebrates consume fresh
carrion (DeVault et al. 2003). Large long - lastraycasses may play an important role
by providing food to facultative and obligate vértate scavengers for long periods
especially under severe winter conditions (Selvale003). In total, 70 species of
vertebrates were observed using carcasses in EBgekers et al. 2014, in prep).
Endangered species such as wolf, black vulture, guififbn vulture were found near

carcasses. In the research area of Lieberoser Hieitigtal 22 species of vertebrate

scavengers were recorded (Table 4.4.7).

Ravens and raptors were observed in high abundacdeurnal visitors, they came to
the carcass during the morning hours, however, wodr, red fox and wolf were

observed at the carcass during the night (Lepafeai. 2013). Ravens did not only feed
directly on carcass, but also fed on maggots an@dptera-larvae which migrated

away from the carcass and pupated in surroundiihg so

White - tailed eagle and red fox were mainly sojitieeders. Foxes mostly came alone,
unless a mother fox came with young foxes. Adult fex sometimes showed up

together with several young foxes. Young foxes waeenly observed feeding on the

insects on the carcass. Wild boars always cameiowp.

Ravens were observed solitarily, in pairs or inuga The largest group of ravens
feeding at the same time one on carcass includedddgaduals. Ravens were feeding,

playing, mobbing, and grooming on the carcass (€009, Lowa 2009). According
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to the photo documentations in 2010 and 2011, meximore vertebrate scavengers
visited the carcasses and fierce fights happenedtmes because of the lack of other

food resource.

Table 4.4.7 List of vertebrate scavengers in Liebeser Heide (Krawczynski et al. 2009,
Sudbeck et al. 2009, Meinig et al. 2009, FFH liss iaccording to http://www.fauna-flora-
habitatrichtlinie.de/).

No. Animal species Scientific name EU Status, RL D
1 Wolf Canislupus FFH*II; 1
2 Fox Vulpes vulpes
3 Raccoon dog Nycter eutes procyonoides
4 European badger Meles meles
5 Wild boar Sus scrofa
6 Domestic cat Felis silvestris catus
7 Sea eagle Haliaeetus albicilla VS RL |
8 Red kite Milvus milvus VSRLI
9 Marsh harrier Circus aeruginosus VS RL |
10 Common buzzard Buteo buteo
11 Hoopoe Upupa epops RL 2
12 Common raven Corvus corax
13 Hooded crow Corvus corone cornix
14 Magpie Pica pica
15 Eurasian jay Garrulus glandarius
16 Great tit Parus major
17 Blue tit Parus caeruleus
18 Common blackbird Turdus merula
19 European stonechat  Saxicola rubicola
20 Whinchat Saxicola rubetra 3
21 European robin Erithacus rubecula
22 Great grey shrike Lanius excubitor 2
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4.4.3 Soil and vegetation

After two months of exposure, a vegetation ringusced around carcass no. 8, with the
time going on, the ring developed to a vegetatstemnid (Figure 4.4.6). In order to check
how the carcass influenced the soil content, 6Dssonples from the center of carcass
no. 8 were collected after one year (on 20.07.201RB¢ result of the soil parameters
shows that the soil samples nearer to carcass nont&ined higher content of water,
ammonium, nitrate and phosphate (Laaser & Lutze8p®oil samples at carcass no. 7
were collected after 203 days of exposure, at caroa. 9 after 147 days of exposure.
The results of the soil parameters from these tarcasses show that the samples near
to the carcasses contained more ammonium, nitnak@lasphate (Mrosk 2012).

Figure 4.4.6 Cadaver Decomposition Island (CDI) anend carcass no. 8.

Soil samples at carcass no. 1 were collected oae gféer the decomposition in June
2010. At carcass no. 1, Collembola in the soillbeen also investigated. The number of
Collembola was higher in the soil samples neath® darcass (Klonowski & RoORler
2013). Sphaeridia pumilis (Krausbauer) Sminthurus nigromaculatus (Tullberg), and
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Hypogastrura vernalis (Carl) showed significantly positive relation toetcarcass, and
94.6 % of all 7,606 Collembola wekgy/pogastrura vernalis (Gu et al. 2014).

45 Food webs based on carcasses

4.5.1 The importance of carcasses for the food web

Carcasses are relatively easy to handle since theyot defend themselves, thus
scavenging allows access to excellent food reseunith no additional prey death and
without the consumer exerting energy to chase lbdwse! its prey (Wilson & Wolkovich
2011). The carrion consuming behaviors of scavengause serious consequences for
the pattern and stability of food webs (Beasley2Z0As a high-quality form of detritus,
carcasses regulate the population of carcass camswvhich can be analyzed by a
bottom - up model. Furthermore it influences thetepbal prey of facultative
scavengers which can be analyzed by a top - dowaeh{@Vilson & Wolkovich 2011,
Cortés-Avizanda et al. 2009). It has been provedth® research carried out in
Bialowieza forest in 2008 that carrion permeatdd apparently distant trophic levels:
in the proximities to carcass sites, the numberfaglltative scavengers (red fox,
common ravens, and jays) increased significantbnversely their potential prey

(brown hares and squirrels) showed the oppositel tf€ortés-Avizanda et al. 2009).

4. 5.2 Carcass food webs in the research area

Figure 4.5.1, Figure 4.5.3 and Figure 4.5.5, respey, describe the main carrion
consumers during the decomposition in spring, sumared winter in 2011. The grey
boxes represent the carcass, the height of thelgmeyoughly represents the weight of
the carcass, and the length of the grey box ineschbw long the carcass remains in a
similar physical appearance which could be consileas the length of one
decomposition stage. The blue arrows representogdld groups, and the pink arrows
represent vertebrate scavengers. The dashed fidiesiie the active period of different

groups. Figure 4.5.1 and Figure 4.5.3 exclude wolfs

Figure 4.5.1 shows that in spring the decompositimtess of a carcass includes five
phases, the®iphase is from early March to end of April (thesfiestage and the decay
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stage), the @ phase is from May to early June (the wet decagesteahe % phase is
from early June to early July (the dry decay state 4" phase is from early July to
end of August (the skeletal stage), and ti@Base is from end of August to middle of
September (the remain stage).

The ' phase lasts quite long in the early spring becafisiee low temperature. In this
phase the carcass is decomposing slowly, and tysqalh appearance has no significant
change. The main carcass consumers are vertelmaergers. In the middle of'1
phase, Diptera, Silphidae, and Staphylinidae odtwerhumber of arthropods increases

slowly, at the end of thephase, Geotrupide, Dermestidae, and Cleridae occur

In the 29 phase, the main carcass consumers are arthropddsegtebrate scavengers.
In this phase, the number of arthropods increasgsfast and reaches the highest peak,
and most of the flesh is consumed. In tHepBase (the dry decay stage), some dry flesh,
bones, skin and hair are left, main carcass consuare arthropods. Coleoptera-larvae
are present between th& 2nd the ¥ phase. In the®phase, only hair and bones are
left. The number of arthropods decreases, no SigehiDiptera, and Staphylinidae are
found anymore after the™phase. In the " phase, several pieces of bones are left,
sometimes nothing left at all. Dermestidae andi@derare found on the small pieces of

bones and around.

Figure 4.5.2 describes the variation pattern of taxa of arthropods in spring. No
arthropods occur in March except small amount git&a. From April on, the number
starts to increase and most taxa reach the pelftlayn The numbers of Silphidae and
Coleoptera-larvae start to decrease after tHepBase. Staphylinidae, Geotrupidae,
Diptera, and Dermestidae are present during thdemtecomposition process, and the
numbers of these four taxa fluctuate during the levltcomposition process with no

conspicuous peaks.
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Figure 4.5.1 Food web model based on carcassesniisg.
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Figure 4.5.3 describes the decomposition procesheotarcass and the main carcass
consumers in summer. The decomposition processdaslfour phases. When a carcass
is exposed at the beginning of June, tfiephiase is from early June to late June (the
fresh stage and the wet decay stage), thetase is from late June to late July (the dry
decay stage), thé®®phase is from late July to the middle of Augube(skeletal stage),
the 4" phase is from the middle of August to early Sefem(the remain stage).
Compared to the food web model in spring (Figutel, all decomposition stages are

much shorter, and the carcass is depleted faster.

At the beginning of the °1 phase, vertebrate scavengers, Silphidae, Histerida
Staphylinidae, Geotrupidae, and Diptera occur amsas the carcass is exposed.
Brachycera - larvae occur in the middle of tiiephase and disappear about five days
later. Histeridae occur since the middle of theptsise and last till the end of the 3rd
phase. Coleoptera-larvae occur in the end of thehase, and last till the end of thé 3
phase. Most flesh of the carcass is consumed it*tplase. In the™ phase, skin, hair,
bones and a few dry fleshes are left. In tflg@Base, dry skin, hair and bones are left. In
the 4" phase, several pieces of bones are left; sometioting is left at all. From the
2" phase to the end, arthropods are the main consuBeotrupidae, Staphylinidae,

Dermestidae, and Cleridae are present during tlodendecomposition process.

Figure 4.5.4 shows that the numbers of Silphidaptdba, Staphylinidae, Histeridae,
Coleoptera-larvae, and Brachycera-larvae reachitjieest peak in the®lphase, after

that the numbers decrease sharply. The numberseotr@pidae and Dermestidae
increase in theSiphase, and reach the peak in the ghase, after that the numbers

decrease.

Schoenly & Reid (1987) mentioned that the carriothrapod community develops
primarily as a continuum of gradual change: ragidirat, slow during peak activity,
and erratic in the final days as carcass resoureesme depleted. The succession of
arthropods in summer in this study followed thistgra, however, in spring no pattern

was found.
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Figure 4.5.3 Food web model based on carcassesumsner.
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Figure 4.5.4 Variation of eight arthropod taxa in simmer.
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Figure 4.5.5 describes the decomposition process adrcass in winter. In winter no
significant decomposition stages exist, since are fast depleted. The main
carcass consumers in winter are vertebrate scarengen wolfs exist, the carcass
would be completely consumed in several hours. &tapnd ravens always find the
carcass first. In most cases, they share the cameacefully, but competitions also

happen sometimes.

Raptor, Raven

; Wild boar, Raccoon dog, Fox

Carcass weight

| N
1st ond 3rd 4th 5th 6th 7th -

Day in Nov., Dec., Jan., and Feb.

Figure 4.5.5 Food web based on carcasses in winter.

Figure 4.5.6 is a part of the trophic position betw the omnivore-detritus and the
omnivore-animals (Schoenly 1991). Schoenly (199&htoned that Hemiptera are not
direct carrion consumers, but as omnivores theyrwa@ved in the carrion food web. In
the research area, three species of Hemiptera fwarel on carcasse®yrrhocoris
apterus (Linnaeus) andCoriomeris denticulatus (Scopoli) were found frequently on
carcasses without observing any specific behavibydus calcaratus (Linnaeus) was
found not only sucking on fresh carcasses but f@eding on carcasses during the dry

stage after rain (Gu et al. 2014).
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—> He He= Hemiptera Predatorsand Omnivorous
. —>
T D= Diptera parasites species
D < C= Coleoptera A A
T H= Hymenoptera
— CH Solid line N Necrophagous

T represent Species

D, C,H established links T

Carrion — Carrion —

Figure 4.5.6 Omnivore interactions for each Figure 4.5.7 Interactions among three
omnivore-detritus and omnivore-animal important carrion communities
trophic position (according to, Schoenly according to guilds.

1991, modified).

Figure 4.5.9Necrodes littoralis preys on
maggots.

Figure 4.5.10 Formicidae scavenges on Figure 4.5.11 Mites phoresy on
Diptera. Thanatophilus rugosus.
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Schoenly (1991) mentioned that Hymenoptera do mbt ase carcasses directly but
they are also involved in different trophic levéfsgure 4.5.6). According to the results
of our research, bees of the genklayachile and Andrena frequently have visited the
carcasses in spring. Formicidae have also beenrvauset larger carcasses. They
preyed on maggots, scavenged dead insects ofrthikefm Calliphoridae (Figure 4.5.10)

and Geotrupidae and in some cases carried bitsaafyihg material.

Figure 4.5.7 shows the interaction among differtion communities: predators and
parasites, omnivorous species, and necrophagousespe the research area. Figure
4.5.8 shows Brachycera-larvae are consuming theassr Figure 4.5.9 shows a
predator Necrodes littoralis) is preying on necrophagous species (Brachycevad
Figure 4-5-11 shows phoresy of adventive speciezaiiA A Thanatophilus rugosus

individual is transferring the mites to the carcass

The food web based on large vertebrate carcassesyiscomplex. Besides the direct
carcass consuming activities, there are many knameh unknown interactions among
the carcass consumers and visitors. Figure 4.5\glré-4.5.3, and Figure 4.5.5 present a
rough view of how the weights of carcasses decreasieg the decomposition, the
focus is on the interaction between the carcasdf@donsumers, interactions between
the consumers can be added on these basic modetsmdre related data are available.

5 Conclusions and recommendations

There was no certain model of decomposition stégesll carcasses. In the research
area, when the carcass was not open, a conspitlmated stage was observed. After
the bloated stage there was a long black putrefastiage, normally no vertebrates used
such carcasses any longer. When the carcass was (tgge enough for small

scavenger to access, e.g. ravens), no bloated ®tageed. During the decay, the black
putrefaction stage also existed, but for a shdntee. \When no large scavengers existed
in the exposition habitat, the main factor influggcthe decomposition process was the

openness index and the weight of the carcass. HayweMen large scavengers existed,
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especially wolves, the carcass was finished in ra¢v@urs, and no decomposition

stage was observed.

In the research area, the main carcass consumersurmmer were arthropods
(Coleoptera-larvae, Dermestidae, Diptera, Geoteypldisteridae, Brachycera-larvae,
Silphidae, and Staphylinidae), ravens and raptBesides the well-known carrion
arthropods, grasshoppers, butterflies, bees wereddserved using carcasses directly.
However, because of the collection method (pitfedps are only able to collect the
crawling insects) no exact number was availablewinter, the main consumers of

carcasses were wild boars, foxes, wolfs, ravengaptors.

In summer, there was a certain assemblage of oaarihropods at carcasses with open
wounds. It is the same as the results from Scho&nReid (1987) that the carrion
arthropod community develops primarily as a conimuof gradual change: rapid at
first, slow during peak activity, and erratic iretfinal days as carcass resources become
depleted. But in spring and late autumn, no assagebimodel was advanced. Under
cold weather condition the fresh stage was relbtilng and arthropods were inactive.
The main factors influencing the occurrences dfiragijods were the habitat where the
carcass was exposed, the weight and the opennetde afarcass. Temperature and
precipitation also had influences, but not as giras the properties of carcass itself.

The distribution and occurrence of arthropods adoilne carcasses has provided a new
view for indicating the decomposition stages. Irefesic science, Diptera are always
considered as the most important indicators fontifigng the decomposing stages. But
in nature, because of complex interactions (preypadigots), the amount of Diptera and
maggots are difficult to evaluate. From the resaftshis research, Silphidae were the

most conspicuous indicators for the end of the ylstage.

The existence of carcasses in the research aresidraicantly increased the animal
diversity and abundance. In the pitfall traps ntaithe carcass, significantly more
arthropods are collected. Carcasses have positigences on the vertebrates, the
vegetation and the surrounding soil. Cadaver deositipn islands around carcasses

have been frequently observed.
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The ideal carcass using for food web restoratiooukh merit following three
requirements: firstly, it should be a large carcasee deer, red deer, and wild boar).
Compared to small carcasses (rabbit and mouse&jrlaegcasses remain in the habitat
much longer and have more potential to develop taraion decomposition island.
Secondly, the carcass should have big open woumdekeoabdomen, as an access for
small sized scavengers which cannot open the atmashemselves (for example,
ravens, fox, raccoon dog, and pine marten). Thirthig carcass should not be treated
with any drugs. Medicine pollution of carrion consers must be avoided. Therefore,
wild games which did not die of disease are thenmdtcarcass resource. The carcass
should be distributed in the research area rand@mdl discrete, which is exactly the

same as killed by a prey.

At natural reserve areas, dead local wild animhtsulkl be kept in the original area
where they lived. It saves the transport fees, guatantees the nutrient recirculation
within the environment. For using carcasses inrdgstl areas for restoration, for
example, post-mining areas or some polluted areaairyet investigated, this would be

a new research direction.

Some improvements can be suggested for furtheargseWhen the decreasing weight
of carcass and the weight of carrion consumersnaasured every sampling day, then a
more specific carrion food web including energynsfarm pulse can be calculated and
modelled. Collecting the pitfall traps and doingidotime direct observation at the

carcass area every day can provide a more exacésaional pattern of arthropods on

carcasses.

The models of food web based on carcasses andttitepd distribution models in

this study were built under strict limitations. Thare only suitable to habitats in the
research area. The carcass must be opened befmsiteon. The models should not be
used as a standard model for all studies. Howgweople can follow the research
method and statistical procedures to set up sins#garion food web models in other

habitats. Before using carcasses as a method twiraen, it is necessary to do the
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basic research on the carrion food web in certaegasa which is necessary for a

feasibility evaluation.

Public acceptance of carcasses is also an impassue. Can people accept that in the
forest they always visit occurs a carcass? Canlperept that the number of wolfs,
and wild boars increase in their living area? Hawogle think about putting carcasses

back to the nature will influence the new regulatémnd legislation concerning carcasses.
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