Bulletin de la Société royale belge d’Entomologigi&in van de Koninklijke Belgische Vereniging v&mtomologie, 151 (2015): 25-33

On carrion-associated beetles in the Sonian Fore@elgium):

observations on five deer carcasses

Danny HAELEWATERS™, Sofie VANPOUCKE, Dirk RAES® & René KRAWCZYNSKI®

! Ghent University, Faculty of Sciences, Departnadriology, K.L. Ledeganckstraat 35, B-9000 Gent

% Current address: Harvard University, DepartmentQofanismic and Evolutionary Biology, 22 Divinity
Avenue, Cambridge, Massachusetts, US-02138 (e-dtaklewaters@fas.harvard.edu)

®National Institute for Criminalistics and Crimimgly, Laboratory Microtraces and Entomology,
Vilvoordsesteenweg 100, B-1020 Brussels

“ Belgian Nature and Forest Agency (Agentschap Watuur en Bos), region Groenendaal, Waterloostegnwe
1, B-1640 Sint-Genesius-Rode

®> Brandenburg University of Technology Cottbus, Chaaneral Ecology, Siemens-Halske-Ring 8, D-03046
Cottbus

Abstract

Carrion is an important element of temperate edesys although far less studied than dead and
decaying wood. In order to avoid competition, iriseted to detect and colonize ephemeral resources
like carrion quickly. The knowledge of this coloaion is an important tool in forensic entomology.
Hence, species identification is a most cruciatdacAmong insects, most studies have concentrated
on flies (Diptera), whereas beetles (Coleopteragweglected for a long time. Beetles, howeverghav
forensic applications — they are part of the ent@wmoal colonization of a carcass — and therefore
recently more extensive research on forensic agupdic of beetle data has been done. Beetle families
with significance to forensic entomology are Silpd®, Staphylinidae, Histeridae, Trogidae,
Dermestidae, Cleridae, Nitidulidae and Carabiddeis Btudy documents the presence of beetles
associated with decaying carcasses of deer ingh&® Forest, Belgium. A total of 271 specimens of
Coleoptera belonging to twenty-five species infaixilies was recorded. The number of species and
specimens increased from the fresh stage to tretduicstage and active decay, to drop back down at
the dry/remains stage. A discussion is given abomte interesting collected species and families.

Keywords: Capreolus capreolys cadaver ecosystem, carrion-associated insectdeofttera,
decomposition, forensic entomology, Sonian Forest.

Introduction

Forensic science is a multidisciplinary field (IMENHALL et al, 2006). One domain is that of forensic
entomology, applying the study of insects and o#tréhropods to criminal investigation. So far, only
recently more extensive research on forensic agpdic of beetle data has started=KBIRSSCHIETER

et al, 2011b; MATUSZEWSKI, 2012, MATUSZEWSKI et al, 2008, 2010, 2011; MUSZEWSKI &
SzaFarowiCcz, 2013). Carrion (whether human or animal) is oftefierred to as a functional
ecosystem (BRTON et al, 2013; MLLET, 2011; @LIIN, 2014). It is protein-rich, resulting in a variety
of organisms consuming and fragmenting itL(#T, 2011). The actual decomposition of a carcass
starts with the actions of microorganisms such astdria and fungi, followed by a succession of
arthropods. The time of disintegration has beenitigely correlated to the presence of insects
(PAYNE, 1965). The so-called "microclimatic patch” is werized by increasing temperatures,
which are generated in the early stages of decatigrogrimarily through autolysis, the activitie§ o
(anaerobic) bacteria, and insect activityE(thDIKARAM & GOFF, 1991; MELIS et al, 2004).
Depending on the temperature, humidity, body voland activity of scavengers, the stages of the
decomposition — fresh, bloated, active decay, acké@mecay, dry/remains (®WERSONet al, 1996;
HORENSTEIN & LINHARES, 2011; MATUSZEWSKI et al, 2008; RYNE, 1965; SHILTHUIZEN &
VALLENDUUK, 1998) — can take hours to many months. Of cotiveerange of species diversity on
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decomposing carcasses depends on many factordicti Wwiotic and abiotic conditions of the habitat
(humidity of soil, tree cover, etc.), the weight cdrcasses, and the presence or absence of large
vertebrate scavengers can provoke differencesvGet al, 2005; MaTUSZEWSKI et al, 2008; G,
2014). The many interacting factors make it difficio reliably assess the different decompaosition
stages (BATTUCK, 2009). During this process each stage is motessr attractive to different insect
species as a result of both physical and chemiwaiges in the carrion, providing the ideal habigat
certain small-bodied organisms to lay eggs and¥ed f(FORENSTEIN & LINHARES, 2011). MELIS et

al. (2004) refer to carcass plots as unstable eambgtommunities. The carrion-associated
community is moderately species-rich and may condaiew dozen species at any one time.l(&T,
2011). The knowledge of this colonization is an amgnt tool in forensic entomology ERTENO et

al., 2002), the major use of which is to estimatetiime of death or the minimal post mortem interval
(PMI) of a corpse, based on the insects colonittiegdead body. When estimating a (minimum) PMI,
we need to take into consideration the time it taken for the insects to reach the body for laying
eggs as well as the rate of development.

Species identification is a key element in foremsitomology. Species that appear almost the same to
the naked eye may have different growth rates, \iefsaand habitat preferences. Among the insects,
especially Diptera have been given the greatestevel the process of decomposition and therefore
are vital in the study of forensic entomology. Elarive very soon after death; in optimal condiio
they can deposit eggs in the few minutes followitggath (&®FF, 2010). Beetles, however, exhibit
huge variations in speed of arrival on a corpseN®@/et al, 2008). Only recently extensive studies
were undertaken with beetles and promising resudi® obtained by data modeling AMUSZEWSKI,
2011, 2012; MTUSZEWSKI & SzAFALowICcz, 2013). The beetle community is an important pathe
carrion-associated fauna NAERSEN & VANLAERHOVEN, 1996; FODRENSTEIN & LINHARES, 2011;
MIDGLEY, 2007); according to ENNARD (2012), beetle families with significance to fosen
entomology are Silphidae (carrion beetles), Stdapldde (rove beetles), Histeridae (clown beetles),
Trogidae (trogid beetles), Dermestidae (hide and Bketles), Cleridae (checkered or bone beetles),
Nitidulidae (sap-feeding beetles), and Carabidaeufgd beetles).

Our survey was conducted in the Sonian Forest, id@lgand focused on this beetle community
associated to carcasses. To our knowledge, in Balgso far only one study has been published,
identifying carrion-associated Coleopterae@BIRSSCHIETERet al, 2011a). The latter focused solely
on the Silphidae, which promote breakdown and feoyof organic matter into terrestrial ecosystems
and therefore perform vital ecosystem function® (W& GIBBS, 2004). Seven species were reported
on six decaying pig carcass&dué domesticus.) during spring:Nicrophorus humatqrNicrophorus
vespillg and Nicrophorus vespilloidegsubfamily Nicrophorinae]Necrodes littoralis Oiceoptoma
thoracicum Thanatophilus rugosysndThanatophilus sinuatusubfamily Silphinae].

Material and methods
Site description

The present study was done at the Sonian Foresti§@ooud, Forét de SoigneSpniaca Silvg
located at N50°46'17" E4°25'22", a 4.421 ha fosistated southeast of Brussels. It is part of the
scattered remains of the ancieitva Carbonaria(DUVIVIER, 1862). The forest is situated in the
Flemish municipalities Sint-Genesius-Rode, Hoefla@verijse and Tervuren, the Brussels-capital
region municipalities Ukkel, Watermaal-Bosvoordeyd®rgem and Sint-Pieters-Woluwe, and the
Walloon municipalities La Hulpe and Waterloo. Thentan Forest is an acidophilic European beech
(Fagus sylvaticaand oak Quercussp.) forest (BYSEELS 2003). Most of the trees are over 200 years
old. The mammalian fauna formerly comprised 49veatipecies, seven of which have gone extinct
since 1000 (MNWIINSBERGHE 2003; G. RINBOLD, pers. comm.).

Material examined

Five carcasses of roe de€&apreolus capreolugL.), all road-killed, were placed in fresh stagte

different sites: an open beech forest (ZO1), a-bpdn oak forest (Z02), a half-open mixed forest
(203), and a closed beech forest (ZO4) (Table ¢, FiA, B, C). Site ZO2 served for two carcasses.
Depending on weather conditions, carcasses weretsoss collected and put in the refrigerator
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before exposure; this explains the different tirhdamth and date of carcass exposure in Z04.

The carcasses were attached to the ground witloiom®re metal pins to prevent being dragged away
by scavengers. Previous experience had learnedatigst vertebrate scavengers sometimes interfere
and drag away carcasses/remains. As a result, dlmass at ZO4 was placed in a metal cage
preventing being dragged away. Eight simple pitfips [10 cm (diameter) x 8 cm (height)] were
positioned at the moment of carcass placement,yahivaa circle up to 50 cm around each carcass.
Pitfall traps were without liquid because the besthad to be caught alive (specimens recognized as
rare and/or protected were identified in the fieldd released, as collection happened under
jurisdiction of the Flemish Government).

First the presence of insects was noted, while#neass remained untouched. After some ten minutes,
the legs and head were lifted and finally the whaalecass was moved (and afterwards placed back) to
collect Coleoptera underneath the carcass. Decdtigppstage was assessed visually, after the body
was turned. Pitfall traps were emptied on four etwas between 19.V.2010 and 13.VIII.2010
(Table 1), while inspecting the carcass. We didmake a distinction between species hand-sampled
under the carcasses and found in pitfall trapsy @dult stages were included in this study.

All insects — except for species immediately redogph as rare and protected (eCgwrabus auronitens
Fabricius, 1792) — were put into 90% ethanol farage and identified to species level or at least
genus level using appropriate keysoEKEN et al. (2002), REUDE et al (1979), ANSSENS (1960),
LOHSE (1964, 1974), SHILTHUIZEN & VALLENDUUK (1998). Observations and identification
happened under a Leica MZ16 stereomicroscope at150- Classification and taxonomy are
consistent with WRsT(2010).

The collected material is deposited at the Natiomatitute for Criminalistics and Criminology
(NICC), Brussels.

Table 1. Overview of study sites, sampling schemd,decomposition stages during sampling.

Site | Vegetation Death of Date of carcass |Sex Weight| Metal Sampling Date | Decomposition
animal exposure [ka] cage [days since stage
exposure]
z01 ]?O'Origtbee‘:h 28.1V.2010 | 28.IV.2010 femalel7,70 | absent | 19.V.2010[21]| active decay
Z02| half-open oak |6.V.2010 6.V.2010 male| 20,10] absen 19.V.2010 [13Jresh
forest 7.V.2010 7.V.2010 male| 24,30 absen 16.V1.2010 [40Jry/remains
703 half-open 12.V1.2010 | 12.V1.2010 male| 21,10 absent 16.V1.2pg0 |dry/remains
mixed forest
closed beech 6.VI111.2010 [8] bloated
204 | forest 25.VII.2010 | 29.VI.2010 femalgl4,60 | present 13.VI11.2010 [15] | active decay

Results

The sites were inspected at 19.V.2010 (ZO1 and ZO&2)/1.2010 (202, Z0O3), 6.VIII.2010 (ZO4),
and 13.VIII. 2010 (Z04); the carcasses were foundifferent stages of the decomposition process
(Table 1).

A total of 271 Coleoptera were collected, belongimgix families: Carabidae, Cleridae, Geotrupidae,
Histeridae, Silphidae, and Staphilinidae. Twentefspecies were recorded; all specimens but one
(Oxypodasp.) were identified to species level. An overviefvthe number of specimens and the
number of species per family is given in Table BeThumber of species as well as the number of
collected specimens increased from the fresh stagthe bloated stage and active decay, and
dramatically declined toward the dry/remains stgee. 2).

The most abundant family was Geotrupidae (n = 1d0),none were collected at 16.V1.2010 (202,
Z0Og3; both dry/remains). All individuals found dugirother samplings belong to the same species,
Geotrupes stercorariusThe Cleridae family was the least abundant, witle specimen collected,
Necrobia violaceaonly observed during the dry/remains stage (Z{&2Y1.2010). Silphidae was the
most diverse family, with nine representing spediésrophorus humatqm. investigatorN. vespillg
andN. vespilloidegsubfamily Nicrophorinae]Necrodes littoraligFig. 1D),Oiceoptoma thoracicum
Phosphuga atratalhanatophilus rugosusindT. sinuatugsubfamily Silphinae].
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Geotrupes stercorariubeetlesB. Carcass Z0O4 in active decay (sampled on 13.VIID20&ith a high number
of maggots feeding on the corp§e.Carcass ZO3 in dry stage (sampled on 16.VI1.201D}hat remains was
hard, dry skin, cartilage, and bonBs.A specimen oNecrodes littoralispreying on a maggot. This species was
only found in this study during active decay = ancasses ZO1 (19.V.2010) and ZO4 (13.VIII.2010). &hbly
Danny Haelewaters (A, B, C) and René Krawczynski (D
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Fig. 2. Number of species and specimens, giveedoh sampling.
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Table 2. Complete list of Coleoptera species samglathg the study of five carcasses of deer inSbaian
Forest (Zoniénwoud), Belgium. Families and speoi@wes are placed in alphabetical order. For eagbiesp
the feeding strategy is given EREIRSSCHIETERet al, 2011b; KOCAREK, 2003).

Family - - - = Feeding strategy
Species g |g g g g =

RFIR |Ne|se|S |S7|8

> O | S veE|E | B | 89| D

T | Tc|EB|ET| S| 52| D

=3|2%|35/35/28/3%|8

%2/2°|85|85(&8 |5z

~ Q| ~ ~ C'| ~ LT &9, — O o

— © | oy NDO | »n©T oy ~ @© | |

R [R [R IR |9 |2

N N
Carabidae
Carabus auroniten§abricius, 1792 1 1 predator
Carabus nemoraligiiller, 1764 1 1 2| predator
Carabus problematicullerbst, 1786 1 5 G predator
Carabus violaceu&innaeus, 1758 11 12 23 predator
Pterostichus nige(Schaller, 1783) 1 1 2 predator
Cleridae
Necrobia violacedLinnaeus, 1758) | | | 1] | | | 1 predator
Geotrupidae
Geotrupes stercorariuf.innaeus, 1758) 1 12 75 52 ldprophagous,
necrophagous
Histeridae
Hypocaccus rugifron§Paykull, 1798) 1 1| predator
Margarinotus striola(Sahlberg, 1819) 4 2 6 predator
Saprinus semistriatuScriba, 1790) 25 1 26 predator
Silphidae
Necrodes littoraligLinnaeus, 1758) 5 6 11 predator, necrophagoys
Nicrophorus humato(Gleditsch, 1767) 3 5 § predator, necrophagotis
Nicrophorus investigatoZetterstedt, 1824 1 1 predator, necrophagolis
Nicrophorus vespilldLinnaeus, 1758) 1 1 predator, necrophagolis
Nicrophorus vespilloideklerbst, 1783 5 13 5 23 predator, necrophagous
Oiceoptoma thoracicurtLinnaeus, 1758) 2 1 2 % predator, necrophagoys
Phosphuga atrat§Linnaeus, 1758) 1 1 predator
Thanatophilus rugosud.innaeus, 1758) 1 1 predator, necrophagouis
Thanatophilus sinuatu@-abricius, 1775) 3 3 predator, necrophagolls
Staphylinidae
Anotylus sculpturatugGravenhorst, 1806) 1 L saprophagous
Creophilus maxillosuélinnaeus, 1758) 2 2 predator
Oxypodasp. 1 1| saprophagous
Philonthus politugLinnaeus, 1758) 2 2 predator
Philonthus succicold@homson, 1860 1 1 predator
Philonthus tenuicorni$lulsant & Rey, 1853 2 4 predator
Discussion

General findings

It is worth studying carcasses, at least if ndfiari interventions occur: the body should remas
intact as possible, free from any human disturbanbes way large numbers of insects and scavengers
can be observed and an idea of the natural colbmizprocess can be attained.

In this study 271 specimens were collected. In amispn, DEKEIRSSCHIETERet al (2011a) on pig
carcasses found a much higher number of silphi¢isgans (n = 1579). This difference can be
attributed to a number of reasons: 1) the sammdotpcol, 2) the frequency of sampling

and 3) larger carcasses provide resources for meeets (® et al, 2014). During our study we did
not fill the pitfall traps with soapy water or alwd. The use of such "living traps" probably
contributed significantly to the low number of eated specimens, since largearabusspp. and
Staphylinidae will eat many of the smaller bee{/ds DEKONINCK, pers. comm.). This also means
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that the contents of the traps probably only actexlifor the 1-2 days before emptying, not the entir
period in between collections.

Four beetle species stand out because of theirehighmber of collected individuals during this
survey. These species a@eotrupes stercorariugGeotrupidae, n = 140)Saprinus semistriatus
(Histeridae, n = 26)Carabus violaceaufCarabidae, n = 23), amdicrophorus vespilloideéSilphidae,

n = 23). This does not necessarily imply that ttleen species reported in this study are scarcér, bu
they were in any case much less attracted by théorabait. It is also possible that the period of
activity for some species is prior to May-June.t<. violaceusit is proposed that it is not a very
selective species, since significant numbers ae &und in pitfall traps filled with peanut butter
(W. TROUKENS pers. comm.).

MELIS et al (2004) found that both staphylini@reophilus maxillosusand silphid Nicrophorus
humatorare carrion-dependent, i.e. their activities comieded on the carcass itself and reaching the
carcass by flying directly to it. Further researstneeded to confirm this.ANTAWI et al (1996)
observedCreophilus maxillosusnly in the dry/remains phase, bubRENSTEIN& LINHARES (2011)
found both adults and larvae throughout the decaggss. We can confirm with the latter study, i.e.
C. maxillosuds not restricted to the dry/remains phase, budtrofien found as soon as maggots have
hatched.

Silphidae

In our study, a total of nine species of carriomtles were recorded (n = 54), addiNgcrophorus
investigator and Phosphuga atratato DEKEIRSSCHIETER et al's (201l1a) data on Silphidae.
Nicrophorus vespillovas recorded only once (Z0O4, 6 Aug 2010081 (1998) lists it as an early
summer breeder (May-July), which is the periodrfmrst of our samplings. The restricted occurrence
of N. vespilloin our study may be due to its almost exclusivefgrence for open meadow habitat
(KENTNER & STREIT, 1990; KOCAREK, 2003; OQRONEN, 1988) and the fact that it is now less
common in comparison tN. investigatorand N. vespilloideg7.5%, 15.5%, and 77%, respectively;
OTRONEN, 1988). Phosphuga atratais an accidental species on carrion, feeding onlusts
(KOCAREK, 2003).0Oiceoptoma thoracicumas well asNicrophorus humatoandN. vespilloidesare
typical forest-inhabiting species EREIRSSCHIETER et al, 2011a; KENTNER & STREIT, 1990;
KOCAREK, 2003; £0TT, 1998).

So far, little is known about possible preferenckbeetles associated with decomposing cadavers of
specific species (SHILTHUIZEN & VALLENDUUK, 1998). Yet, the suggestion that species of tmeige
Nicrophorusare depending only on rodent carrion (e.@GIB®HOFERet al, 1999) or small carcasses
in general (MILLER, 1987; #MTH & MERRICK, 2001) seems unlikely since we found thirty-three
individuals of Nicrophorusduring our study. During a decomposition studynature reserve De
Kaaistoep (Tilburg, the NetherlandsgyN WIELINK (2004) also reporteNicrophorusupon carcasses
of deer and fox. Moreover, during the Necros ProjedBrandenburg, East Germany (see & al,
2014), N. humatorwas found at a 140 kg red deer carcass (RAWCZYNSKI, pers. obs.). The
explanation of this discrepancy lies in the facittNicrophorushunts on large carcasses and breeds
under small ones (EXEIRSSCHIETERet al, 2011hb).

KOCAREK (2003) found thafThanatophilus rugosuand T. sinuatusshow exclusive preference for
open field habitats, but we recorded both specieBeiech forestT{ rugosus ZO1, 19 May 2010;
T. sinuatus Z04, 13 August 2010). We also found both spediging another study in a pine forest
in Brandenburg (Germany). The identification of @pe in the genu$hanatophilusis not evident.
Thanatophilus rugosuis recognizable by its wrinkled elytr@hanatophilus dispaHerbst, 1793 and
T. sinuatus however, are difficult to distinguish. Sinde disparis rare (since 1960 only two
observations in the Netherlands, no observationsdan Belgium; SHILTHUIZEN & V ALLENDUUK,
1998), we may suggest our specimens (Z0O4, 13 AWRNED) to bel. sinuatusNot the identification
key but the species-specific shape of the sevengfité was conclusive (i.e. with semicircular nosh

in T. sinuatuk.
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Geotrupidae

The family Geotrupidae comprises coprophagous epedhey are associated with the dung of
mammals. AGLER (2009) sampledseotrupes stercorariug pitfall traps baited with pig dung and
human dung; DRMONT et al (2004) sampled the same species in traps baitddcattle dung and
horse dung, finding a significant preference fottleadung. In this study on deer carcasses we
collected G. stercorariusin high abundance, although not any individual veadlected in the
dry/remains stage. In a study in Brandenburg, hewethe species is abundant at all carcasses
(Lysakowskl, 2013) and even attracted to large bones and unnéerneath them. A wide array of
bait sources have been used for sampling dungese€®ECTOR 2006, and references therein),
including different kinds of carrion, as well asngy fungi, millipedes, and chicken eggs. More
research is needed to fully comprehend the ecalbgfiecificities ofG. stercorarius

Suggestions for future research

Looking back on this study, we realize that morecgmens could have been collected using a
different sampling protocol (although in any casewould not have been allowed to collect protected
nor rare species). One factor to improve our res(iiigher number of specimens, more species
diversity) would be to empty the "living traps" eye3-4 days.

Although forensic entomology is used to aid murderestigations, only recently studies of the
coleopteran colonization on individual carcassegehlbeen made. Yet, faunal inventory data are
desirably linked to the ecological coherence ofshstem studied. The knowledge obtained from this
kind of research is necessary in determining fagokinization related to stages of decomposition, t
estimate the (minimum) post mortem interval (PMI) Tme of Colonization (Period of Insect
Activity), and consequently the time of deatltEqGENO et al, 2002).

A thorough comparative study between carrion bsatf@on cadavers of deer, foxes, pigs and other
species is needed, taking certain caution into wucas beetles typically run away with the least
interference VAN WIELINK, 2004). Although standardized carcasses of the same re&g bring
results that are more easily comparable, studyiffigrently sized carcasses may also be helpful, e.g
for examining the bodies of children. It is suggesthat larger carcasses / corpses show different
insect species (Get al., 2014).
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