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Abstrakt

MrSiny jakozto jeden z efemérnich habitatl pfedstavuji energeticky bohaty, avSak
Casové omezeny zdroj potravy. Diky tomu jsou jednotlivé nekrobiotni druhy hmyzu
pod silnym konkurencnim tlakem. Pomoci cilené manipulované sukcese jsme
testovali vzajemné vztahy obou hlavnich dominujicich skupin na mrSinach malych
savcu, tedy larev bzuCivek (Calliphorinae) a hrobafikd (Nicrophorini).
Pfi manipulativnim vylou€eni téchto skupin v rané fazi kolonizace dochazi
k vyraznym zménam v celém spoleCenstvu. Pfi kolonizaci starSich mrSin totiz
nedochazi k dominanci bzucivek C&i hrobafikl, ale naopak je patrny narust
poCetnosti a diverzity u sukcesné pozdnich a méné dominantnich druhu.
V navaznosti na téma manipulované sukcese jsme se zaméfili na studium
individualnich potravnich preferenci jednotlivych druh( mrchozroutd. Pro studium
individualnich potravnich preferenci jsme vytvofili metodiku testovani, ktera
umoznuje paralelni i sekvencni podavani jednotlivych typl potravy. Vysledky
behavioralnich potravnich testl ukazaly, Ze déleni na jednotlivé potravni guidly
neni diskrétni, ale pfedstavuje spiSe kontinualni fadu. Nami testované druhy, které
jsou obecné povazovany za nekrofagni, se pfi naSem experimentalnim designu
vyznacovaly mixovanymi potravnimi preferencemi — vSechny byly alespon
CasteCné dravé. Tato plasticita mize slouzit jako pojistka pro obdobi, kdy tyto druhy
nejsou schopny nalézt zadnou vhodnou mrSinu, anebo je tato jiZ obsazena
konkuren¢nimi druhy. Nami demonstrované experimenty pfinaseji konkrétni data
o potravnich preferencich testovanych jedincl a nabizeji unikatni vhled do biologie
a ekologie druhl, v neposledni fadé je s demonstrovanou potravni plasticitou
nekrofagnich druhd broukl nutno pocitat ve forenznich studiich.

Klicova slova: sukcese, mrSina, ekologie, nekrobiotni druhy, potravni strategie



Abstract

Carcasses, as one of the ephemeral habitats, represent an energy—rich but time—
limited food resource. As a result, individual necrobiotic insect species are under
strong competitive pressure. Using targeted manipulation of succession, we tested
the interactions between the two main dominant groups on the carcasses of small
mammals — blowfly larvae (Calliphorinae) and burying beetles (Nicrophorini).
When these groups were experimentally excluded in the early phase of
colonization, significant changes occurred in the entire community. In the
colonization of older carcasses, neither blowflies nor burying beetles dominated;
instead, there was an increase in abundance and diversity of successionally late
and less dominant species. Following the theme of manipulated succession, we
focused on studying the individual feeding preferences of different carrion beetle
species. To investigate these preferences, we developed a testing methodology
that allows both parallel and sequential presentation of different food types. The
results of behavioral feeding tests showed that the classification into distinct
feeding guilds is not discrete but rather forms a continuous spectrum. The species
we tested, which are generally considered necrophagous, exhibited mixed feeding
preferences in our experimental design — all were at least partially predatory. This
plasticity may serve as an insurance mechanism for periods, when these species
are unable to find a suitable carcass or when available food source is already
occupied by competitors. The experiments we conducted provide concrete data
on the feeding preferences of the tested individuals and offer a unique insight into
the biology and ecology of these species. Lastly, the demonstrated feeding
plasticity of necrophagous beetles should be considered in forensic studies.

Keywords: succession, carcass, ecology, necrobiotic species, feeding strategies
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Uvod

Lidska kultura byla od nepaméti fascinovana smrti — tajemstvim, kterému nikdo
neunikne, a pfesto ho nikdo z Zivych pIiné nepochopi. Smrt se stala ustfednim
motivem v uméni, literatufe i filozofii. Malif Hieronymus Bosch ve svych
vizionafskych obrazech zobrazoval peklo a posmrtny zivot s désivymi detaily.
| dnes je smrt stale pfitomna v popularni kultufe — od filmd a hudby po videohry.
Tato fascinace odrazi na$i touhu pochopit nevyhnutelné a smifit se s vlastni

konecnosti.

Po smrti se z kazdého zivého tvora stava jen rozkladajici se hmota — mrSina.
Rozklad mrtvych tél hraje kliCovou roli ve vSech ekosystémech, nebot umoznuje
recyklaci zivin a udrzuje rovnovahu v pfirodé. Mrchozrouti, jako jsou supi, liSky
nebo hmyz, pomahaji urychlit rozklad. Bakterie a houby pak dokoncuji proces
dekompozice, ¢imz uvolniuji dusik, fosfor a dalSi prvky zpét do pudy, kde slouzi
jako zakladni latky pro rust rostlin. Bez tohoto pfirozeného kolobéhu by
se ekosystémy rychle zhroutily, protoze by v nich chybély zakladni Ziviny. Rozklad

tak neni jen symbolem konce, ale i neustalé obnovy zivota.

Tato disertaCni prace s nazvem ,Potravni vztahy a strategie ve hmyzich
spolec¢enstvech na mrsinach®, se zabyva ¢asti toho komplexniho tématu smrti
a rozkladu mrSin z pohledu sukcese a ekologie hmyzu. Cilem je ovéfit vliv
odstranéni dominantnich skupin hmyzu na vyvoj hmyziho spoleCenstva
na mrSinach a zkoumani potravni strategie vybranych druht mrchozroutd, pfiCemz

se obsah prace zejména opira o terénni a food choice experimenty.



MrsSiny jako vyznamny habitat

MrSiny pFedstavuji jeden ztzv. efemérnich habitatl. Tedy habitatu, které
se vyznacuji kratkodobym trvanim a nepredikovatelnou distribuci. Pokud jsou
takové habitaty organického puvodu, (napf. trus velkych obratlovcd, plodnice hub
nebo rozkladajici se dfevo &i rizné plody), vyznaduji se efemérni habitaty kromé
kratkodobosti a prostorové nahodilosti, i velkym mnozstvim relativnhé rychle
vyuzitelné energie (Finn, 2001; Carter et al., 2006). Na vSech organickych
efemérnich habitatech probiha heterotrofni sukcese, ktera nevyhnutelné vede
k jejich zaniku. To pfedstavuje zakladni rozdil od autotrofni sukcese, ktera naopak
vede k vice ¢ méné stabilnimu stavu (Connell and Slatyer, 1977; Begon and
Townsend, 2021).

Mezi efemérnimi zdroji pfedstavuji mrsiny jedinecny zdroj diky své vysoké nutricni
hodnoté nicméné jsou pomijivé a objevuji se nepfedvidatelné jak v Case,
tak prostoru (Barton et al., 2013; Benbow et al., 2019). | pfesto, Ze pribéh rozkladu
mrSiny je kontinualni proces, zavisly na celé fadé okolnich podminek, Ize zde
do jisté miry pozorovat klasické sukcesni stfidani jednotlivych fazi. Rada autord
se snazila pribéh a sled jednotlivych fazi rozkladu popsat a formalné klasifikovat.
RuUzni autofi rozliSuji tfi az osm fazi rozklada (Mégnin, 1894; Fuller, 1934; Payne,
1965; Anderson and VanLaerhoven, 1996), jejichZz Kklasifikace je zaloZena
predevsSim na fyzickém stavu mrSiny. Svoji roli ale hraji i hmyzi spoleCenstva,

jejichz slozeni se mezi jednotlivymi fazemi vyrazné lisi (Obr.1).



IS Stages of Decomposition (days postmortem)
Insect Family Common Name Fresh (0-4) Bloated (5-7) Decay (8-13) Dry (14-26)

Calliphoridae _|blowflies

Muscidae  |muscid fies

Silphidae |carrion beetles

Sarcophagidae |flesh fies |

Histeridae clown beetles

Staphylinidae |rove beetles

Nitidulidae ~ |sapbeeties |

Cleridae _ |checkered beetles| ——
B e — ——
Scarabaeidae |scarab beetles

Obr. 1. — Zastoupeni jednotlivych €eledi hmyzu v pribéhu rozkladnych fazi
(Sharanowski et al., 2008)

Rychlost rozkladu mrsSiny a stfidani jednotlivych fazi zavisi na mnoha faktorech.
NejvyznamnéjSimi jsou velikost mrsiny, okolni teplota, vihkost a pfitomnost hmyzu.
VysSSi teplota a vihkost, stejné jako aktivita hmyzu, mohou proces rozkladu vyrazné
urychlit. VétSi mrsiny se paradoxné rozkladaji rychleji nez mensi, protoze pfitahuji
vétsi mnozstvi hmyzu, ktery intenzivnéji spotfebovaval biomasu téla
(Hewadikaram and Goff, 1991).

Sukcese, jeji typy a sukcesni modely

Sukcese je definovana jako sled zmén v ekologickém spole€enstvu, které jsou
pozorovatelné v ¢ase a prostoru (Connell and Slatyer, 1977; Begon and Townsend,
2021). Sukcese se da klasifikovat na zakladé raznych kritérii. Primarni sukcese je
proces, kdy se spoleCenstva vyvijeji na zcela novém a nezaplnéném uzemi,
kde cely ekosystém vznika zcela od zacCatku. Typickym pfikladem je vznik
ekosystému na nové vzniklych vulkanickych ostrovech nebo v misté Cerstvé
zaniklého ledovce (Benton, 1966). Na druhé strané k sekundarni sukcesi dochazi
v oblastech, kde uz existovalo né&jaké spoleCenstvo, které bylo naruseno,
ale napfiklad semena rostlin jsou stale pfitomna, tim padem se proces vyvoje
a obnovy spoleCenstva muze odehravat rychleji. Typickym pfikladem muze byt
zarUstani opusténého pole, nebo regenerace lesa po pozaru (Horn, 1974; Tilman,
1987).



Podle finalniho stadia, ke kterému sméfuje sukcese, ji mizeme rozdélit na dva
zakladni typy. Autotrofni sukcesi, ktera konci klimaxem a heterotrofni sukcesi,
ktera konc¢i kompletnim vyCerpanim zdroje (Connell and Slatyer, 1977; Begon and
Townsend, 2021). Autotrofni sukcese zacina ekosystémem s nulovou nebo velmi
nizkou biomasou a se zvySujici se uZivnhosti ekosystému se objevuji
je fixovana v télech autotrofnich organismu. Podoba téchto spole€enstev mize byt
stabilni nebo podléhat cyklickym disturbancim (Connell and Slatyer, 1977; Begon
and Townsend, 2021). Naopak heterotrofni sukcese probiha na efemérnich
Ci kratkodobych, energeticky vysoce vydatnych zdrojich. Pojem heterotrofni
sukcese tak popisuje vzajemné stfidani jednotlivych sukcesnich stadii béhem
rozkladnych procesl na substratech jako je trus, mrSiny, opadané ovoce ¢i listi,
plodnice hub nebo mrtvé dfevo. Pro vSechny tyto a podobné substraty je spolecné
to, Ze sukcese zacina vrcholem v dostupnosti zdroji (Hanski and Koskela, 1977;
Finn, 2001). Na rozdil od autotrofni sukcese se tedy na zacatku heterotrofni
sukcese objevuji pokrocilé druhy schopné rychlého a efektivniho vyuziti Zivin.
S postupujici sukcesi se uzivnost snizuje, mnozstvi biomasy klesa a koneCnym
stadiem vyvoje je fyzicky rozklad, vy€erpani zdroje a nasledny zanik komunity
(Mcintosh, 1981; Begon and Townsend, 2021). VétSina organické hmoty je

fixovana v télech zivocichu, bakterii €i hub, které se podileji na rozkladu.

Rozkladné procesy jsou zasadni ve vSech ekosystémech, protoZe tvofi kliCovy
prvek v kolobéhu hmoty a energie (Moore et al., 2004; Benbow et al., 2019).
V suchozemskych ekosystémech se rozlozi 50—70 % primarni produkce organické
hmoty, v mofskych ekosystémech je to az 90 %. Jen pro pfedstavu, odhaduje se,
Ze celosvétové se kazdy rok rozlozi vice nez 100 gigatun (10" kg) organické
hmoty. Tento proces je kli€ovy pro recyklaci zivin a podporu Zzivotnich cyklu
v ekosystémech (Gessner et al., 2010). V kazdém biotopu probiha rozklad
organické hmoty za jinych podminek a s jinou efektivitou. Rychlost rozkladu je
zejména zavisla na velikosti zdroje, teploté, pfistupu kysliku a z velké casti
na pristupu organisml (Begon and Townsend, 2021). Na rozkladnych procesech
zdroje se podili Siroka Skala organismu od obratlovcl, pfes drobné bezobratlé
az po bakterie a houby (Bornemissza, 1957; Franklin, 1993). Jinak bude probihat

rozklad mrSiny drobného hlodavce, pokud ho prvni objevi liSka, hrobafik
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(Nicrophorus sp. Fabricius, 1775) nebo bzucivky (Diptera: Calliphoridae). U trusu
byloZravcl hraji podobné& vyznamnou roli napf. velké druhy koprofagnich broukda,
které jsou schopny velké Casti zdroje relokovat. Jinymi slovy ten, kdo se na mrsiné
objevi jako prvni, je schopen do velké miry ovlivnit vyslednou podobu
spoleCenstva. Tento efekt se nejvice projevi u druhd, které jsou schopny si zdroj
monopolizovat. Schopnosti monopolizovat zdroj a tim eliminovat, i alesporfi omezit
ostatni rozkladace, muze hrat v ekosystémech velmi vyraznou roli. Své vyuziti
nasla dokonce i v zemédélstvi. Prikladem bylo vyuziti introdukovanych
koprofagnich brouku pfi snizovani kalamitniho mnozstvi dvoukfidlého hmyzu, ktery

se lihnul z trusu skotu chovaného na farmach v Australii (Perri et al., 2023).

Béhem sukcese dochazi v pribéhu Casu ke stfidani jednotlivych kolonizujicich
druht (nejen v pfipadé heterotrofni sukcese), které spolu mohou vzajemné riiznym
zpusobem interagovat. Kromé neutralniho vztahu, kdy pfitomnost jednoho druhu
kolonizatofi zdroj zpfistupnuji naslednym druhdm, nebo naopak kolonizaci zdroje
dalSimi druhy svoji pfitomnosti stézZuji. Ztohoto pfedpokladu vychazi i tzv.

facilitaéni a inhibi¢ni model sukcese (Connell and Slatyer, 1977) (Obr.2).
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Obr.2. — Tfi modely mechanism( sukcese druhu. (1) facilitatni model (2) model
bez vzajemného ovlivnéni a (3) inhibicni model. Pismena A—-F oznacuji jednotlivé
urovné sukcese. PreruSované &ary predstavuji pferuseni procesu (disturbanci).
Pismena w—z oznaduji pravdépodobnost pferuseni procest z Connell and Slatyer
(1977).

Zakladni mysSlenkou facilitaéniho modelu je, Ze brzké a ¢asné druhy sukcesni
fady svoji Cinnosti méni zdroj tak, Ze jej mohou lépe osidlovat dalSi druhy.
Facilitace funguje jako hnaci motor zejména u autotrofni sukcese. Pfikladem jsou
napfiklad pionyrské druhy rostlin, které se objevuji na poc¢atku autotrofni sukcese
po ustupu ledovce a jejichz aktivitou vznikaji pfihodnéjSi podminky pro rust
pokrocilejSich rostlin. Jejich aktivitou se snizuje pH, zvySuje obsahu dusiku, vznika
prvni vrstva organického materialu na mate¢né horniné (Worley, 1973; Walker,
1993; Schmidt et al., 2008). Dalsi ukazkou muize byt vzajemny pozitivni viiv stroma
(facilitace) na rust bylin vyhledavajicich stin v savanovych biotopech (Carrion et
al., 2017). Podobné&, Caldwell et al. (1991) popisuje vzajemnou facilitaci vytrvalych
bylin rostoucich na severoamerickych prériich. Diky svym dlouhym kofenim

.vytahuje“ pelynék trojzuby (Artemisia tridentata Nutt, 1841) vidhu z hlubSich



vrstev pudy, coz pomaha rustu zithaku (Agropyron desertorum (Fisch. ex Link)),

ktery ma pouze mélké kofeny a jinak by nemél moznost se k vlaze dostat.

Valiente—Banuet et al. (2006) ve své praci popsal zajimavy pfiklad facilitace,
kdy ve Stfedomofi vytvareji souCasné druhy rostlin specifické mikroklima,
a tim umoznuji preziti vihkomilnym tercialnim reliktdm. K podobnym vysledku
dospéli pfi svych experimentech na kaktusech saguaro Niering et al. (1963)
a posléze i Steenbergh a Lowe (1969). Autofi ukazali, Ze nové semenacky
prospivaji pouze pokud se v jejich blizkosti nachazi velké rostliny, které je alespon

na ¢as zastini.

S facilitaci se muzeme setkat i u heterotrofni sukcese. Kadavery ¢&i trus byvaiji
zasadné ovlivnény larvami bzucivek a dalSiho dvoukfidlého hmyzu. Jejich aktivita
rozruSuje zdroj potravy, zpfistupnuje nové Casti zdroje a zaroven umoziuje
usazeni i jinych druht hmyzu (Sladecek et al., 2021; Dawson et al., 2022). DalSim
pfipadem facilitace u heterotrofni sukcese je C¢innost velkych obratlovcd,
ktefi pfi konzumaci kadaver velkych mrSin oteviraji bfiSni dutinu a tim odhali
tkané i mensSim druhdm obratlovcl i bezobratlym (Stahler et al., 2002; Selva et al.,
2003; Wilmers et al., 2003; Allen et al., 2014). Podobné funguiji v ekosystémech
dfevokazné houby, které svoji aktivitou mohou zpfistupnit ziviny pro ostatni druhy
hub ¢i rizné ¢lenovce. Nemusi to ale platit vzdy, nebot obzvlasté u hub plati,
Ze prvni kolonizator Casto zabere cely zdroj jen pro sebe (Shigo, 1975; Rayner and
Boddy, 1988; Lonsdale et al., 2008).

Dominantni druhy mohou naopak zdroj monopolizovat, nebo i jinak znesnadnit
ostatnim organizmim jeho vyuzivani (tzv. inhibi€éni model sukcese). Diky jejich
¢innosti dochazi ke zpomaleni narGstu poctu druh( ve srovnani se stavem,
kdy v systému tyto druhy z néjakého divodu chybi. Pfikladem inhibice u autotrofni
sukcese mulze byt napfiklad zarUstani lokalit dominantnim, konkurenéné silnym
druhem rostliny. Dominantni druh mize ostatnim rostlinam branit v rastu bud
fyzicky (pferustani, zastin, nedostatek prostoru ke kli¢eni) (Abdul-Wahab and
Rice, 1967), nebo chemicky jak je znamo napfiklad u ofeSaku, akatu ¢&i dalSich
dfevin (Muller, 1966; Mallik and Inderjit, 2002). U heterotrofnich spole€enstev jsou

prikladem vySe zminéné dfevokazné houby, kdy primarni kolonizator svym ristem
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brani rastu ostatnich druh (Rayner and Boddy, 1988; Boddy, 2001; Heilmann—
Clausen and Boddy, 2005). Vzajemnou inhibici miZeme pozorovat i mezi
nékterymi skupinami saproxylofagniho hmyzu. Nékteré druhy totiz predstavuji
natolik silnou konkurenci, Ze se dalSi, konkurencné méné schopné nejsou schopny
prosadit. Weslien et al. (2011) popisuje, jak pfitomnost kozlicka smrkového
(Monochamus sutor (Linnaeus, 1758)) v pafezech smrkd ma negativni vliv na vyvoj
na vzacného kornatce velkého (Peltis grossa (Linnaeus, 1758)). Larvy kozlicka se
Zivi hluboko v bélovém dfevé a svoji Cinnosti snizuji atraktivitu a kvalitu stanovisté
pro dlouhovéke larvy kornatce. Podobné byl zaznamenan i negativni vliv ve drevé
hnizdicich severoamerickych mravenct rodu Aphaenogaster Mayr, 1853

na pfitomnost nékterych difevokaznych hub €i termitd (Warren a Bradford 2011)

Na mrSinach ¢&i vtrusu maji vyrazny inhibic¢ni vliv larvy dvoukfidlych. Je to
prfedevsim diky jejich obrovské rychlosti kolonizace vysoké abundanci, ale i diky
produkci amoniaku (Denno and Cothran, 1976; Hirschberger and Degro, 1996;
Sladecek et al., 2021; Matuszewski and Madra—Bielewicz, 2022).

Extrémnim pfipadem inhibice u heterotrofni sukcese pfredstavuji druhy schopné
relokovat Cast nebo cely potravni zdroj. To byva spojeno s aktivni ochranou
relokované c&asti zdroje, odstranénim ostatnich rozkladaCl a se zahrabanim
monopolizované Casti (Bornemissza, 1979; Ridsdill-Smith et al., 1986; Suzuki,
2000). Typickym pfikladem relokujiciho hmyzu jsou napfiklad hrobafici. Aktivita
jediného paru muaze vést k uplné monopolizaci mrSiny malého savce ¢i ptaka.
Hrobafici navic aktivné odstranuji nakladena vajicka a larvy dvoukfidlych.
Po zahrabani, mechanické a chemické upravé mrsiny je zajisténo, Ze se v ni vyviji
pouze potomci daného paru. Nicméné vliv hrobafiki je omezen jejich relativné
malou velikosti (10-35 mm). Ty nejvétSi druhy dokazou pohibit a monopolizovat
kadaver o hmotnosti maximalné 100 g. (Milne and Milne, 1976; Scott, 1998). Vétsi
mrsiny tak slouzi primarné jako zdroj potravy pro dospélé jedince, ktefi se na nich

Zivi béhem svého aktivniho zivota (Trumbo et al., 2016).

Relokujici koprofagni brouci maji velmi podobné chovani jako hrobafici, ale diky
moznosti rozdélit trus na mensi ¢asti nejsou limitovani velikosti dostupného zdroje

(Sladecek et al., 2021). Navic trus mohou pfemistovat i na znacné vzdalenosti
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ve formé kulicek (Gymnopleurus sp. llliger, 1803; Scarabaeus sp. Linnaeus, 1758;
Sisyphus sp. Linnaeus, 1758) nebo jej jen zahrabavaji do tunelt pod zdrojem
(Copris sp. Geoffroy, 1762; Geotrupes sp. Latreille, 1796; Onthophagus sp.
Latreille, 1802).

| velci predatofi mohou inhibovat ostatni ¢leny nekrobiontnich spoleCenstev.
Medvédi baribalové (Ursus americanus (Pallas, 1780)) ve velkém mnozstvi
pfipadd svoji kofist zahrabavaji do snéhu ¢&i hliny a aktivné ji brani,
¢imz znemoznuji dalSim druhlm obratlov€ich predatorl a mrchozroutu v ziskani
zdroje (Allen et al., 2014).

Vzajemny vliv jednotlivych druhG neni c€ernobily. Pasobeni urcitého druhu
tak pro jeden druh muzZe pusobit inhibi¢né, zatimco jiny druh muze facilitovat.
Ve vétSiné ekosystému probihaji vzajemné facilitace ¢&i inhibice soucCasné
na riznych drovnich. Tento dynamicky ekologicky proces je KkliCovy
pro porozumeéni prubéhu sukcese v ruznych prostiedich (Hirschberger and Degro,
1996; Allen et al., 2014; Begon and Townsend, 2021; Sladecek et al., 2021).

Jednou z moznosti, jak studovat facilitaci Ci inhibici na efemérnich zdrojich
je pfistup vyuzivajici blokovani sukcese, tedy zabranéni pfistupu pionyrskych
druh. Blokovanim vlivu rané sukcesnich dominantnich druht se da ukazat jejich
vliv na spole€enstvo. Sladecek et al. (2021) vyuzil tento princip pfi studiu sukcese
hmyzich spole€enstev na trusu velkych obratlovcu. Zajimavé je, ze manipulace
s oddalenim pfistupu hmyzu vedly k celkovému zvySeni pocetnosti koprofagniho
hmyzu, ale nemély vliv na celkovou diverzitu druhd. Aktivita pozdné sukcesnich
druht koprofagnich brouk, byla pfiznivé ovlivnéna aktivitou pionyrskych druhu
dvoukfidlych. Naopak na pozdné sukcesni druhy dvoukfidlych mély pionyrské
druhy dvoukfidlych negativni vliv. Autor si také vS§ima, Ze facilitace je vyraznéjsi
mezi fylogeneticky vzdalenymi liniemi (rané sukcesni dvoukfidli a pozdné sukcesni
brouci), zatimco inhibice je CastéjSi mezi blizce pfibuznymi liniemi (rané vs. pozdné
sukcesni dvoukfidli). Podobny efekt byl popsan v nasem podnebném pasmu
u vykalnic (Scatophaga stercoraria (Linnaeus, 1758)), které svoji cCinnosti
omezovaly C&etnost vyskytu a uUspéSnost rozmnozZovani hnojnika &erného
(Aphodius ater (DeGeer, 1774)) (Hirschberger and Degro, 1996).
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Jak jiz bylo fe€eno, v pfipadé mrSin pfedstavuji dominantni rané sukcesni skupinu
bzucivky. Jejich larvy se na mrSiné objevuji velmi brzy a ve velkém mnozstvi.
Svym pusobenim urychluji rozkladny proces, zvySuji vihkost kadaveru a produkuji
amoniak. Diky tomu maji negativni vliv na ostatni druhy objevujici se pozdéji
v sukcesi (Denno and Cothran, 1976; Matuszewski and Madra—Bielewicz, 2022).
Zaroven, ale mohou svoji aktivitou zapficinit rozrusenim téla a zpfistupnénim
vnitfnich organd nebo tekutin vytékajicich z kadaveru. Toto zpfistupnéni tkani
spolecné se zvySenim teploty pomaha facilitovat zdroj pro ostatni druhy objevujici
se pozdéji v pribéhu sukcese napfiklad pro mrchozrouty, kozojedy €i hlodace
(Coleoptera: Silphinae, Dermestidae, Trogidae) (Dawson et al., 2022). Vyskyt
mrchozroutl Necrophila japonica (Motschulsky, 1862) zvySuje uvolfiovani
dimethyldisulfidu a dimethyltrisulfidu z t&l mrSiny a diky tomu jsou ke kadaverim

pfilakany dalsi druhy nekrobiontniho hmyzu (lto et al., 2023).
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Klasifikace nekrobiotniho hmyzu

| pfes nepredikovatelnou c¢asovou i prostorovou distribuci se na mrSiny
specializovala cela fada hmyzich druhd. Jelikoz mrSiny pfedstavuji vyznamny
a velmi kratkodoby zdroj energie, tak druhy, které jej vyhledavaji si navzajem silné
konkuruji. Silna konkurence vedla k adaptacim pro co nejrychlejSi nalezeni mrSiny,

k rozdilné sezonni aktivité, ale i k riznym potravnim specializacim (Maslo, 2016).

Podle potravnich preferenci délime nekrobiontni hmyz do nékolika potravnich
guild: na nekrofagni druhy, predatory a parazity, omnivorni druhy a druhy nahodné
pfitomné (Smith, 1986; KocCarek, 2003; Goff, 2009). Toto déleni vzniklo z potfeby
lépe porozumét a klasifikovat jejich potravni biologii a je vyuzivano napfiklad
v ekologickych a forenznich studiich. Pfi ekologickych studiich pomaha lépe
uchopit a zaclenit jednotlivé druhy do SirSiho kontextu a uvédomit si jejich roli
v pribéhu sukcese hmyziho spoleCenstva kadaveru. Diskrétni pfifazeni
jednotlivych druhG k jednotlivym skupindm neni jednoznaéné. Rada druhu
vykazuje prechodové strategie a béhem vyvoje &i sezdny uchyluje k riznym
alternativnim potravnim strategiim (viz kapitola Problémy s klasifikaci jednotlivych
druhd).

Nekrofagni druhy

Nekrofagni druhy se zivi pfimo rozkladajicimi se tkanémi mrsiny nebo tekutinami,
které se uvolnuji pfi rozkladu. Diky tomu maji nejvétsi vliv na degradaci biomasy
mrSiny (Amendt et al., 2004; Ulrich et al., 2007; Zanetti et al., 2016; Tomberlin et
al., 2017). Do této skupiny muizeme zahrnout vétSinu larev dvoukfidlych,
ktefi se zivi na mr8iné — bzucivky, masaiky (Diptera: Sarcophagidae) a mouchy
(Diptera: Muscidae) zaroven do této skupiny patfi i fada druhd broukl ze skupiny
mrchoZroutovitych (Silphinae), (Ko&arek, 2003; Watson and Carlton, 2003).

Povolny (1978, 1979) a Koc¢arek (2001) uvadéji podrobnéjsi déleni nekrofagnich
druhu, které klasifikuje nekrofagy na zakladé preferovaného stadia dekompozice
a detailnéji se zaméfuje na nejcastéji konzumované tkané. Nekrofagové se podle

téchto praci déli na vlastni nekrofagy Zivici se €erstvou mrsinou (Thanatophilus
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Leach, 1815, Sciodrepoides Hatch, 1933), dale saprofagy vyhledavajici
biochemicky aktivni mrSinu (Coleoptera: Hydrophilidae, Leiodidae), dermatofagy
osidlujici vysychaijici zbytky svalu a kiize mrSiny a keratofagy, ktefi jsou schopni
travit peptidové fetézce keratinu, kolagenu nebo elastinu a diky tomu se zivi
na zbytcich kostry, srsti, pefi, pfipadné i rohoviny (napf. Dermestidae, Trogidae)
(Kocarek, 2003).

Predatori

Predatofi se Zivi hlavné jedinci ostatnich guild, ktefi jsou pfitomni na mrsiné,
zejména nekrofagnimi larvami dvoukfidlych. Svoji Cinnosti dovedou vyrazné
ovliviiovat pocCty ostatnich druhd. Podty predatorl jsou vSak pfimo umérné poctim
jejich kofisti, nikdy jich nebude vice nez kofisti (KoCarek, 2003). Na mrsSiné se
vyskytuje relativné vysoky pocet druhl dravych broukl vykazujicich rdzné potravni
preference. Tyto preference jsou zavislé pfedevSim na télesné velikosti a konstituci
kusadel. Drobné druhy s malymi kusadly se zZivi pouze Cerstvé vylihnutymi larvami
Ci vajiCky dvoukridlych, vétsi druhy potom preduji larvy adekvatni velikosti.
Zaroven se vSichni predatofi cilené vyhybaji velkym masam larev, které silné
zvySuji vihkost svého okoli a zaroven produkuji toxicky amoniak. Predatofi ¢asto
lovi v okoli ¢i pod mrSinou, kde je koncentrace larev nizSi (Peschke et al., 1987).
Larvy posledniho instaru bzucCivek lovi zejména velci drabcici a mrsnici. Drabdici
rodu Creophilus Leach, 1819 jsou jako jedni z mala schopni kusadly prorazit
puparia bzucivek a nasledné zkonzumovat kuklu nebo i lovit dospélé bzucivky
(Peschke et al., 1987). Dravé chovani je znamé i u rannych larvalnich instaru

nékterych druht masarek (Sarcophagidae) (Pape, 1987; Richet et al., 2011).
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Parazitoidi

Mezi parazitoidy parazitujici na larvach nekrofagnich dvoukfidlych patfi pfedevsim
zastupci fadu blanokfidli (Hymenoptera), pfevazné z celedi Braconidae,
Ichneumonidae, a Pteromalidae (Voss et al., 2009; Horenstein and Salvo, 2012).
Mezi parazitoidy pocitdame i ektoparazitické larvy drabCikld rodu Aleochara
Gravenhorst, 1802 (dospéli brouci jsou dravi). Cerstvé vylihnuté larvy téchto
drabcikl aktivné vyhledavaji vhodné puparium dvoukfidlych, do kterého se pomoci
silnych kusadel prokouSou a nasledné se zivi na povrchu kukly az do vilastniho
zakukleni (Maus et al., 1998; Lin and Shiao, 2013). Ekologicky vliv parazitoidu se

prilis neliSi od predator(.

Omnivorni druhy

Omnivorni druhy kombinuji predaci a nekrofagii. Zivi se jak rozkladajici se tkani
mrSiny, tak jsou schopny lovit ostatni druhy hmyzu na mrsiné. Tato skupina
je ze vSech pfechozich také druhové nejpocCetnéjsi, avdak zalezi na tom, jak pfisné
nastavime hranici mezi omnivorii a nekrofagii. V extrémnim pfipadé, mizeme
do této skupiny zaradit v podstaté jakéhokoliv nekrofagniho brouka, jelikoz vétsina
z nich je schopna vice ¢ méné konzumovat larvy bzucivek €i jiné mensi druhy
nekrofagnich brouku (Steele, 1927; Jakubec et al., 2021).

Do skupiny omnivornich druhi mdzeme zahrnout i mravence nebo dalSi
blanokfidlé, pro které sice mrSina netvofi primarni zdroj potravy, ale jsou schopni
ji konzumovat, stejné tak jako lovit hmyz pfitomny na mrsiné (Smith, 1986;
Koc&arek, 2003; Goff, 2009). Relativni podil jednotlivych slozek potravy (ij. tkané
mrSin nebo uloveny nekrofagni hmyz) se muze u omnivord ménit v pribéhu zivota
jedince, nebo téz v pribéhu rozkladu kadaveru. Detailni porozuméni potravnich

navykd jednotlivych druhd omnivord proto byva relativné komplikované

Vv s
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Nahodné druhy

Rada druhi se na mrsiné vyskytuje spiSe nahodou, vyuziva ji jako prostfedi
pro ukryt nebo jako zdroj vihkosti Ci pfipadné i nahodné lovisté. Do této skupiny
mohou spadat napfiklad potemnici (Tenebrionidae), suchozemsti isopodni korysi
nebo rdzné druhy pavouku (Wolff et al., 2001; Amendt et al., 2004).

Problémy s klasifikaci jednotlivych druht

Vyse uvedena klasifikace, ale narazi na fadu problému. Napfiklad mnoho druh
nekrobiontnihno hmyzu se v nepfiznivych podminkach uchyluje k alternativnim
potravnim strategiim. Poinar (1985) popisuje zvlastni potravni chovani
u severoamerického druhu mrchozrouta Heterosilpha aenescens (Casey, 1886),
ktery se bézné Zivi na mrSinach ¢i trusu Selem, ale za nedostatku potravy jeho
larvy konzumuiji rostlinnou stravu, napf. jahody. U nas se oportunistické chovani
objevuje napf. u bézného obyvatele lesli, mrchozrouta znamenaného Oiceoptoma
thoracicum (Linnaeus, 1758). U tohoto druhu bylo pozorovano, Ze se Zivi nejenom
na mrSinach, ale i na trusu &i rozkladajicich se plodnicich hub (Ratcliffe, 1996;
Hastir and Gaspar, 2001; Sikes, 2005).

Dulezité je také zminit, ze dospélci a larvy stejného druhu mohou preferovat jinou
potravu. Pokud se pfi klasifikaci zaméFfime jen na potravni chovani dospélcu,
nemusi tato klasifikace reflektovat potravni chovani larev a naopak. Napfiklad
u mrchozrouta pobfezniho (Necrodes littoralis (Linnaeus, 1758)) se Casto uvadi,
Ze je nekrofagni. To se da povazovat za primarni strategii pouze u larev, jelikoz
u dospélcl je znamo, zZe jsou schopni se zivit dravé a lovit larvy dvoukFidlych
(Charabidze et al., 2016; Fratczak—tagiewska and Matuszewskia, 2018).
Obdobné je tomu u hrobafikl, jejichz larvy jsou stoprocentni nekrofagove,
ale dospélci se chovaji i dravé (Milne and Milne, 1976; Scott, 1998).

Toto pfizplsobeni potravniho chovani by navic mohlo byt velmi vyhodné
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pro vyzivu dospélcu a larev, jelikoz sdileji stejnou niku a rozdilna preference
potravy by sniZzovala vnitrodruhovou konkurenci. Navic je pravdépodobné, Ze larvy
i dospélci vétSiny druht mrchozroutll se pfi nedostatku primarni potravy a silné

konkurenci bude uchylovat ke kanibalismu (Steele, 1927; Dorsey, 1940).

Potravni preference se mohou [iSit i v ramci pohlavi u jednoho druhu. Jednim
z moznych vysvétleni rozdilnych preferenci, by mohlo byt pfizpusobeni potravni
strategie aktualnimu reprodukénimu stadiu, skuteCnym ekologickym podminkam
nebo nutricnim hodnotam potravy. Studie provadéné na hrobaficich ukazuiji,
Ze kvalita a typ potravy ma vliv na velikost snisky u samic. To by mohlo
vysvétlovat, pro€¢ samci a samice konzumuji rozdilné zastoupeni jednotlivych
slozek potravy (Trumbo and Robinson, 2004). Fox a Moya-Larafio (2009) dospéli

k podobnym zavéru pfi experimentech na zrnokazech (Coleoptera: Bruchinae).

Existenci alternativnich potravnich strategii jsme pozorovali jak pfi terénnich
pokusech, tak i vramci vlastnich food choice experimentd na mrchozroutech.
Vysledky pozorovani jsou popsany v ramci ¢lanka tvoficich hlavnich ¢ast této
prace (Jakubec et al., 2021; Kadlec et al., 2024).

Metody studia potravnich preferenci hmyzu

Pro rozdéleni (nejen) nekrobiontniho hmyzu do jednotlivych potravnich guild
je potifeba dukladné znat jeho potravni chovani a preference. K tomu slouzi rizné
metodické pfistupy. Cast dat o potravnich preferencich jednotlivych druhd pochazi
z primych pozorovani v terénu, ¢i jednoduchych etologickych pokusl s uzavienim
nékolika jedincG a potencionalni potravy do boxu (Steele, 1927).
Takovato pozorovani jsou ale silné zavisla na zivotni fazi jedince, okolnich
podminkach ¢&i osobé pozorovatele. Velka Cast pozorovani byla zpravidla
pfejimana ze starSich praci, které nebyly provadény ve standardizovanych
podminkach a nemusi tedy odpovidat realité (Ratcliffe, 1972). Navic pfima terénni
pozorovani pro fadu (pfevazné) vzacnych druh( nejsou k dispozici. Terénni

pozorovani muze zaznamenat i abnormalni chovani a jeho paus$alizace mUlze vést
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k nespravnym zavérim. Napfiklad za predacni chovani mize byt povazovano
zabiti konkurencnich jedincu &i druht v ramci boje o zdroj. Napfiklad Steele (1927)
uvadi, Ze nejvétsi druh hrobafika (Nicrophorus orbicollis Say, 1825) zabijel jedince
mensiho druhu (Nicrophorus tomentosus Weber, 1801), to ale neni dukaz dravého
chovani, spiS se jedna o likvidaci konkurence. Stejné tak pokud pozorujeme larvy
mrchozroutd na rostlinnych zbytcich, neznamena to nutngé, Ze jsou fytofagni
(Poinar, 1985). Daleko presnéjsi informaci o potravnim chovani druhu nam
poskytnou studie zalozené na systematickém experimetalnim pristupu. V zasadé
existuji tfi pfistupy jak systematicky studovat sloZeni stravy u bezobratlych —
analyza obsahu stfev, analyza stabilnich izotopl a pfimé laboratorni testovani
potravnich preferenci (lkeda et al., 2007; Gémez and Kolokotronis, 2017;

Charalabidis et al., 2019).

Analyza obsahu strev

Analyzou zbytk( nestravené potravy ve stfevech je mozno provadét bud pfimou
determinaci nestravenych zbytk( potravy, nebo pomoci DNA barcodingu
(¢i metabarcodingu), které mohou pfinést konkrétnéjSi informace o slozeni
potravy. DNA barcoding je metoda, ktera slouzi k rychlé, pfesné a CasteCné
automatizované identifikaci druhG za pouziti kratkych, standardizovanych
genovych oblasti. NejCastéji pouzivanou oblasti genomu pro obratlovce
i bezobratlé je ¢ast genu cytochrom c oxidazy | (COI nebo COX1), ktera se nachazi
v mitochondrialni DNA (Hebert and Gregory, 2005). Tato technika vychazi
z pfedpokladu, Ze porovnanim dané sekvence s referenéni databazi téchto useku
Ize jednoznacéné urcit druh konkrétniho organismu (Valentini et al., 2009; DeSalle
and Goldstein, 2019). DNA metabarcoding je rozvijejici se metoda, ktera umoznuje
identifikaci vice druhl ze smésného vzorku pomoci vysokokapacitniho
sekvenovani. Oproti standartnimu DNA barcodingu se metabarcoding rychle
prosazuje jako nakladové efektivni metoda pro rozsahlé studie v prostfedich,
kde je tradi¢ni morfologicka identifikace druht logisticky nebo finanéné neprakticka

(Shelton et al., 2023).

Molekularni detekéni metody zavisi na schopnosti DNA odolavat travicim

procestm ve stfevé testovaného jedince a na Uspésnosti polymerazové retézové
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reakce (PCR) pfi amplifikaci DNA kofisti z CasteCné natraveného materialu (Zaidi
et al., 1999; Chen et al., 2000; Hoogendoorn and Heimpel, 2001; Greenstone et
al., 2007). Pfi testovani potravnich preferenci u riznych hmyzich predatord
se ukazalo, ze v nékterych pfipadech lze obsah stfev analyzovat i po vice nez dvou
dnech od konzumace potravy. Problémem muze byt, Zze v nékterych pfipadech
se kratké sekvence dulezité pro ur€eni typu potravy zachovaji ve stfevech jen
nékolik malo hodin. Tento problém se muizZe objevit pfi vyhodnocovani kofisti
dravého hmyzu (Zaidi et al., 1999; Greenstone et al., 2007) nebo u uréovani
hostitele krvesavych druh( (Alcaide et al., 2009). Testovanim pfitomnosti tkani
riznych druh( obratlovci ve stfevech vrubounovitych broukd a mrchozroutd
(Silphinae a Scarabaeidae) pro potieby forenzni entomologie se zabyvalo nékolik
autortl (Gémez and Kolokotronis, 2017; Smith, 2019; Toni et al., 2023). Metody
DNA metabarcodingu mohou byt také pouzity napfiklad pro zjiSténi hostitelskych
rostlin housenek motylt ¢i mandelinek (Miller et al., 2006; Jurado—Rivera et al.,
2008; Hausmann et al., 2020).

Molekularni metody analyzy potravnich rezidui v travicim traktu pfinaseji velmi
pfesné a jednozna¢né informace o aktualnim slozeni potravy jedince.
Nicméné z divodu vy$e zminénych limitaci nemohou poskytnout informace
o celkovych pomérech ruznych slozek potravy nebo jejich mnozstvi potfebném
pro rust a vyvoj. Nevyhodou metod zaloZzenych na analyzach DNA je také jejich

vySsi finan¢ni narocnost a vyzaduji pokrocilé laboratorni dovednosti.
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Analyza stabilnich izotop

|zotop daného prvku ma stejné atomové Cislo jako prvek samotny, ale jiny pocet
neutronl a tim i jinou atomovou hmotnost. Napfiklad pfiblizné 1 % vSech atomu
uhliku jsou "3C, zbytek 2C, zatimco pfiblizné 0,4 % vSech atomu dusiku jsou atomy
15N a zbytek tvori atomy #N. Stabilni izotopy se pfirozené vyskytuji vSude v naSem
okoli. Nerozpadaji se (ij. nejsou radioaktivni), jejich zastoupeni v téle organismu
se méni napf. v zavislosti na stafi, konzumované potravé Ci geografickém regionu,
coz z nich déla uzite€né pfirodni indikatory.

Existuji dva pfistupy k pouziti stabilnich izotopU. Prvni pfistup vyuziva pfirozené
se vyskytujici rozdily v mnozstvi izotopl ke sledovani tokd zivin uvnitf biotopu,
ke zjisténi vzajemnych interakci druhl a jejich trofickych vztah( nebo k ur€eni
konkrétni stravy jedince (Tayasu et al., 1998; Markow et al., 2000; Trimble and
Sagers, 2004; Hood—Nowotny and Knols, 2007). Druhou moZznosti jsou studie,
kde jsou do systému pfidavany a sledovany oznacené slouceniny obohacené
o urcité izotopy (Hershey et al., 1993; Unsicker et al., 2005; Hood—Nowotny et al.,
2006).

NejCastéji vyuzivanymi jsou izotopy vodiku (?H), uhliku (3C), dusiku (°N), kysliku
('80), vzacnéji pak stroncia (84Sr, 8Sr) nebo siry (3*S) (Tayasu et al., 1998; Markow
et al., 2000; Kiyashko et al., 2004; Trimble and Sagers, 2004; Hood—Nowotny and
Knols, 2007; Quinby et al., 2020).

Stabilni izotopy Ize pouzit i pro analyzu potravni biologie a tyto vysledky se daji
pouzivat k uréeni trofické guildy. Pomér stabilnich izotop( uhliku (8'3C) a dusiku
(d ™N) vtélech organismi je dan sloZzenim jejich potravy a prostiedim
ve kterém se vyskytuji. Tyto izotopy se kumuluji v ramci potravniho fetézce. Udava
se, ze zastoupeni téchto izotopl je u konzumentl 0 1%o az 3%o vySSi nez v jejich
potravé (Scheu and Falca, 2000; lkeda et al., 2007). Vysoky podil izotopu "N
je typicky pro druhy dravé a daji se tak odlisit od omnivort nebo herbivorl (Scheu
and Falca, 2000). U dravych druh(l se da pomoci této analyzy urcit jak vysoko
se nachazeji v potravnim fetézci a zaroven specifikovat jejich potravni chovani
(Ponsard and Arditi, 2000; Scheu and Falca, 2000; McNabb et al., 2001).
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Pro zachovani maximalni vérohodnosti vysledkud a jejich vzajemnému porovnani
je nezbytné dodrzovat jiz publikované metodiky sbéru dat a vyhodnocovani,
aby se predeslo nepfesnostem v méfenich a interpretaci dat (Post, 2002; Dalerum
and Angerbjorn, 2005; Phillips et al., 2014).

Vysledky izotopové analyzy muize ovlivnit celd fada faktord. Dulezité
je zaznamenat jaka tkan cCi struktura je pro testy odebrana, pokud jsou odebirany
krovky brouku, €i jiné kutikularni struktury, zastoupeni stabilnich izotopu vypovida
pouze larvalni potravé a potravni chovani dospélce nema na izotopy v téchto
Castech Zadny vliv (Quinby et al., 2020). Neumyslné zahrnuti obsahu stfev
do vzorku analyzovanych jedincl pfi homogenizaci celého jedince mize znacné
zkreslit vysledné poméry izotopu (Hocking et al., 2007; lkeda et al., 2007, 2008;
Feldhaar et al., 2009)

Pokud jsou provadény rozsahlé studie u jednoho druhu a liSi se zastoupeni
konkrétnich slozek potravy v ramci celého arealu vyskytu, tak je pro pfesnéjsi
interpretaci vysledkd vhodné rozdélit areal na dil€i lokality (Kelly, 2000; Phillips et
al., 2014). Vzajemny pomér stabilni izotopl neni zavisly pouze na potravé,
ale také na izotopovém pozadi prostfedi a slozeni pudy. PredevSim
u detritofagnich druhd, hraje izotopoveé slozeni pady vyznamnou roli (Tayasu et al.,
2002; Uchida et al., 2004).

Pomér stabilnich izotopu nékterych prvka v prostiedi je také ovliviiovan
spalovanim fosilnich paliv (Francey et al., 1999), hnojenim (Pardo and Nadelhoffer,
2010) €i jinymi lidskymi €innostmi. Lidskou €innosti ovlivnéné izotopové pozadi se
pak mulze odrazit napfiklad na pomérech izotopl u stejnych rostlin a jejich

konzumentu z rdznych lokality (Hood—Nowotny and Knols, 2007).

Pokud se zaméfime na vyuziti stabilnich izotopl pro zafazeni nekrobiontniho
hmyzu do konkrétnich ekologickych guild, musime zminit studie, které proved|
Ikeda et al. (2007, 2008). Pro tento typ studii jsou dulezité referenCni skupiny.
Ikeda zvolil jako nekrofagni skupinu &tyfi druhy hrobafiku a jako dravou referencni
skupinu stfevliky (Coleoptera: Carabidae). Namérené hodnoty testovanych druht
pak porovnal s témito referenénimi skupinami. Ackoli autofi zafadili vSechny druhy
do patficnych guild, nebyli schopni potvrdit dravé chovani Dendroxena sexcarinata

(Motschulsky, 1861). O tomto druhu, stejné jako o ostatnich zastupcich tohoto rodu
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se vi, Ze jsou stromovymi predatory housenek (Koch, 1989; Sugiura, 2017).
Vzhledem k tomu, Ze ve studii lkedy nedosahoval Zzadny z mrchozroutt (Silphinae)
hodnot 615N vysSi nez pouzity nekrofagni standart, |keda pFedpoklada,

Ze vSechny testované druhy jsou Cisté nekrofagni.

Duvod nejednoznacnych vysledkl studie pravdépodobné spociva ve vybéru
hrobafiki jako nekrofagni referenéni standarty. PfestoZe larvy hrobafikd jsou
skutecné striktné nekrofagni, dospélci jsou pfilezitostnymi predatory musich larev
a za urCitych okolnosti se dokonce chovaji kanibalisticky (Sikes, 2005;
Dekeirsschieter et al., 2011). Pro pfesnéjsi nastaveni referen¢nich hodnot 615N
by bylo vhodné pouzivat Cerstvé vylihnuta imaga, nebo napfiklad jen €ast kutikuly
z krovek imag, protoze tyto hodnoty by Iépe odrazely Cisté nekrofagni potravni

chovani larev.

VySe zminény pfiklad demonstruje hlavni slabinu analyzy stabilnich izotopd,
je totiz silné zavisla na lokalité a také na stanoveni vhodného referen¢niho druhu
pro kazdou strategii. To mize vést k nespravnému vyhodnoceni vzhledem k tomu,
ze referenéni druhy zpravidla nejsou chovany v kontrolovanych laboratornich

podminkach.
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Laboratorni testy a food choice experimenty

Treti metoda analyzy potravniho chovani je zaloZzena na potravné preferencnich
(tzv. food choice) laboratornich experimentech. Tento pfistup byl v minulosti
uspésné vyuzit pro studium potravnich preferenci mnoha druhu Zivoc€ichl véetné
stfevliki nebo housenek motyll (Singer, 2001; Honek et al., 2011; Kulkarni et al.,
2016; Charalabidis et al., 2019). Potravné preferencni experimenty mohou byt
zalozeny na jedincich chovanych v zajeti nebo na exemplarich odchycenych volné

Z pfirody.

Samotné testy probihaji ve standardizované aréné, nejCastéji tvofené Petriho
miskou nebo podobnym prihlednym plastovym boxem. Testovanym jedincim jsou
podavany ruzné typy potravy. Potrava je podavana v dostateCném mnozstvi
aby se jedinec mohl neomezené krmit dle libosti (tzv. ad libitum) (Charalabidis et
al., 2019). Dno testovaci arény je pokryto bud filtracnim papirem (Young, 2009)
nebo pokud to testovany typ potravy dovoluje tak napfiklad €istou zeminou (Saska
et al., 2019). Nékdy byva pokusna aréna rozdélena na Cast slouzici jako uUkryt
testovaného jedince a druhou &ast, kde je podavana potrava. Oddéleni krmné Casti

arény od zbytku zabrariuje zahrabani potravy do substratu (Fawki and Toft, 2005).

Nejcastéji jsou food choice experimenty provadény u fytofagniho hmyzu, kde se da
snhadno zajistit standardizované mnozstvi potravy. Napfiklad u zrnoZravych
stfevliku stali testovanému jedinci pfedlozit adekvatni mnozstvi zvolenych semen
a poté jednoduchym spocCitanim nebo zvazenim zbyvajicich semen zjistit mnozstvi
zkonzumované potravy (Brygadyrenko and Reshetniak, 2014; Petit et al., 2014;
Saska et al., 2019). Obdobné jsou provadény testy potravnich preferenci
u housenek motyll, kdy jsou jim nabizeny bud celé listy a nebo kousky listl vhodné
choice experimenty testujici potravni preference dravych druhl. PFi testech
s dravymi druhy je volba vhodné kofisti komplikovanéjsi, mélo by se jednat o kofist
pfiméfené velikosti a zaroven bézné dostupnou. Pokud zvolime paralelnim systém
testovani vice druhl zivé potravy (viz nize) je nutné zajistit, aby se nabizena kofist
vzajemné mezi sebou nepozirala (Eubanks and Denno, 2000; Klecka and Boukal,
2012).
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Steele (1927) provedl jednu z prvnich behavioralnich studii zaméfenych
na potravni ekologii mrchozroutu. V této studii demonstroval, Ze dospéli hrobafici
jsou schopni se zivit larvami a v nékterych pfipadech je i upfednostiovat
pfed mrSinami samotnymi. Steele také poukazal na to, Ze tato strategie muze
slouzit k minimalizaci mezidruhové konkurence, ktera je na mrSinach velmi Casta.
Qubaiova et al. (2021, 2022, 2023) testovala vliv typu pfredkladané potravy
na délku vyvoje jednotlivych druht mrchozroutll. Jeji prace ukazuji, ze kvalita
potravy silné ovliviiuje délku vyvoje. Napfiklad chov na neoptimalnim typu tkané
muUze prodlouzit celkovy vyvoj mrchozrouta (Thanatophilus sinuatus (Fabricius,
1775) a T. rugosus (Linnaeus, 1758)) az o 30 %. |dalSi prace zabyvajici
se vyvojem mrchozroutl ukazuji vyrazny vliv kvality potravy na uspésny vyvoj larev
a velikost dospélct (Watahiki and Sasakawa, 2019; Gruszka and Matuszewski,
2021).

Food choice experimenty umozniuji, kromé& samotné potravni preference sledovat
i mnozstvi a finalni slozeni zkonzumované potravy u jednotlivych druhd, a to
jak dospélcu, tak i jejich vyvojovych stadii. Kromé& samotného vlivu potravy
na celkovou délku vyvoje umoznuiji i studovat vliv potravy na celkovy pocet instar(
(paklize je u druhu variabilni), ¢i na relativni rychlost rastu a délku rastové faze
jednotlivych instard (Fawki and Toft, 2005; Young, 2009).

U food choice experimentl se daji aplikovat dva zakladni designy nabizeni
potravy. Sekvencni design testuje jednotlivé typy potravy postupné, naopak
paralelni design umozfiuje otestovani vice typl potravy naraz, pficemz testovany

jedinec si vybira potravu sam v realném case (Obr.3).

22



SEKVENCNITESTOVANI

Obr. 3. — Porovnani sekvenc¢niho a paralelniho zplUsobu testovani

Nevyhodou food choice experimenty je nutnost zajistit pfed jejich zahajenim
dostateCny pocet testovanych jedincu. Tito jedinci mohou byt bud odchyceni
ve volné pfirodé, coz vSak komplikuje odhad jejich stafi, nebo odchovani v zajeti.
Pfi chovu v zajeti vznikaji dalSi komplikace, napfiklad zajiSténi vhodnych podminek
pro rozmnozovani. Samotné experimenty jsou velmi ¢asové naroéne, zejména
pfi sekvenénim testovani, kdy jsou razné druhy potravy predkladany postupné
a mezi jednotlivymi testy je nutné zaradit pauzy pro vyhladovéni jedinct (Fawki
and Toft, 2005; Watahiki and Sasakawa, 2019; Gruszka and Matuszewski, 2021,
Qubaiova et al., 2021). Dostatec¢né dlouhé food choice experimenty umoznuji
dlouhodobé testovani a tim i zjisténi celkového poméru jednotlivych typu potravy,
rozdily v zavislosti na pohlavi €i reprodukéni fazi jedince. Ackoli jsou pak tyto
experimenty pomérné cCasové naroCné, nabizeji unikatni vhled do biologie
a ekologie druhu, ktery je podloZzen robustnim datasetem, navic Ize food choice

experimenty provést i s omezenym rozpoctem.
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Shrnuti sou¢asnych znalosti o pod¢€eledi Silphinae

Podceled mrchozroutovitych broukd (Coleoptera: Staphylinidae: Silphinae)
se sklada ze dvou dobre rozlisenych triba (Silphini a Nicrophorinii) a v sou¢asné
dobé zahrnuje 16 recentnich rodd s 206 existujicimi druhy (Sikes and Venables,
2013; Newton, 2022). MrchozZrouti jsou nejhojnéji zastoupeni v mirném pasmu,
naopak v tropech se vyskytuji pomérné vzacné. NejCastéji je mlzeme zahrnout
mezi nekrofagni a dravé druhy, vyjimecné jsou fytofagni. Velikost téla se pohybuje
od 7 do 45 mm (nejCastéji 15-20mm) (Sikes, 2005, 2008). Mrchozrouti hraji
v ekosystémech kliCovou roli diky svému podilu na kolob&hu zivin a vlivu na vyvoj

larev dvoukfFidlych.

Silphinae tvofi malou monofyletickou skupinu (Sikes, 2016), ktera byla vzdy fazena
do nadceledi Staphylinoidea (Peck, 2000). Otazka jejich pfesnéjSiho zarazeni
v ramci této nadceledi vSak dlouho zUstavala nevyfeSena. Tradi¢ni fylogenetické
analyzy, zaloZzené na morfologickych charakteristikach larev i dospélct, umistily
mrchozrouty jako samostatnou c&eled Silphidae. Tato Celed zahrnovala dvé
podceledi Silphinae a Nicrophorinae, a byla povazovana za sesterskou skupinu
drabcikl (Coleoptera: Staphylinidae) (Beutel and Leschen, 2005; Grebennikov and
Newton, 2009, 2012). Prvni zminky o tom, Ze mrchoZrouti mohou byt vnitfni
skupinou drabcCikd se v8ak objevily jiz v praci Hatche (1927), ktery je radil jako
sesterskou skupinu nékolika podceledi vCetné podCeledi Tachyporinae. Ve své

dobé nebyla tato mysSlenka pfilis akceptovana.

Modernéjsi prace studujici fylogenetické vztahy v ramci nadceledi Staphylinoidea
prinasely rozdilné vysledky. Cast z nich fadi mrchozrouty jako sesterskou skupinu
drabCiku (Beutel and Molenda, 1997; Grebennikov and Newton, 2012),
zatimco jiné identifikuji Silphinae jako jejich vnitfni skupinu (Ballard et al., 1998;
Hunt et al., 2007; Grebennikov and Newton, 2009; Bocak et al., 2014; Mckenna et
al., 2015;). Recentni molekularné fylogenetické studie, opakované ukazuji
mrchozrouty jako vnitfni linii Celedi Staphylinidae. Jako jejich nejCastéjsi
sesterskou linii byly identifikovany rizné linie: pod¢eled Tachyporinae (Ballard et
al., 1998; Hunt et al., 2007; Grebennikov and Newton, 2009; Song et al., 2021,
Zhao et al, 2022), linie zahrnujici Staphylininae + Scydmaeninae
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nebo Scaphidiinae + Osoriinae (Mckenna et al., 2015; Zhang et al., 2018)
Ci podCeled Staphylininae (Cai and Li, 2021). Pro pfehlednost jsou vysledky

jednotlivych studi zminény niZe v tabulce (Tab.1.)

Tab.1. — Studie zabyvajici se evolu¢nim puvodem podceledi Silphinae.

Analysis Year Dagt:::t:;‘ Data description Method(s) Sister to Silphinoe
Hatch 1927 1|morphology NA 5 subfam. incl. Tachypornae
Lawrence and Newton 1982 1|morphology NA n/a
Beutel and Malenda 1997 1|morphology MP All remaining Staphylinidas
|Hansen 1997 1|{morpheology WP Apateticinae
Ballard et al. 1998 3(rDMNA (125), mtDNA (Cyt b), WP In polytomy with Tachyporinage
Korte et al. 2004 2(rDMA (185, 285) MP, Bl n/a
Caterino et al. 2005 2{rDMNA (185) and morphology MP, ML, Bl |Phlococharinae
Huntet al. 2007 3|{rDMNA (185), mt-rDMA (165) and COI [MP, BI Tachyporinae
Grebennikov and Newton | 2009 1{rDMNA (185) MP, NI, Bl |Tachypornae
|Lawrence et al. 2011 1|morphology P Tachyporinge +Staphylininae
Grebennikov and Newton | 2012 1|morphology P All remaining Staphylinidae
Bocak et al. 2014 4(rDMA (185, 285), mtDNA (rralL, COI) ML Tachypaorinae
MckKenna et al. 2015 2|rDNA (285), CAD BI, ML Tachyporinae
|Timmermans et al. 2016 16|mitogenomes ML, BI Habroceringe and Aleocharinge (in part)
Zhang et al. 2018 95 |protDNA (Amino Acids) ML, BI Apateticinae , Scaphidiinas , and Osorinae
Kypke (PhD diss: figd) 2018 993 |genomics ML Oxytelinae
Kypke (PhD diss: fig. 5) 2018 1,033 |genomics ML many subfamilies
Mckenna et al. 2019 4,818 |genomics ML Staphylininae
McKenna et al. 2019 89(DNA ML Apateticinae , Scaphidiinas , and Osorinae
L et al. 2019 6{nDNA (CAD, Wg, 285, 185), mtDNA ML Tachyparinge
Cai and Li 2021 13|(mtDNA (protein coding genes only) ML Staphylininae
Song et al. 2021 16|mitogenomes Bl Tachyporinae (in part)
Zhao et al. 2022 16[mitogenomes ML Tachyporinge [in part]

Metody: NA = Non—Algorithmic; MP = Maximum Parsimony, ML = Maximum
Likelihood, Bl = Bayesian Inference. Upraveno dle Sikes et al.(2024).

Jak jiz bylo fe€eno, podceled Silphinae byla tradi¢né délena do dvou hlavnich linii
(ve svétle modernich fylogenetickych poznatkdl, je nejjednodussi je klasifikovat
na urovni trib(). Jedna tato linie zahrnovala pravé hrobafiky (rod Nicrophorus)
a druha v8echny ostatni rody s vyjimkou rodu Ptomascopus Kraatz, 1876, ktery byl
v fadé analyz vniman jako sestersky rod ke vdem zbyvajicim zastupcim podceledi.
Toto €lenéni vice méné potvrzuji i analyzy Kinga et al. (2015) a Mahlerové et al.
(2024), s tim, Ze rod Ptomascopus je dnes povazovan za sesterskou skupinu rodu
Nicrophorus (Mahlerova et al., 2024) (Obr.4).

U hrobafiku (tribus Nicrophorinii) se vyvinula rodi¢ovska péce, ktera se v primitivni
formé objevuje i u rodu Ptomascopus (Suzuki and Nagano, 2006),

kde ale nedosahuje takové urovné jako u vlastnich hrobafikd rodu Nicrophorus.
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Hrobafici mohou diky pokroCilé rodiCovské péci obstat v silné konkurenci
na mrSinach a zaroven zvyhodnit svoje potomstvo (Trumbo and Robinson, 2004).
Diky své velikosti jsou hrobafrici limitovani velikosti vyuzitelného kadaveru
a preferuji mensi mrsiny savcl €&i ptaku do vahy cca 100 g, které jsou schopni
transformovat do potravni koule zahrabané pod zem. Larvy se vyvijeji na této
potravni kouli, kterou zformovali jejich rodiCe a zarover jsou b&€hem prvnich dvou
instard krmeny samici, ¢asto i samcem. JelikoZz nemaiji pfistup k jiné potravé da
se usuzovat, ze larvy jsou Cisté nekrofagni (Milne and Milne, 1976; Trumbo et al.,
2016). Naopak dospélci jsou omnivorni a jsou schopni jak konzumovat mrSinu
tak se chovat dravé pokud narazi na mrSiné na vhodnou potravu a nebo likviduji
konkurenci (Steele, 1927; Milne and Milne, 1976).

Pravi mrchozrouti (tribus Silphini) jsou oproti hrobafikim povazovani primarné
za nekrofagni a Casto navstévuji i velké mrsiny (obvykle >300 g) (Sikes, 2005).
K této ekologické specializaci je pravdépodobné vedla intenzivni konkurence
na mrsinach, zejména ze strany dvoukfidlého hmyzu a hrobafiku. Dvoukfidli byvaiji
prvnimi kolonizatory kadaveru, kde kladou velké mnozstvi vajiCek a jejich larvy
se snazi rychle vyuzit dostupné zdroje. Mrchozrouti naopak k mrsiné obvykle
pfilétaji pozdéji, aby se vyhnuli konkurenci a zaroveri mohli vyuzit tekutéjSiho stavu
mrsiny. Zda se, ze larvy dvoukfidlych mohou slouzit jako potencialni zdroj potravy

pro larvy i dospélce mrchozroutd (Hatch, 1927; Ratcliffe, 1972).

Kromé nekrofagie se v tribu Silphinii objevuji i dalSi potravni strategie. NejCastég;i
se dospélci i larvy uchyluji k predaci. Specializovana forma dravého chovani
se vyvinula napfiklad u mrchozroutd rodu Abllataria Reitter, 1885 a Phosphuga
Leach, 1817, ktefi se zivi plzi (Symondson, 2004). Tomu je pfizpusobena
morfologie dospélcl i larev, zaroven jsou schopni vyluCovat slaby roztok ¢pavku.
Timto roztokem pak rozpousti svoji kofist pfi konzumaci (Schildknecht and Weis,
1962). Fylogeneticka blizkost obou rodl napovida, Zze tato potravni strategie
pravdépodobné vznikla pouze jednou (Mahlerova et al, 2024). DalSimi
specializovanymi predatory vramci tribu jsou dospélci mrchozroutd rodu
Dendroxena Motschulsky, 1858 u nichz se vyvinula specializace na lov housenek
motylu (lkeda et al., 2008; Sikes, 2008).
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Kromé& nekrofagni Ci dravé potravni strategie se u mrchozroutd vyskytuje
i herbivorie u rodu Aclypea Reitter, 1885. | zde se jedna o odvozenou strategii,
ktera v ramci skupiny vznikla pouze jednou (viz obr. 4) v relativné nedavné dobé
(Anderson and Peck, 1984).
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Obr.4. — Fylogeneticky strom podc&eledi Silphinae. Upraveno dle Mahlerova et
al.(2024)

Rekonstrukce ancestralni potravni strategie pro celou linii zahrnujici Nicrophorini
a Silpnini ukazuje, Ze jejich spole¢ny pfedek by mohl byt nekrofagni (Ilkeda et al.,
2008). Nekrofagni potravni specializace prfedka by mohla byt odvozena
od saprofagie, popfipadé od kombinace dravého a saprofagniho zpusobu Zivota.

Tento zavér je podporfen fylogenetickou polohou mrchozroutl uvnitf Celedi
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Staphylinidae (Leschen, 1993; |lkeda et al., 2008). Pokud se zaméfime pouze
na tribus Silphini, tak nekrofagie je primarni potravni strategii a specializované
dravé chovani se vyvinulo az sekundarné. Problémem pro stanoveni presné
ancestralni potravni strategie je neznalost konkrétni sesterské vétve k celé
podcCeledi Silphinae a vyskyt mixovanych potravni strategii. Napfiklad dva druhy
mrchozroutl (Necrodes littoralis, Calosilpha brunnicollis (Kraatz, 1877)) jsou
v lkedové praci povazovani za Cisté nekrofagni, ac€ jiné publikace popisuiji jejich
dravé chovani (Charabidze et al., 2016; Jakubec et al., 2021). Pro ovéfeni

potravnich strategii je vhodné vyuziti food choice experimentu.

Diky své atraktivité, relativné nizkému poctu druhl, komplexni ekologii vCetné
unikatni rodiCovské péce (v rodu Nicrophorus) a vyznamu pro forenzni védy, patfi
mrchozroutoviti mezi popularni skupiny pro studium mnoha biologickych problémda.
Zastupci skupiny také slouzi jako modely pro studium chovani (Trumbo et al.,
2016), ekologie (Anderson, 1982), ochranairské biologie (Holloway and Schnell,
1997), forenzni entomologie (Gruszka and Matuszewski, 2021) &i evoluce letu
u hmyzu (lkeda et al., 2012).

28



Shrnuti publikovanych ¢lanku

Kadlec, J., Mikatova, S., Maslo, P., Sipkova, H., Sipek, P., & Sladecek,
F. X. J. (2019). Delaying insect access alters community composition
on small carrion: A quantitative approach. Entomologia
Experimentalis et Applicata, 167(8), 729-740.

V této studii jsme se vénovali studii sukcese hmyzich spoleCenstev na mrsiné
drobnych hlodavcu. Pouzili jsme manipulativni design, kdy jsme pomoci
pletivovych krytl branily pfistupu hmyzu na mrSinu v pocatecnich stadiich
rozkladu. Cilem studie bylo zjistit, jaky vliv ma odstranéni rané sukcesnich druh(
na celé spole€enstvo, tj. zda tyto druhy facilituji nebo inhibuji pozdné sukcesni

druhy.

Terénni ¢ast vyzkumu byla realizovana v letech 2014 a 2015 pobliZ obce Osvinov
na rozhrani Krusnych a Doupovskych hor. V roce 2014 byly jako pokusné kadavery
pouzity komercné dostupné laboratorni mysSi o hmotnosti pfiblizné 25 qg.
Experiment byl proveden v ramci sezony ve tfech opakovanich (jaro, léto, podzim).
V roce 2015 byla stejna série pokusl zopakovana s vyuzitim potkand o hmotnosti
pfiblizné 500 g. VSechny kadavery byly zakryty proti pfistupu obratlovcu, pokusné
mrsiny byly navic po dobu tfi dn chranény proti pfistupu hmyzu jemnym pletivem.
Experimentalni design zahrnoval postupné odkryvani kadaver( a jejich sbér
v pfedem stanovenych intervalech, ¢imz se minimalizoval vliv po€asi. Pfi sbéru
kadaveru byl zaznamenan veSkery hmyz nachazejici se jak pfimo na ném,

tak i v substratu pod nim.

Z nasich vysledku vyplyva, Ze zabranéni pfistupu hmyzu v pocatecnich fazich
rozkladu mrSiny ma signifikantni vliv na slozeni hmyziho spole€enstva, a to jak
na druhy dominantni, jako jsou napfiklad hrobafici nebo larvy dvoukfidlého hmyzu,

tak i na druhy kompetitivné slabsi.
Blokace inicialnich fazi sukcese méla znaény vliv na pocetnost jinak dominantnich
larev bzucivek, jejich poCty na kontrolnich kadaverech byly vyrazné vysSi

nez na experimentalnich mrSinach. Podobny efekt méla blokace i na zastoupeni
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hrobafiki na mrdinach mys$i, naopak na kadaverech potkanu se jejich pocty

nemenily.

Nase vysledky ve shodé s ocCekavanim naznaCuji, ze larvy bzucCivek
jsou konkuren¢né dominantnéjsi a jejich schopnost monopolizace zdroje
je vyrazné vyssi nez u hrobafiku. Hrobafici maji tendenci se vyhybat tvorbé
potravni koule za pfitomnosti larev bzuCivek a zaroven preferuji Cerstvé uhynulé
obratlovce. Mira kolonizace a monopolizace mrSin hrobariky se vyrazné meéni
v pribéhu sezény. Nejvétsi procento obsazenych mrsin bylo v jarnich mésicich,
v pribéhu celého roku byli hrobafici schopni monopolizovat 25 % pokusnych
mrSin. Domnivame se, Ze je to dano jak zvySenou konkurenci ze stran
dvoukfidlych v letnim obdobi, tak vySSi rychlosti rozkladu, ktera poskytuje méné

¢asu pro nalezeni vhodné mrsSiny.

Prestoze nase studie nebyla navrzena tak, aby porovnavala vliv velikosti mrSiny,
nékteré podstatné rozdily v hmyzich spoleCenstvech mezi kadavery mysi
a potkanll byly, jak se dalo ocekavat, pozorovatelné. Vétsi kadavery hostily
celkové vyssi diverzitu i abundanci hmyzu nez malé mysi mrSiny. Vliv blokace byl
vyraznéjsi u potkanich mrsin, kde celkova abundance hmyzu klesla az na polovinu
mnozstvi nachazejiciho se na kontrolnich kadaverech. Na obou velikostech
kadavert tvofily dominantni slozku spoleCenstvi larvy bzuCivek. Hrobafici byli
CastéjSi na menSich mrsinach, naopak ostatni druhy mrchozroutl preferovaly
mrSiny vétsi, pravdépodobné kvuli dostupnosti vétSiho mnozstvi potravy.

Ze stejného duvodu byla na vétSich mrsinach i vyssi koncentrace predatora.
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Jakubec, P., Kadlec, J., & Sipek, P. (2021). Standardized laboratory
methodology for the evaluation of foraging strategies in necrophilous
beetles: a case study of necrophila (Calosilpha) brunnicollis
(Coleoptera: Silphidae). Journal of Medical Entomology, 58(1), 40—46.

V této studii jsme navrhli a testovali laboratorni metodiku pro zjisténi potravnich
preferenci nekrofagniho hmyzu. Pro testy jsme pouzili mrchozrouta Necrophila
(Calosilpha) brunnicollis jehoz populaci pochazejici z West Tianmushan Nature
Reserve, provincie Ce—tiang, JV Cina jsme méli v chovu. Tento druh je rozsiten
od pevninské Ciny, Bhatanu az na vychod Ruska, Japonsko a Jizni a Severni
Koreu (Razicka et al., 2015). Jak dospélce, tak larvy tohoto brouka lze mezi
dubnem a srpnem lze najit na mrtvolach velkych obratlovcl jiz brzy po jejich smrti.

Jedna se tedy o druh potencialné vyznamny pro forenzni studie.

Abychom otestovali potravni preference N. brunnicollis, pfipravili jsme dva druhy
potravy, se kterymi se brouci mohou v pfirodé setkat. Jako analogii svalovych tkani
mrSiny jsme zvolili kousky kufecich prsou. Ta byla vybrana, protoZe dobfe
reprezentuji svalovou tkan, kterou konzumuji nekrofagni druhy a bézné se pouziva
jako nahradni potrava v rliznych studiich (Taki and Watanabe, 2009; Qubaiova et
al., 2021, 2022, 2023). Kufeci prsa jsou také jednotné ve struktufe na rozdil
od jinych druhd mas. Jako alternativni potravu jsme pFedkladali larvy bzucivky
rudohlavé (Calliphora vomitoria (Linnaeus, 1758)). Larvy bzucivky byly vybrany
jako zastupci jedné z nejhojnéjSich a dominantnich Celedi nekrofagniho hmyzu,
se kterymi se mGzeme setkat na mrsinach (nejenom) v Ciné (Kuusela and Hanski,
1982; Gruner et al., 2007; Wang et al., 2019). V ramci standardizace
experimentalniho designu jsme vzdy nabizeli kousek kufeciho masa a nékolik
larev, kazdé o vaze 0,5 g. Larvy bylo nutno nejdfive usmrtit mrazem,

protoZe hrozilo, Ze zanou konzumovat nabizené maso.

Jednotlivé vzorky potravy byly, pfi vyhladovélému jedinci nabizeny soucasné
(paralelné). Tato metoda simuluje situaci, kdy mrchozrout najde v jednu chuvili
rozkladajici se tkan, tak i larvy bzuCivek. Pokusna aréna byla tvofena
sklenénou Petriho miskou o priméru patnact centimetri a vySce tfi centimetry,
vyloZzenou kruhovym filtraCnim papirem. Do této arény byl vioZzen dvacet Ctyfi hodin
vyhladovély jedinec mrchozrouta a oba typy potravy. Po dobu dvaceti Ctyf hodin
mél testovany jedinec pfistup k ob&éma druhl nabizené potravy. Cely experiment
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probéhl za stabilni teploty a vlhkosti vzduchu (17-20 °C a 75-85 % vlhkost
vzduchu). Po skonCeni experimentu byl testovany jedinec usmrcen a byly
odebrany zbytky nezkonzumované potravy. VSe bylo ususeno ve skfinove susarné
po dobu 12 hodin pfi 50 °C, aby se dosahlo dokonalého vysuSeni vzorku.
Po zvazeni usuSenych zbytk( larev a masa bylo vypocCitano mnozstvi realné

zkonzumované potravy.

Pro vypocet skute¢né spotieby potravy byl stanoven konverzni faktor (Waldbauer,
1964; Soo Hoo and Fraenkel, 1966). Pro tyto ucely bylo vybrano 25 vzorki
kufeciho masa a 25 vzorkl larev, kazdy vzorek o Cerstvé hmotnosti cca 0,59.
Cerstvé vzorky jsme zvazili (s presnosti na 0,001g) a poté jsme vzorek vysusily
identickym postupem su$eni, jaky byl aplikovan na experimentalni vzorky
a opétovné zvazili. Cista vaha zkonzumované potravy byla vypoétena jako rozdil
mezi suSinou podavané potravy a suSinou jejich zbytkd (Waldbauer, 1964; Soo
Hoo and Fraenkel, 1966). Spotfeba potravy konkrétniho jedince byla vypodtena

jako pomér hmotnosti zkonzumované potravy a hmotnosti testovaného jedince.

Kufeci maso pfedstavovalo v priméru pfiblizné 70-75 % z celkového pfijmu
potravy dospélct N. brunnicollis. Nicméné nemalou soucasti jeho stravy tvofily
i larvy bzuclivek. Mezi padesati testovanymi jedinci byla pozorovana vysoka
individualni variabilita v potravni preferenci. Tfinact testovanych jedinct (26 %)
preferovalo vyhradné kufeci maso, zatimco u jinych jedincu tvofily larvy az 58 %

jejich potravy.

Ackoliv jsme byli limitovani poctem exemplait, nase data ukazuji na potencialni
(byt statisticky neprukazny) rozdil mezi potravnimi preferencemi samcu a samic.
Zatimco u samic tvofily larvy bzudivek 25 % hmotnosti zkonzumované potravy

u samcu to bylo jen 20 %.

Nase vysledky predstavuji prvni kvantifikaci potravniho chovani N. brunnicollis
ajsou vrozporu s vysledky, které publikoval lkeda et al. (2007, 2008).
Ten na zakladé analyzy stabilnich izotopu klasifikuje druh N. brunnicollis jako Cisté
nekrofagni. Diky pouziti food choice testd jsme byli schopni demonstrovat,

Ze minimalné tento druh Ize umistit na souvislou stupnici mezi nekrofagii a predaci.

Pozorovana flexibilita potravni strategie by mohla byt i vyhodna pro omezeni

konkurence mezi larvami a dospélci, nebot’ obé stadia sdileji stejny zdroj potravy.
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Navic predaci larev dvoukFidlych dochazi k redukci kompetitort. Jedinci na vrcholu
potravniho pyramidy svoji aktivitou (aktivni likvidace konkurence) snizuji pocetnost
jedincu, ktefi jsou na nizSich urovnich a tim chrani primarni zdroj potravy.
Toto chovani mohlo vést ke zvyhodnéni vlastniho potomstva (Borer and Gruner,
2009). Flexibilita potravniho chovani, ale muze byt spojena byt spojena i s rozdily

mezi pohlavimi, vékem jedince nebo jeho pfipravenosti se mnozit.

Na zakladé naSich vysledkl je tedy mozné se domnivat, Ze Ffada druh(
nekrofagnihno hmyzu (alesponi tedy broukl) ve skuteCnosti vykazuje flexibilni
potravni strategie. Toto je tfeba brat v Uvahu nejen pfi posuzovani jejich ekologické

role, ale i v ramci forenznich studii.
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Kadlec, J., Jakubec, P., & Sipek, P. (2024). In vitro comparison of two
food choice methodologies for necrophagous species of the genus
Thanatophilus (Coleoptera: Staphylinidae: Silphinae). Journal of
Medical Entomology, 61(3), 603—-610.

Prace myslenkové navazuje na pfedchozi studii (Jakubec et al., 2021) a zaméfuje
se na potravni preference tfi druht mrchozroutl rodu Thanatophilus. Zvolili jsme
jeden africky druh (T.micans Fabricius, 1794) a dva sympatrické evropské druhy
bézné se vyskytujici v pribéhu celé sezény (T. sinuatus a T. rugosus ). Jedinci
rodiCovské generace obou evropskych druh( byli odchyceni na mrSinach
umisténych na ruznych stanovistich v okoli Prahy. Dospélci prvni generace
T. micans byli odchyceni ve vychodni Africe (Kena, Naivasha env.). Oproti
pfedchozi studii, kde jsme pouzili pouze paralelni design testovani, jsme v této
praci testovali potravni preference druhl pomoci kombinace paralelnich
a sekvencnich food choice testl. Tato kombinace nam poskytuje pfesnéjsi odhad

potravni preference i mnozstvi spotiebované potravy.

Pfi sekvenCnim testovani je jedinci nabizen po dobu 24 hodin pouze vzorek
jednoho typu potravy. Nasledujici test druhého typu potravy je proveden
az po dvaceti ¢tyf hodinovém hladovéni. Tento design umoziuje testovat potravni

chovani jedince v podminkach, kdy je vyhladovély a nema moznost vybéru.

Pro kazdy experimentalni druh jsme testovali padesat jedincu v paralelnim
a padesat jedincu v sekvencénim designu. Mezi jednotlivymi koly testt byly v obou

designech dvaceti ¢ty hodinové pauzy na vyhladovéni jedince.

V této praci byly pouzity stejné experimentalni arény a vzorky potencialni potravy
jako v pfedchozi studii, s tim rozdilem, Ze larvy bzucivek Calliphora vomitoria, byly

predkladany nejenom mrtvé, ale i Zivé.

VétSina zkoumanych jedinct vSech druhu mrchozroutl z rodu Thanatophilus
preferovala kufeci maso pred larvami bzudlivek. Zastoupeni kufeciho masa
ve zkonzumované potravé se pohybovalo od 82,54 % u T. micans a 88,81 %
u T. sinuatus az do 94,3 % u T. rugosus. Nicméné alespor néktefi jedinci kazdého

druhu byli schopni zabit nebo alesporn zkonzumovat mrtvé larvy bzucivek. Na rozdil
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od N. brunicollis (Jakubec et al., 2021), jsme u zastupcl rodu Thanatophilus
pozorovali vy8Si podil jedincu, ktefi Zadné larvy (mrtvé ani zivé) nekonzumovali.
Pfi porovnani potravniho chovani v ramci paralelniho a sekvencniho
experimentalniho designu jsme zaznamenali rozdily v mnozstvi zkonzumovaneé
potravy. Napfiklad mrchozrouti T. rugosus béhem paralelnich experimentd
zkonzumovali v prméru o 30 mg potravy vice nez béhem sekvencéniho testovani.
Nicméné celkové preference se neliSily. U vS8ech tfech druhd bylo nejvice

preferovanou potravou maso a nejméné preferované byly zivé larvy.

Nas experiment ukazal, ze oba evropsti mrchozrouti T. rugosus a T. sinuatus
jsou v dospélosti silné nekrofagni. Oproti tomu africky mrchozrout T. micans lovi

larvy o néco Castéji, coz muze byt zpusobeno i jeho relativné vétsi velikosti.

Z naSich vysledkl vyplyva, Zze mrchozrout Necrophila (Calosilpha) brunnicollis
je oproti mrchozroutlim rodu Thanatophilus dravéjSi a konzumuje vétsi mnozstvi
larev bzucivek (Jakubec et al., 2021). Zatimco vétSina jedinca N. brunnicollis
zkonzumovala v pribéhu experimentu alespon néjaké larvy, u zastupcli rodu
Thanotophilus tomu tak nebylo. Niz§i mira predace (i konzumace mrtvych larev
(Calosilpha) brunnicollis vazil v priméru 320,7 mg (SD = 58,65 mg), tak testovani
jedinci rodu Thanatophilus byli vyrazné menSi. T. micans vazil v pruméru
59,63 mg, (SD = 16,98 mg), T. sinuatus 36,06 mg, (SD = 10,00 mg) and T. rugosus
pouze 30,84 mg, (SD = 6,72 mg). Tomu by napovidal i fakt, Ze predacni chovani
jsme zaznamenali Castéji u nejvétSiho druhu (T. micans), naopak nejmensi ze tfi

testovanych druht (T. rugosus) lovil larvy jen v minimu pfipadu.

Oproti puvodnimu predpokladu, jsme mezi druhy T. sinuatus a T.rugosos
nezaznamenali zadny rozdil v potravnich preferencich. To je pomérné prekvapivé.
Oba druhy Ziji sympatricky, Casto se vyskytuji ve stejnou cast sezony
a diverzifikace potravnich strategii by byla jednou z mozZnosti, jak omezit

potencialni vzajemnou kompetici o zdroje.

Porovnani obou designl ukazalo, ze diky sekvenénimu designu, muzeme lépe
kvantifikovat maximalni spotfebu dané potravy. Na druhou stranu paralelni design
umozriuje Iépe nasimulovat realnou situaci v pfirodé. Proto jsou obé tyto metodiky

vhodné pro dalSi testovani potravnich preferenci nekrobiotniho hmyzu.
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Oba typy experimentalniho pfistupu (sekvencni i paralelni) jsou ekologicky
relevantni, protoze v pfirodnich podminkach mohou mrchoZrouti nachazet
kadavery pfipominajici sekvencéni provedeni, napfiklad kdyz objevi Cerstvé télo
bez larev. Mohou také najit kadaver v pokrocilém stadiu rozkladu, kde se v jednu
chvili nachazi jak masa larev, tak i rozkladajici se tkané, tento typ kadaveru
pfipomina paralelni testovani. NejbéznéjSim scénafem, ale pravdépodobné bude
paralelni vyskyt rozkladajici se tkané a larev sou€asné (Kalinova et al., 2009;
Sipkova and Rizicka, 2009).
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Abstract

We present a study of interactions in the highly competitive insect communities inhabiting the car-
rion of small mammals. Via manipulation in a fully quantitative design, we delayed community
development by excluding insect colonization in mouse and rat carcasses for 3 days, to study the role
of early competitively dominant colonizers [burying beetles (Nicrophorus spp.; Coleoptera: Silphi-
dae) and blowfly larvae (Diptera: Calliphoridae)] in the course of heterotrophic succession on small
cadavers. Earlier studies demonstrated that in the case of large mammalian carrion, exclusion of
insects’ access to the carcass in the early stages of decomposition altered the successional trajectory
and species assemblages. However, the effect of such manipulation in easy monopolizable small ver-
tebrate carrion remained unknown. Our results demonstrate that delaying insect access to carrion
significantly lowered blowfly larvae abundances, while it simultaneously had no effect on coloniza-
tion and carrion burial by burying beetles. Higher abundances of blowfly larvae seem to deter necro-
phagous beetles, whereas they are not harmful to the larvae of flesh flies, at least in larger rat
carcasses. Predatory beetle species preferred the lower abundances of blowfly larvae, presumably due
to better accessibility of their prey. Our results therefore suggest that in the course of the entire sea-
son, larvae of blowflies are the dominant competitors in small carcasses, and significantly affect the
assembly of other insect groups, whereas burying beetles may exhibit a more temporal pattern of
dominance.

for studying species coexistence, due to their temporal

Introduction

Animals avoid competition by differentiation in their food
utilization (Bergallo & Rocha, 1994; Schneider et al., 2004;
Schiesari et al., 2009), spatial patterns (Siemers & Schnit-
zler, 2004), and temporal patterns (Corbet, 1964; Low-
man, 1985). Among animals, insect communities are the
most popular model to test, especially due to their species
richness and easy experimental manipulations. In insects,
coexistence has been studied mostly in herbivore commu-
nities (Volf et al., 2015). However, communities inhabit-
ing ephemeral habitats represent another excellent model

*Correspondence: Frantisek Xaver Jiri Sladecek, Branisovska 31,
37005 Ceske Budejovice, Czech Republic.
E-mail: franzsladecek@gmail.com 38

instability and spatial limitations (Finn & Gittings, 2003).
Ephemeral habitats — such as animal dung (Lee & Wall,
2006), carcasses (Sharanowski et al., 2008), rotten fruit
(tukasik & Johnson, 2007), and fruiting bodies of fungi
(Yamashita & Hijii, 2007) — are patches of high-energy
substrate that are temporally limited and randomly dis-
tributed in time and space (Finn, 2001). They are therefore
subjected to a high degree of competition due to their lim-
ited occurrence and size (Putman, 1983; Wilson & Wolko-
vich, 2011; Sladecek et al., 2013). Temporal segregations
are usually considered to play a prime role in determining
coexistence of species inhabiting ephemeral habitats.
Invertebrate communities inhabiting carrion are proba-
bly the most studied because of practical implications of
successional patterns for forensic entomology (Schoenly &
Reid, 1987; Anderson & VanLaerhoven, 1996). However,
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mutual interactions between insect groups in carrion are
generally unknown or only speculative (Aleksandrowicz
et al., 2005; lkeda et al., 2006). Even though the temporal
displacements in carrion-inhabiting species are well
known, only few studies implemented a more mechanistic
approach to test the potential competition of individual
species or at the level of trophic guilds. The majority of
such studies analysed just the effect of various species of
burying beetles (Nicrophorus sp.; Coleoptera: Silphidae)
on other members of the carrion community (Ohkawara
et al., 1998; Kocarek, 2001; Ikeda et al., 2006). In the case
of small cadavers (<100 g of body weight; Trumbo, 1992),
primary competition should occur between burying bee-
tles and the rest of the community, especially blowfly lar-
vae (Diptera: Calliphoridae) because burying beetles are
able to hide carrion underground, thereby excluding other
insects (Suzuki, 2000). Burying beetles, however, do not
use carcasses that are fully colonized by blowfly larvae and
their adults are known to leave already buried carrion
infested with large numbers of fly larvae (Milne & Milne,
1976; Wilson, 1983). Both blowflies and burying beetles
tend to colonize very fresh carcasses (Smith, 1986), being
the first and competitively dominant insect colonizers of
small carrion, although there is some evidence that both
groups may also colonize older carrion (Lang et al., 2006;
Sipkova & Ruzicka, 2009; Yang & Shiao, 2012). Several
studies indicated that under certain circumstances, bury-
ing beetles are able to utilize more than 50% of accessible
small carcasses (Beninger & Peck, 1992; Trumbo & Bloch,
2000). Ants may represent another competitor for burying
beetles, as the utilization of carcasses by burying beetles is
less successful in the presence of ants (Scott, 1998).
Another conflict is presumed between necrophagous di-
pteran larvae and necrophagous carrion beetles (Silphidae:
Silphinae) (Blackith & Blackith, 1990; Scott, 1998). Finally,
competition occurs between blowflies and other flies, for
example, flesh flies (Sarcophagidae) and house flies (Mus-

cidae) (Blackith & Blackith, 1990; Matuszewski et al.,
2010).

It has been demonstrated that the exclusion of insects’
access to the carcass in the early stages of decomposition
alters the successional trajectory and species assemblages,

and thus potentially reflects the relations between con-
stituent species (e.g., Pechal et al., 2014). Yet these studies
were based either on a limited number of large carcasses,
that is, a limited number of replications (Payne, 1965;
Matuszewski et al., 2014; Pechal et al., 2014), or their
design did not allow a completely unbiased quantitative
investigation of the entire insect community presented, for

example, they focused just on the effect on adult activity
(Kocarek, 2003; Matuszewski et al., 2010; Pechal et al.,
2014).
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Here we present a fully quantitative study focusing on
the potential interactions within the whole-insect commu-
nity inhabiting small vertebrate carrion. Unlike the major-
ity of former studies that used either cumulative traps
(Kocarek, 2003; Matuszewskiet al., 2010) or sampled only
a small proportion of the actual insect community (Pechal
et al., 2014), we used passage traps which allowed us to
investigate the real, actual community composition pre-
sented on carrion at various time points after carrion
exposition (e.g., the community presented on 3-day-old
carrion). In addition, and contrary to the abovementioned
studies, we carried out a fully quantitative design, using a
multitude of vertebrate carcasses and replications. In our
approach, we manipulated the carrion development by
excluding insect colonization during the period crucial for
establishment and activity (carrion burial and oviposition)
of early-successional and competitively dominant insects.
We thereby aimed to investigate the effect on community
composition, abundance, and their interactions among
the competing taxa, both within and among trophic
guilds. The use of two size categories of carrion (mouse
and rat) enabled us to compare carcasses having a presum-
ably different role for the initial colonizer, as burying bee-
tles should easily manipulate the smaller (mouse) carrion
(Trumbo, 1992), whereas blowfly larvae should be the pri-
mary dominant competitors on bigger (rat) carcasses
(Pechal et al., 2014). To sum up, we aimed to test (1)
whether the delayed insect access to cadavers of small ver-
tebrates will alter the carrion insects’ community composi-
tion, (2) whether delayed insect access for 3 days will
affect the competitively dominant insects groups (burying
beetles and blowflies), and (3) how the exclusion of these

Table 1 Expected effect of delayed insect access to cadavers of
small vertebrates on abundance of insect community

Feeding strategy/ Expected
Group guild result
Ants (Formicidae) Omnivorous 0
Blowflies (Calliphoridae) Necrophagous -
Flesh flies (Sarcophagidae) Necrophagous +
Burying beetles Omnivorous -
(Necrophorinae)
Necrophagous beetles Necrophagous +
(Silphinae, Cleridae, etc.)
Predatory beetles Predatory +
(Staphilinidae,
Histeridae, etc.)
Skin beetles (Dermestidae) Necrophagous +

0, without changes of abundance; +, increase of abundance;
—, decrease of abundance.



competitively dominant groups will alter remaining insect
guilds on carrion. Expected changes in the respective insect
guilds are listed in Table 1.

Materials and methods

Study site

This study was carried out in meadows near the village
Osvinov (50°21°19"N, 13°1959"E), situated on the border
of the Doupov and the Ore Mountains, Czech Republic,
Central Europe. The study site is at 600 m above sea level
in a moderately warm region with a total annual rainfall of
700 mm and average summer temperature of 15.5 °C
(Tolasz et al. 2007).

Insect sampling

The study was carried out in 2014 and 2015. In 2014, we
used laboratory mouse (Mus musculus L.) carrion (25 g),
and in 2015, we used rat [Rattus norvegicus (Berkenhout)]
carcasses (500 g). These carrion types differ significantly
in the possible successional trajectories. Whereas mouse
carrion is frequently monopolized (buried) by early-suc-
cessional burying beetles, the carrion of a fully grown rat
cannot be (Smith & Heese, 1995; Smith & Merrick, 2001).
We used carcasses defrosted at ambient temperature with-
out insect access.

In 2014, we sampled in three seasons, covering the main
period of carrion-inhabiting insect activity (Kocarek,
2001): spring (17-31 May), summer (7-23 July), and
autumn (23 September-7 October). During 2015, we sam-
pled in three matching seasons: spring (9—23 May), sum-
mer (31 July-14 August), and autumn (23 September-7
October).

We used passage traps (Figure 1) for insect sampling,
which were designed to allow free insect movement until
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the sampling time. Thus, they do not accumulate insects
from earlier-successional stages as do the conventional pit-
fall traps, only the community present at the time of sam-
pling is captured. The passage trap (Figure 1A) consisted
ofatray (18 9 13.5 9 6.5 cm) filled with soil buried into
the ground to the level of the surrounding terrain. The car-
cass was placed on the substrate in the tray and covered by
a perforated plastic basket (27 9 20 9 12.5 cm) with
1.5 9 3 cm openings to protect the carcass from possible
vertebrate scavengers and simultaneously allowing insect
access. The basket was firmly attached to the ground with
15-cm nails. This type of coverage was used in the control
carcasses and the exposed treatment carcasses, whereas a
basket with openings filled with a fine mesh (1 9 1 mm)
preventing insect colonization was used for the exclusion
of early-successional insects (Figure 1B). The sampling
design consisted of treatment and control carcasses. The
treatment carcasses were covered with insect-proof baskets
for 3 days at the study site. After this period, the mesh-
filled covers (Figure 1B) were replaced with open ones
(Figure 1A), allowing insect colonization. It has been
demonstrated, at least in the case of small carcasses, that
the first 3 days of carrion succession represent a period
with the highest activity and oviposition rate of primary
insect colonizers (burying beetles and blowflies) (Kalinova
etal.,, 2009; J Kadlec, S Mikatova & P Maslo, pers. obs.).
After replacing the covers, the treatment carcasses were
exposed to insect colonization for an additional 1-5 days,
and sampled on the days 1, 2, 3, 4, or 5 after uncovering.
Control carcasses (i.e., carcasses covered with open-hole
baskets only) were exposed to the insects throughout the
whole experiment and placed at the study site simultane-
ously with treatment carcasses. Therefore, for a treatment
carcass covered for 3 days and exposed for 1 day, there
was one control carcass exposed for 4 days. Each

Figure 1 Experimental trap design: (1)
carcass; (2) perforated plastic cover basket
with holes, (A) allowing insect access, or
(B) filled with fine mesh for exclusion of
insects; (3) a tray with soil, and (4) nails to
secure the trap in the soil (drawing by S.
Mikatova).
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successional pair of treatment and control carcass was
replicated 49 in each season.

The four replicates were established during four succes-
sive days (each on 1 day) to minimize the effect of weather
variation on the insect activity (Figure S1). In total 240 car-
casses of two types (mouse, rat) were set during three sea-
sons (spring, summer, autumn) and four replications in
each season. Each replication consisted of five treatment
and five control carcasses.

Sample processing and species classification

On the sampling day, the whole trap, including the rodent
carcass and the bottom tray filled with substrate, was
placed in a labelled plastic zip lock bag and brought to the
field laboratory for processing. First, insects from the sub-
strate and surface of the carcass were sampled. Subse-
quently, the carcass was carefully dissected and searched
for remaining insects inside. Then the rest of the sample
was floated in water and sieved through a fine monofila-
ment fabric. This method enabled the recording of almost
all insects in the sample. Adult insects were fixed in ethanol
(70%) and larvae were placed into Pampel% solution (Sva-
cha & Danilevsky, 1986) to prevent the hardening of their
soft tissues. Insects were then taken to the laboratory for
identification. All adult beetles were identified to species
level. The dipteran larvae were identified to family level
and instars (Table S1). Singleton records were excluded
from the further analyses. The content of a single trap rep-
resented one sample in further analyses.

For the purpose of whole-community analyses, the sam-
pled species were classified into the main ecological groups
present in communities of carrion-inhabiting insects. The
groups are represented by trophic guilds (necrophagous,
predatory beetles) or by higher taxonomic ranks with dif-
ferent behaviour (burying beetles, blowflies, flesh flies, and
ants). Burying beetles were excluded from the necropha-
gous beetle guild due to their breeding behaviour and the
fact that their adults consume both larvae and decaying
flesh (Wilson, 1983; Trumbo, 1992). Blowflies and flesh
flies were evaluated separately, because there is a difference
in oviposition (blowflies lay eggs whereas flesh flies lay first
instars) and larval behaviour (Blackith & Blackith, 1990).
The early-successional dominant guilds are represented by
burying beetles (Silphidae: Nicrophorus spp.) and the lar-
vae of blowflies (Diptera: Calliphoridae). Burying beetles
can easily monopolize smaller carcasses (up to 200 g), by
burying them underground (Trumbo, 1992), and they are
able to feed directly on carrion (both larvae and adults) or
they can prey on dipteran larvae (only adults; Scott, 1990,
1998). The predominant competitively inferior guilds
were: Necrophagous beetles, which feed solely on carrion
(Silphidae: Silphinae, Leiodidae) (Sustek, 1981; Kocarek,
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2003), predatory beetles, which feed primarily on other
insects (Staphylinidae, Histeridae) (Amendt et al., 2004;
Byrd & Castner, 2009), larvae of flesh flies (Sarcophagi-
dae), and ants (Hymenoptera: Formicidae; Table S1).

Statistical analysis

Generalized linear models with mixed effects (GLMM)
were used to test the differences in the abundance of the
whole-insect community and the abundance of trophic
groups per carcass between treatment and control car-
casses. A unique GLMM with Poisson distribution of
errors was fitted for either the abundance of the entire
insect community or each individual trophic group. These
GLMMs were fitted in R v.2.15.2. (Pinheiro et al., 2017),
using the ‘glmer’ function in the package Ime4 (Bates et al.,
2014). Temporary insect exclusion (control or treatment)
was used as the explanatory variable. Successional gradi-
ent, seasonal gradient, and affinity to a replication (succes-
sional line placed on the same day) were treated as factors
with random effect. All analyses were performed separately
for both types of carcasses.

Trends in abundance development of fly larvae during
exposure for each treatment and carrion type combination
were computed using generalized linear models with Pois-
son distribution of errors computed in CANOCO v.5 (Ter
Braak & Smilauer, 2012) as species response curves. This
was done to analyse whether the treatment carcasses
already hosted the maximum potential number of blowfly
and flesh fly larvae, to overcome the potential problem
that the treatment traps were exposed to insects for a
shorter time than the control (5 days in treatment, 8 days
in control traps), which may have resulted in the abun-
dances of dipteran colonizers not reaching their peaks.

To test the effect of delaying insect access to carrion at
the species level, we used the canonical correspondence
analysis (CCA) computed in CANOCO v.5. Insect exclu-
sion (control/treatment) was used as the environmental
variable. Prior to these analyses, the species data were log
(x+ 1) transformed. Seasonal gradient, affinity to a repli-
cation, and successional gradient were used as covariates
where seasonal gradient and affinity to a replication were
used as block covariates. Significance was tested with a
Monte Carlo permutation test (999 permutations). Analy-
ses were performed separately for both types of carcasses.

Results

Insect density and community composition

In 2014, we set up 120 traps baited with mouse carcasses,
of which 82 traps (41 controls, 41 treatments) were evalu-
ated and 38 traps (19 controls, 19 treatments) were
destroyed or damaged by vertebrate scavengers. In 2015,



we set up 120 traps baited with rat carcasses, of which 100
traps (50 controls, 50 treatments) were evaluated and 20
traps (10 controls, 10 treatments) were destroyed or
excluded. We excluded treatment carcasses with missing
respective controls and vice versa. The term ‘carcass’ is
hereafter used for the whole sample including insects from
the dead body and those from the soil in the tray.

In total, 65 915 individuals of carrion-inhabiting insects
were collected; of these, 2 543 individuals were found on
mouse carcasses (259 beetles of 11 species, 2 156 flies of
two families, 128 ants of two species) and 63 372 individu-
als on rat carcasses (1 188 beetles of 28 species, 62 180 flies
of three families, four ants of a single species) (Tables 2
and S1). In both carrion types, Calliphoridae were the
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most abundant dipteran group with 1 670 and 61 652
individuals in mice and rats, respectively. Silphidae were
the most abundant beetle group with 206 individuals in
mouse carrion and 686 individuals in rats. In total, 10
mouse carcasses of the controls were buried and eight of
the treatment, where a not a single rat carcass was buried.

Changes at the community level and in trophic guild composition

The abundance of the whole carrion-inhabiting commu-
nity was generally lower in treatment carcasses with insect
exclusion in both carrion types (mouse: z = —7.33; rat:
z = —98.11, both P<107% Figure 2). Maximum abun-
dance of insects was 346 individuals on a single control
mouse carrion, and 253 individuals on treatment mouse

Table 2 Effect of treatment on abundance of main insect guilds in both carrion types

Mouse Rat
Abundance Abundance Effect of Abundance Abundance Effect of
Guild in treatment in control treatment in treatment in control treatment
Ants 88 40 1 0 4 1
Blowflies 580 1090 1* 18039 43613 1*
Flesh flies 296 190 1* 217 311 1*
Burying beetles 45 76 1* 9 8 l
Necrophagous beetles 70 59 1* 515 248 1*
Predatory beetles 6 3 i 185 223 1*
*Significant difference.
A B
50 12
45
[0} 40 [0}
g g
{30 * 8
5 25 5
3 2 e
15
10
5
% " Whole comm Calli larvae - Sarco Necro Ants Bury Pred
Figure 2 Mean (+ SEM) abundance (no. v
specimens) of carrion-inhabiting insect C D
trophic guilds on (A, B) mouse and (C, D) 1200 14
rat control (white bars) and treatment 1000 12 *
(grey bars) carcasses. An asterisk (*) 8 * 8 10 "
indicates a significant difference between S 800 S
treatment and control (GLMM: g 600 g ¢
P<0.05).Whole comm: all insect in a £ g 6 *
. . 400
sample; Calli larvae: larvae of blowflies; 4
Sarco: larvae of flesh flies; Necro: 200 2 m
necrophagous beetles; Bury: burying 0 | —
beetles of the genus Nicrophorus; Pred: Whole comm Calli larvae Sarco  Necro Pred Bury Ants
predatory beetles. Trophic guild

42



734 Kadlec et al.

carrion. Maximum insect abundance on single control rat
carrion was 5 377 individuals and on treatment rat carrion
4 888 individuals. Mean abundance of insects on treat-
ment carrion reached only 75% (mouse) or 43% (rat) of
the abundance on the control carrion.

Blowfly larvae displayed lower abundances in both car-
rion types in treatment traps (mouse: z= —12.28; rat:
z=—99.73, both P<107°). In both control and treatment
mouse carcasses, blowfly larvae reached their maximum
density on days 7 and 3 after exposure, respectively, with
relative abundances ranging from 50 to 90% in controls
and from 0 to 80% in treatment traps. However, after
reaching their maximum, the relative blowfly abundances
remained very high in control carcasses (around 80%),
whereas they decreased in treatment carcasses (down to
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50%; Figure 3). Blowfly larvae in both control and treat-
ment rat carcasses represented always more than 90% of
the community abundance. However, in treatment car-
casses they represented only 20% of the overall community
on the 1st days after exposure.

Burying beetles were less abundant in treatment mouse
carcasses (z = —2.79, P = 0.005), whereas they reached
similar abundances in both control and treatment rat car-
casses (z=0.26, P = 0.80). Burying beetles reached their
maximum numbers in control mouse carcasses on days 7
and 8 after exposure; they formed 81 or 56% of the insect
community without Calliphoridae (Insects without Cal-
liphoridae = IwC). In treatment carcasses they reached
lower numbers, with a maximum on day 3 after exposure
(19% of IwC). In rat carcasses, burying beetles occurred

|:| Diptera spp.

. Muscidae
|:| Sarcophagidae
|:| Ants

[ ] Coprophaga

D Dermestidae

- Histeridae
4 5 6 7 8

Day of exposition to insect activity |:|Staphy|inidae

. Carabidae

[ ] Leiodidae

. Silphinae

-Nicrophorinae

u Other

[l catiiphoridae

4 5 6 7 8
Day of exposition to insect activity

Figure 3 Relative abundances (%) of carrion-inhabiting insect groups on mouse (A) treatment and (B) control, and on rat (C) treatment
and (D) control. Each panel comprises five pairs of bars (two bars per carrion age in days); the first bar in each pair represents the

percentage of blowfly larvae (Calliphoridae; black) and the rest of the insect community (insects without Calliphoridae, IwC; white), the
second bar represents the percentage of insect groups within the IwC category. Diptera spp. = members of other than specified dipteran

families (e.g., Tipulidae).
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rarely, at most they formed 2% of IwC in control and 3%
of lwC in treatment carcasses.

Necrophagous beetles were more abundant in treatment
rat carcasses, (z = 9.44, P<107°), whereas they reached
similar abundances in both control and treatment mouse
carcasses (z=0.97, P =0.33). Necrophagous beetles
reached their maximum 54% of IwC in control mouse car-
casses after day 6 of exposure, but they represented only
25% of IwC at most on treatment mouse carcases. The
maximum relative abundance of necrophagous beetles on
rat carcasses was recorded on day 8 after exposure in con-
trols (42% of IwC) and on day 1 of exposure in treatment
carcasses (77% of IwC).

Larvae of flesh flies were more abundant in treatment
mouse carcasses (z = 4.77, P<107°), but more abundant
in control rat carcasses (z = —4.07, P<10~4). In both con-
trol (day 4) and treatment (day 5) mouse carcasses, flesh
flies reached a maximum of 82% IwC. However, in treat-
ment carcasses, flesh flies formed a substantial part of IwC
community for several days. This situation was directly
opposite for rat carcasses, where flesh flies reached a maxi-
mum of 63% of IwC in control and 46% in treatment.

Abundance of predatory beetles was, by marginal signif-
icance, higher in treatment mouse carcasses (z=1.97, P
=0.049) but lower in treatment rat carcasses (z
= —1.95, P =0.051). Predators reached an overall lower
abundance in mouse carrions compared with rat
carrions. In control mouse carcasses they reached a maxi-
mum of 2% IwC and on treatment mouse carcasses they
reached a maximum of 9% of IwC. In control rat carrions
they reached 54% IwC on day 8 after exposure and on
treatment rat carrions they reached 36% of IwC after day 5
of exposure.

Ants were more abundant in treatment than in control
mouse carcasses (z = 4.13, P<10~% Figure 2). Due to the
presence of ants only in a single sample (control), it was
not possible to fit the GLMM for them in the rat treatment
and control. In mouse control carcasses ants reached their
maximum percentage of the community (22% IwC) on
day 6 after exposure and formed 41% of IwC on day 1 after
exposure in treatment mouse carcasses. In control rat car-
casses, they reached their maximum (3%) on day 4 after
exposure. Ants were not recorded in the treatment rat car-
casses (Figure 3).

The results of GLMs fitting larval abundance develop-
ment during exposure clearly showed that larvae of Cal-
liphoridae reached their optimum during our sampling
time in all treatment*carrion type combinations, thus vali-
dating the results of GLMMs. The same applies for Sar-
cophagidae, with an exception of the mouse treatment
carrion, in which their numbers were even rising towards
the endpoint of our sampling, thus again supporting the
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difference between mouse control and treatment carcasses
(Figure S2).

Species level

There was a significant difference in species composition
between treatment and control carcasses in both carrion
types: mouse: F = 2.1, P = 0.024, first canonical axis
explains 3.1 of 24% explainable variability (Figure 4A and
B); rat: F= 1.8, P = 0.004, first canonical axis explains 2.6
of 17.1% explainable variability (Figure 4C and D).

Competitively dominant guilds displayed a general pref-
erence for control carcasses, which is reflected primarily by
blowfly third instars and partly by larvae of burying beetles
in mouse carrion. Adult burying beetles were represented
similarly in both control and treatment carcasses (Fig-
ure4).

The competitively inferior guilds displayed more com-
plicated patterns. In mouse carcasses, half of the necropha-
gous beetle species displayed a preference for treatment
[e.g., Sciodrepoides watsoni (Spence), Thanatophilus rugo-
sus (L.)], whereas half of the species did not display any
preference [e.g., Thanatophilus sinuatus (Fabricius),
Catops grandicollis Erichson]. The larvae of flesh flies (Sar-
cophagidae), most predatory species, and all ant species
displayed a preference for treatment mouse carcasses.

In necrophagous beetles, most species preferred treat-
ment rat carcasses. Notable is the occurrence of necropha-
gous beetle larvae (Thanatophilus sp.) and Dermestes
frischi Kugelann in treatment rat carcasses. Larvae of flesh
flies (Sarcophagidae) preferred control rat carcasses. Only a
few species of predatory beetles had a clear preference for
control rat carcasses, whereas the rest of the species either
preferred treatment (ca. half of the species) or were equally
abundant in both control and treatment carcasses (so, no
preference; Figure 4).

In mouse carrion, S. watsoni preferred treatment traps,
but on rat it was more abundant on control carrion.
Nicrophorus humator preferred control in both types of
carrion, but a closely related Nicrophorus vespillo (L.) was
without preferences in mouse carrion and prefer treatment
rat carrion. The two species of Thanothophilus carrion bee-
tles showed different preferences: both T. rugosus and T.
sinuatus preferred treatment rat carrion, but only T. rugo-
sus preferred treatment mouse carrion.

Discussion

In this study, we demonstrated that delayed insect access
to carrion of small vertebrates affects the establishment of
a carrion insect community. This was evident both among
competitively dominant and inferior insects. The competi-
tively dominant early-successional guild of blowfly larvae
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Figure 4 Canonical correspondence analysis (CCA) ordination diagrams of carrion-inhabiting insect species preferences for treatment
(Treat) and control mouse and rat carcasses: (A) mouse carrion including Nicrophorus investigator (NINV) and Nicrophorus sp. larvae
(LARNic); (B) mouse carrion without NINV and LARNic; (C) rat carrion: necrophages and omnivores; and (D) rat carrion: predators.
Grey symbols represent early-succession dominant guilds, white symbols represent competitively inferior groups, and black symbols
represent the predictor variables (Control/Treat). Up-triangle = burying beetles; down-triangle = larvae of blowflies;

diamonds = necrophagous beetles; circles = predators; stars = larvae of flesh flies; squares = ants. For abbreviations see Table S1.

was more associated with control carcasses, whereas the
competitively inferior guilds displayed more intricate and
cadaver-type-dependent patterns of preferences including
both positive and negative reactions to carcasses with
delayed insect access throughout. The second competi-
tively dominant guild of burying beetles displayed some
preference for control carcasses (larvae), whereas adults
did not display any preference at all. This study is the first
to employ a quantitative sampling design, picturing the
real community structure of individual carcasses to inves-
tigate the patterns of carrion insect community, and to
perform a replicable and detailed study of carrion-inhabit-
ing insects.

Establishment of early-successional competitively dominant guilds

Blowflies (Calliphoridae) displayed a strong preference for

control carcasses in both size categories of small carrion.
Blowflies tend to colonize very fresh carrion (Smith,

1986), although there is some evidence that blowflies can
also colonize older meat (Lang et al., 2006; Yang & Shiao,
2012). This was also supported by our study, in which
blowflies established themselves on treatment carcasses as
well. However, our results demonstrated that the coloniza-
tion of older carcasses was sub-optimal for them, as they
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never reached the abundances observed in control carrion.
Similar to Pechal et al. (2014), colonization progress was
faster and maximum abundance was reached more quickly
on insect-excluded carcasses. This flexibility could, how-
ever, facilitate their coexistence with burying beetles on
very small carrion, as blowflies could oviposit on carrion
which was already unsuitable for breeding by burying bee-
tles (mouse; Trumbo, 1990). Pechal et al. (2014) observed
that blowfly larvae make carrion inaccessible to insects
throughout the early stages of its decomposition — our
observations suggest that in the case of smaller carrion,
other insect species are able to coexist with them as well. It
is important to note, however, that Pechal et al. (2014)
used large carrion (pig), which has a different successional
trajectory, and recorded only adult insects flying in the
proximity of the carcass.

Surprisingly, adult burying beetles were equally associ-
ated with all types of carcasses (control/treatment, mouse/
rat). This can be caused by their bimodal behaviour, which
depends both on the age and mating readiness of the bee-
tles, and the condition of the carrion. For their breeding,
burying beetles monopolize smaller and fresh carrion
without fly eggs or maggots (Milne & Milne, 1976;
Trumbo, 1992). However, newly emerged beetles could



prefer carcasses with substantial abundance of fly larvae
upon which they prey (Wilson, 1983; Trumbo, 1992).

Effect of insect exclusion on competitively inferior insects

The delay of insect activity on small mammal carcasses sig-
nificantly affected the abundances of blowfly larvae. In

contrast, neither colonization nor nesting activity of bury-

ing beetles differed between control and treatment car-
casses. Our results could therefore suggest that blowfly
larvae are competitively more dominant, as burying bee-
tles” monopolization capability seems to be not as high as
that of the blowflies, and they themselves tend to avoid
nesting in the presence of blowfly larvae (Milne & Milne,
1976; Wilson, 1983). It is important to note that the beha-
viour of burying beetles is under strong influence of tem-
poral segregation, and colonization and monopolization
rates may thus have a strong seasonal pattern as indicated
also in our study (data not shown).

The primary impact of blowfly larvae on other insect
groups relates to their huge abundances, as one blowfly
female can lay around 200 eggs in a single batch, so only a
few batches of eggs represent thousands of larvae (Macker-
ras, 1933; Smith, 1986). In addition, blowfly larvae also
emit ammonia, which at a higher concentration is toxic to
beetles and helps to exclude them at the early stages of
decomposition (Villet, 2011). A carcass colonized by blow-
fly larvae becomes moister than a carcass without them.
This excess of moisture also seems to repel the majority of
other insects (Byrd & Castner, 2009).

Necrophagous beetles displayed significant preference
for treatment rat carcasses, which simultaneously hosted a
much smaller community of blowfly larvae than the con-
trol carcasses (with mean abundance of 800—1 000 indi-
viduals in control and 400 individuals in treatment
carcasses). Notable is the occurrence of skin beetles (D.
frischi) only in treatment rat carcasses. Skin beetles utilize
the dry remains (Amendt et al., 2004), they naturally
should favour the smaller abundance of blowflies which
makes the carcasses less humid.

The relationship between the larvae of blowflies and
flesh flies is probably related to the size of individual car-
casses and thus potential competition for space. This could
explain the conflicting preference of flesh flies for treat-
ment mouse carcasses and control rat carcasses. Flesh flies
colonize carcasses later than blowflies and lay live larvae in
lower numbers than Calliphoridae, but have faster life
cycles (Gill, 2005). Flesh fly larvae are already present when
blowfly eggs are still un-hatched (Blackith & Blackith,
1990). They are also known to kill their potential larval
competitors (Matuszewski et al., 2010). Flesh flies there-
fore probably do not directly mind the presence of blow-
flies given there is enough space to coexist.
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The response of predatory species to delayed insect
access is peculiar. In mice, predators as a guild and most
separate predatory species were associated with treat-
ment carcasses. This preference could be explained
either by predators following their prey (and also the
presence of smaller larvae) or by simply a better accessi-
bility of food due to lower density of blowfly larvae. A
similar explanation might also affect the patterns of ant
species in mice (Braack, 1987). In rats, predators as a
guild seemed to follow numerically their main prey, the
fly larvae. On the other hand, the treatment carcasses
hosted a predatory community that included almost half
of all predatory species, including also species whose
larvae are known to be parasitoids of flies (e.g., rove
beetles of the genus Aleochara; Greene, 1997). Such
parasitoid species might prefer carcasses with lower
blowfly larval abundances, where the larval collective
defence is less effective, and thus the oviposition on an
individual larva might be more effective (Peschke &
Fuldner, 1987; Rivers et al., 2011).

In general, the majority of the conflicting interactions
between blowfly larvae and competitively inferior insects
are probably avoided or softened by the distinct seasonal-
ity in carrion-inhabiting insects (Hanski, 1987; Blackith &
Blackith, 1990; Centeno et al., 2002).

Effect of carrion type

Although our study was not designed to compare the
effect of carrion size, some substantial differences in
insect communities between mice and rat carrion were
observed, as was to be expected (Matuszewski et al.,
2016). Bigger carrion (rats) hosted higher overall insect
abundances and more insect species. The effect of treat-
ment was more prominent on rat carrion, on which the
abundance of the whole community was less than half
of control abundance. The most dominant group on
both carrion types were Calliphoridae larvae. We
observed different effects of the treatment on flesh flies:
on mouse cadavers their abundance increased after
insect exclusion, but on rat cadavers it decreased. This
could be attributed to a high abundance of competi-
tively strong blowfly larvae on bigger carrion. Burying
beetles were more abundant on mouse carrion, whereas
the remaining representatives of the Silphidae family
preferred rat carrion, presumably because there was a
larger amount of prey material available (Blackith &
Blackith, 1990). Similarly, predators (Histeridae, Sta-
phylinidae) were more common on larger cadavers.

Comparison of carrion and other ephemeral habitats
In carrion, the competitively dominant species seem to
have both negative (blowflies) and indifferent (burying
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beetles) effects on competitively inferior species, repre-
sented predominantly by beetles. Our results are thus in
contradiction with those from the dung-inhabiting
communities. Although a negative impact of fly larvae
on beetles has been documented in temperate commu-
nities (Hirschberger & Degro, 1996), it is generally
accepted that large dung-relocating beetles have a sharp
negative influence on fly larvae (Bornemissza, 1979;
Ridsdill-Smith et al., 1986). The same negative impact of
burying beetles on fly larvae has always been pre- dicted
in the carrion community (Suzuki, 2000), whereas our
results show that such impact is fairly lim- ited. This can
be caused by the size of the beetles, limit- ing the
utilization of large carrion by burying beetles, who can
only bury a small carrion, whereas dung beetles are able
to use a broader spectrum of dung size. In some periods
of the year, burying beetles are able to monopo- lize
most of small carrion in nature (spring, summer), but
overall they are able to bury only 25% of carrion during
ayear. The potential competition between fly larvae and
beetles is probably a competition for space both in dung
and carrion (Hirschberger & Degro, 1996). However,
until more data are available, we can- not conclude
whether larvae of coprophilous flies use the same
methods for competing with beetles as larvae of
blowflies do, for example, using chemical substances
such as ammonium (Villet, 2011).
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Abstract

Precise data regarding feeding habits of necrobiont species are a key element of food web and evolutionary
ecology. They can also be used to assess the utility and value of those species for forensic entomology,
where obligatory necrophagous species in particular are considered good bioindicators of postmortem or
preappearance interval. However, the feeding habits of many species are known only from anecdotal field ob-
servations, often reduced to vaguely defined categories—predatory, necrophagous, or omnivorous. To address
this issue, we designed a simple, in vitro behavioral experiment allowing the quantification of food preferences.
Next, we applied it on Necrophila (Calosilpha) brunnicollis (Kraatz, 1877), which is a common carrion beetle of
East Asia with unresolved food preferences.The results suggest that this species is preferentially necrophagous,
thus valuable for forensic research. Importantly, however, our experimental design allowed us to reveal that it
also readily feeds on larvae of Diptera, although they compose a minor proportion of its diet. This methodology
can be applied to other species, and it could provide evidence for future decision making in forensic research.

Key words: forensic entomology, food choice, gender, necrophagy, Silphidae

The utility of necrophagous beetles (Coleoptera) in forensic en-
tomology is a well-established fact, although this group has been
overlooked and underutilized. They seem especially promising as bio-
indicators for postmortem interval (PMI) or preappearance interval
(PAI) estimation (Midgley et al. 2010, Matuszewski 2011). The major
spark of interest in the group started relatively recently when more
data on the developmental biology of early colonizing and necropha-
gous species became available (Midgley and Villet 2009a; Velasquez
and Viloria 2009, 2010; Ridgeway et al. 2014). When considering po-
tential candidates as well an efficient use of our time and resources,
we should focus on the most promising species first. Such a candidate
species should be one with a well-established taxonomic status, along
with a possibility of unequivocal morphological or molecular identi-
fication. Furthermore, the species should be common, widely distrib-
uted, and we should be able to clearly identify its feeding strategy. The
last point is especially important: because obligatory necrophagous
species represent the most promising bioindicators for forensic ento-
mology (Amendt et al. 2004), the identification of their feeding habits
is crucial for correct research prioritization.

Carrion-visiting (necrobiont) insects are commonly divided ac-
cording to their foraging ecology into four main guilds: necrophages,
predators, parasites/parasitoids, and omnivores (VanLaerhoven 2010,
Villet 2011). Although some species are restricted to a single feeding
strategy, many of them are more plastic and may alter the food source
according to the existing ecological circumstances (Merritt and De
Jong 2016). Necrophages feed directly on dead tissue or utilize dry
remnants including skin derivatives as hairs or feathers. Among
beetles, the families Silphidae, Dermestidae, and Trogidae host the
highest numbers of necrophagous forms (Merritt and De Jong 2016).
The family Silphidae, despite its misleading English name ‘carrion
beetles’, is not in its entirety necrophagous, and other foraging strat-
egies such as predation, herbivory, and omnivory are represented
(Ratcliffe 1996, Sikes 2008). Larvae of some groups, such as sexton
beetles (Nicrophorus sp. (Fabricius, 1775) (Silphidae)), are primarily
necrophagous, whereas adults are opportunistic and they can feed on
both carrion and live fly larvae (Sikes 2008).

The bulk of our knowledge of feeding habits relies on anecdotal
observations without a quantitative approximation of exact feeding
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habits of a given species. An interesting way how to solve this problem
was shown by lkeda et al. (2007, 2008), while studying foraging
habits of Japanese silphids. They performed stable isotope analysis
where they compared specific isotopic ratios in several species of
carrion beetles with those of sexton beetles (scavengers) and carabid
beetles (predators) and matched the food habits with the respective
species position on a phylogenetic tree. These analyses have shown
that among Silphidae, necrophagy could be a plesiomorphic state
and other feeding habits seen in extant species occurred due to coa-
daptation and speciation events (Ikeda et al. 2008, King et al. 2015).
The transition from necrophagy to predaceous feeding in Silphinae
was also related with the change in other life-history traits, e.g., the
loss of flight capability or modification of egg/clutch size (lkeda
et al. 2008). However, the situation might not be as clear as it may
seem—e.g, in the genus Necrodes (Leach, 1815) (Silphidae), which
represents an early lineage of Silphinae (King et al. 2015), there is a
number of records indicating a mixed, if not a primarily predaceous
strategy (Ratcliffe 1972, King et al. 2015). Also, a number of silphids
commonly considered as true necrophages, which was also estab-
lished in the works of Ikeda et al. (2007, 2008), including the rep-
resentatives of Necrophila (Kirby & Spence, 1828) (Silphidae) have
been observed feeding on maggots at times in preference to carrion
even in larval stages (for details, see King et al. 2015). The problem
of the stable isotope analysis is that it relies heavily on comparison
with other species, which is in practice circular reasoning. Thus, in
order to find the feeding habits of the focal species, we have to study
their feeding behavior directly.

For our study, we selected the carrion beetle, Necrophila
(Calosilpha) brunnicollis (Kraatz, 1877), a member of the subfamily
Silphinae that occurs throughout east Asia including Japan, China,
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and the Korean Peninsula (Rlzicka et al. 2015). The species was
reported as necrophagous (lkeda et al. 2008, Ruzicka et al. 2015);
thus, it belongs on the list of potential bioindicators for forensic
entomology. The ecology of N. brunnicollis is relatively unknown
and most of the available information comes from collectors in the
form of locality labels under museum specimens. The species is fre-
quently encountered in broad-leaved and mixed temperate forest or
bamboo growth with an occurrence period from April to October
(Kamimura et al. 1964, Nagano and Suzuki 2003, Ruzicka et al.
2015, Ueda 2015). The peak flight period is in July, as observed in
southern Kant6 District, Japan (Nagano and Suzuki 2003); however,
due to its broad range, the seasonal occurrence patterns may vary
geographically (Razicka et al. 2015). According to anecdotal field
observations, N. brunnicollis is regularly attracted into baited pitfall
traps with meat or can be encountered on large vertebrate carcasses
(Rtzicka et al. 2015), although occasionally it has also been found
on other rotting substrate or on mushrooms (Rizicka et al. 2015).
The association with dead vertebrates was confirmed by ratios of
carbon and nitrogen stable isotopes (Ikeda et al. 2007, 2008). Both
these studies reported the isotope ratio in N. brunnicollis to be re-
markably similar to other necrophagous species in the analysis. On
the other hand, due to the abovementioned contradicting informa-
tion on foraging habits in Silphidae, these conclusions need to be
tested. Especially because the species represents a potentially very
valuable bioindicator for forensic entomology in East Asia.

By creating a standardized methodology for food choice tests
suitable for carrion beetles, we aimed 1) to test the in vitro food
preferences of N. brunnicollis, 2) to quantify the relative contribu-
tion of both main dietary components (decayed meat, fly maggots) in
the total food intake of the species, and 3) to use the results to assess

the suitability of N. brunnicollis for forensic studies.
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Materials and Methods

Experimental Specimens

The experiment was performed with mature beetles, obtained from a
laboratory breeding colony at the Czech University of Life Sciences
Prague. They represented the second generation of adults bred in the
laboratory under standardized climatic and light conditions and also on
the same food source which consisted of fish meat (Scomber scombrus
Linnaeus, 1758), which is commonly used diet of laboratory bread
silphids (Midgley and Villet 2009b, Ridgeway et al. 2014, Novak et al.
2018, Jakubec et al. 2019). Parent generation was collected with baited
pitfall traps placed in different habitats in West Tianmushan Nature
Reserve (1,165-1,470 m a.s.l; GPS: 30°20'35.16"-30°20'56.76"N
119°25'27.84"-119°25'53.76"E), China, Zhejiang Province, Lin’an
County between the 5 and 6 July 2017.

The experimental group consisted of 50 randomly selected bee-
tles, 23 males and 27 females. The species identity and sex was
confirmed by observation of morphological features of living and
immobilized individuals under microscope and using a specialized
identification key (Rizicka et al. 2015). To immobilize observed spe-
cimens, we placed each beetle inside a Petri dish (9 cm in diameter)
and pinned it down with a hand-held cotton pad. This allowed us
to study each animal for long periods of time without the need to
use carbon dioxide or chilling (Champion de Crespigny and Wedell
2008).

In an attempt to control and minimize the effect of intrinsic fac-
tors on the food choice of our experimental animals, we used beetles
that were of approximately the same age and were allowed to mate
freely. To further equalize the starting physiological conditions of the
animals, they were isolated and fed ad libitum with chicken breasts
for 48 h and then starved for another 24 h.

Food Preference Experiment

To test the food preferences, we prepared two types of food pre-
sumably consumed by N. brunnicollis in the wild: pieces of chicken
breasts (approximate weight of 0.5 g) and larvae of blue bottle fly
[Calliphora vomitoria (Linnaeus, 1758) (Calliphoridae)]. Chicken
breasts were selected because they well represent the muscle tissue
that is consumed by necrophagous species. It is also highly uniform
in structure, unlike fish meat that was used during the breeding, con-
veniently providing us with almost constant measurements of dry
weight, thus allowing for accurate measurements of food consump-
tion over a period of time. The blue bottle fly larvae were selected as
the representatives of the one of the most abundant necrophagous
insect families encountered on carrion in China (Wang et al. 2019).
At the beginning of the experiment, the maggots were freeze-killed
to prevent them from consuming the meat and also to stop their
movement, which could increase their attractiveness for the experi-
mental beetles.

The behavioral experiments were conducted in glass Petri dishes
(150 mm diameter, 30 mm height), each containing a sheet of mois-
tened filter paper and two pieces of potential food, chicken breasts
and a fly larva. The food was arranged at random on a circle at a
distance of 2 cm from the edge of the Petri dish. The experiment was
conducted under ordinary room conditions (17-20°C and 75-85%
air humidity). Beetles were weighed right before they were placed in
the middle of the Petri dish using analytical scales to record their ac-
curate starved weight. Afterward they were allowed to feed on both
types of food for 24 h. The remaining food was afterward removed
and dried in a cabinet dryer for 12 h at 50°C to achieve a constant
net dry weight.
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To calculate the actual food consumption, the conversion factor
was estimated from a random sample of 25 pieces of chicken meat
and fly maggots, respectively. We measured their wet mass and their
constant net dry mass, obtained by an identical drying procedure
as applied to the experimental samples (at 50°C until reaching con-
stant weight). The net dry weight of consumed food was calculated
as the difference between the dry weight of introduced food and the
dry weight of its remains (Waldbauer 1964, Soo Hoo and Fraenkel
1966). The relative consumption rate was calculated as the weight of
the food consumed over the period of 24 h relative to the weight of
the adult at the beginning of the experiment, as suggested by Farrar
etal. (1989).

Statistical Analysis

To understand the foraging ecology of N. brunnicollis, we have in-
vestigated five questions (1-5): first, we looked into 1) differences in
the weight of males versus females. The null hypothesis was that the
difference between mean weight of males and females is zero, which
we tested with a two-tailed t-test. 2) Does N. brunnicollis exhibit a
preference for either of the two food types (chicken or maggots)?
Our null hypothesis was that the amount of food consumed is the
same for both items that were offered to each individual. A paired
one-tailed t-test was performed to test this hypothesis. If the alter-
native hypothesis was true and chicken was consumed in higher
amounts than the fly larvae, we were also interested in 3) the amount
of fly larvae consumed and if it is significantly higher than zero. To
test this, we used a one-sided Wilcoxon signed rank test. 4) Next, we
aimed to evaluate the consumption of food over a 24-h period and
how it changes with weight and sex of an individual. To analyze this,
we used multiple linear regression. The dependent variable was the
amount of food consumed (TFC; meat and larval mass combined)
and our explanatory variables were the weight of an individual and
its sex. The weight of the individual was centered (we subtracted
mean weight from every individual weight value) to allow a more
meaningful and intuitive interpretation of the results. Four models
with different levels of complexity were created and compared by
using their Akaike information criterion values with a correction for
small samples (AICc; Hurvich and Tsai 1989). The most complex
model (tod1) represented the TFC as a function of the weight of an
individual in the interaction with the gender of our experimental
animal. The second most complex model (tod2) presumed that the
effect of the gender was additive rather than in an interaction with
the weight. The third and fourth models (tod3 and tod4) disregarded
the gender or weight of the experimental animal altogether and left
only the other factor as the single explanatory variable. The model
with the lowest value of AICc was considered as the best description
of the phenomenon.

Finally, we aimed to 5) investigate the factors responsible for
amount of consumed chicken meat and larvae specifically. We used
mixed effect linear regression. The dependent variable was the weight
of consumed chicken meat or larvae in milligrams. The explanatory
fixed effect variables were the weight of an individual, its sex, and
type of food consumed. As random effect, we used the identity of
experimental animal to deal with the hierarchical structure of the
data. We used centered values of weights as in the previous analysis.
Four models with different levels of complexity were created and
compared by using their AICc. The most complex model (codl) rep-
resented the weight of consumed chicken meat and larvae as a func-
tion of the weight of an individual in the interaction with the gender
of our experimental animal and an additive effect of food type. The
second most complex model (cod2) presumed that the effect of the
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gender was additive rather than in an interaction with the weight.
The third and fourth models (cod3 and cod4) disregarded the gender
or weight of the experimental animal altogether and left only the
other factor and food type as the explanatory variable. The model
with the lowest value of AICc was considered as the best description
of the phenomenon.

The assumption of normality of data was confirmed by visual
evaluation. If the data did not pass this test, the hypothesis was
tested by the nonparametric alternative or we used a distribution
other than Gaussian. Model validation and deviations from its as-
sumptions were done by a visualization of the corresponding re-
sidual plots. The significance level was set at 5%. Data management
and all analyses were carried out using the R statistical program (R
Core Team 2020). Graphical outputs were created using ggplot2 and
sjPlot packages (Wickham 2009, Liidecke 2018).

Results

Food Consumption

In total, we recorded the behavior of 50 adult individuals of
N. brunnicollis (27 females, 23 males). The individuals were highly
variable in their recorded weight, which ranged from 227.5 to
428 mg, with the mean weight 320.7 mg (SD = 58.65 mg). Females
were slightly heavier (mean = 327.78 mg, SD = 54.69 mg) than males
(mean = 314.73 mg, SD = 62.21 mg); however, the difference was
not statistically significant when tested by the two-tailed t-test (t
value = -0.78916, df = 47.94, P = 0.434).

The average amount of food, chicken meat and fly larvae, con-
sumed over a 24-h period was 149.61 + 57.88 mg, which is approx-
imately 46.9 + 17.5% of the body mass of the individual. Chicken
meat was the main component of the diet (112.569 * 47.422 mg), but
the fly larvae were consumed as well (37.042 + 31.886 mg). The dif-
ference between the consumption of chicken meat and fly larvae was
highly significant (¢ value = 9.4691, df = 47, P < 0.001). However, we
found that the consumption of larvae was significantly greater than
zero (Wilcoxon signed rank test; P < 0.001), so the beetles cannot be
considered purely necrophagous. Females were observed to consume
more larvae (42.64 * 31.49 mg) than males (32.27 * 32.03 mg).
This difference was also noticeable when comparing the proportion
of consumed larvae and chicken meat. Larvae represented 25.4%
(£18.9%) of all the food the females consumed, whereas in males,
it was only 20.4% (+8.6%). However, the maximum recorded pro-
portion of larvae consumed was comparable, 57.6% for females and
57.94% for males.

Food Choice

According to the values of AlCc, we found the best model of total
food consumption to be the linear regression with interaction be-
tween weight of the individual and its sex (tod1; see Table 1). Total
food consumption of the experimental individuals regardless of their
sex increased linearly (¢t value = 3.597, P value 0.0007), with their
weight (Fig. 1). The model did not confirm that sex by itself has a
significant positive or negative effect on TFC, although the interac-
tion between sex and weight was significantly different from zero
(t value = -2.203, P = 0.032). As shown in Fig. 1, below average
weight males tend to eat more than below average weight females.
In contrast, females of above average weight consumed more food
than above average males.

To predict the amount of chicken meat and larvae consumed by
adults of N. brunnicollis, we used mixed effect linear regression with
sex and weight of an individual as fixed explanatory variable and
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the identity of the experimental individual as random effect. This
model was proposed based on its value of AlCc and its parsimony
(see Table 2). Males and females did not differ significantly in their
response to offered food choices (t value = -0.183, P = 0.855), and
they both consumed significantly more of chicken meat than fly
larvae (t value = -9.629, P < 0.001). Also, body weight was posi-
tively correlated with increased amount of consumed food of both
types (t value = 2.829, P < 0.001; see Fig. 2).

Discussion

Food Consumption

Despite our limited experimental sample, we observed a significant
difference in diet composition between males and females (see Fig. 3).
Although maggots accounted for 25.4% (+18.9%) of total con-
sumed food mass in females, males consumed about 5% less 20.4%
(£18.6%). This could be caused by a number of reasons including
the sexual size dimorphism that this species is known for (Rizicka
et al. 2015). However, in our samples, we did not observe any sig-
nificant sexual size dimorphism (SSD) to support the hypothesis that
the difference in diet could be explained only by SSD. But we need to
take into account that specimens were raised under laboratory con-
ditions as a second generation and due to suboptimal conditions the
SSD could have been suppressed (as females are more sensitive to the
environmental stress and they respond to it by smaller growth; Teder
and Tammaru 2005). Another possible explanation for the sexually
biased diet composition could be the different requirements of the

females and males due to their different reproductive roles. Although
such a bias is common in many mammals and birds (Zwolak 2018),
in insects it is rarely encountered, known for several blood-feeding
Diptera and some Hymenoptera (Shine 1989, Roswell et al. 2019).

Food Choice

In the case of N. brunnicollis, we were able to confirm that the spe-
cies is a carrion feeder by preference, as chicken flesh represented
approximately 70-75% of the total food intake. However, the re-
maining—considerable—part of its diet in our experiments were fly
maggots. There was a high individual variability among the 50 ex-
perimental beetles in the proportion of maggots consumed: from 13
who fed exclusively on chicken to some individuals (of both sexes) in
which maggots made up to 58% of their food intake.

The high individual variability in the amount of consumed
maggots may indicate that at least some adults of N. brunnicollis
are quite opportunistic in their foraging ecology. This could be
explained by adaptation of the foraging strategy based on the
reproductive stage, actual ecological conditions, or nutritional
values of the food and could be very beneficial because the adults
and larvae share the same niche. Adults could apply the top-down
regulation on competitors to give advantage to their progeny.
Top-down regulation is known to have strong effects on heter-
otrophic food webs, and it can result in lower rates of decom-
position; therefore, the species responsible for regulation gets a
bigger share of the resources (Srivastava et al. 2009). Carrion is
a very competitive environment as it represents a very scarce, but

Table 1. Model comparison describing relationship between total amount of consumed food (regardless of food type) and the weight and
sex of the studied beetle

Model Variables df R P value df residuals Delta AICc
tod1 Weightxsex 5 0.232 0.007 52.36 0.0
tod3 Weight 3 0.150 0.005 53.92 0.2
tod2 Weight+sex 4 0.151 0.022 54.47 0.5
tod4 Sex 3 0.001 0.863 58.46 83

]

200-

100 -

Total food consumption (mg/day)

4100 50 0 50 100
Weight of individual - centered (mg)

Fig. 1. Regression models of changes in total food consumption based on weight and sex of C. brunnicollis. Dots represent consumption of individual animals.
The lines show median, and shaded area shows SE of the model for each sex (dashed line for males, solid line for females). Weight values were centered, so
that zero represents individuals of average weight.
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nutritionally rich niche, which is attractive for a large spectrum
of competitors such as the larvae of Diptera (Schoenly 1991).
Among necrobiont species, a strong top-down regulation effect
was observed in Chrysomya rufifacies (Macquart, 1842) (Diptera:
Calliphoridae) (VanLaerhoven 2010). Therefore, despite limited
evidence for parental care in Silphinae, this would be good evolu-
tionary strategy allowing the coexistence of several competing life
stages of holometabolous insects in one niche.

Sexton beetles use a similar strategy by preferring small ca-
davers that they are able to hide and protect by active removal of
eggs and larvae of Diptera and extensive parental care (Eggert et al.
1998, Sikes 2005). In Silphinae, this topic is not as well studied as in
Nicrophorinae, but records of adults of Necrodes littoralis (Linnaeus,
1758) and Necrodes surinamensis (Fabricius, 1775) (Silpinae)
preying on Diptera are available (Ratcliffe 1972, King et al. 2015).
Moreover, Matuszewski and Madra-Bielewicz (2019, preprint) ob-
served that Nec. littoralis is capable of creating a heat-producing
biofilm from their oral and anal secretion on the surface of the flesh,
which probably accounts for a faster development and lower mor-
tality of their larvae. Therefore, although indirect, there are signs of
cooperation and care about the progeny in Silphinae, and coupled
with our in vitro observation, they may call for attention when clas-
sifying the foraging habits of carrion beetles.

Table 2. Model comparison describing relationship between
amount of consumed food and beetles’ weight, sex, and
consumed food type

Model Variables df R*C Delta AICc
cod2 Weight+sex+food type+ID 6 0.524 0
codl Weightxsex+food type+ID 7 0.504 0
cod4 Sex+food type+ID 5 0.507 19
cod3 Weight+type+ID 5 0.485 3.7

Identity (ID) of beetle was used as random effect. R*C was calculated as
suggested by Nakagawa and Schielzeth (2013).

Female

200~

150 -

Food consumption (mg/day)

0-
400 -50 0 50 100 -100

Furthermore, our results represent the first quantification of the
feeding behavior of N. brunnicollis. Unsurprisingly, they contrast
somewhat with those published by lkeda et al. (2007, 2008), as our
approaches differ in their goals. We tried to place our focal species
on a continuous scale between necrophagy and predatory behavior,
whereas their goal was to place the studied species into discrete
categories. Clearly, we cannot agree that the species is purely ne-
crophagous as an adult; however, we do confirm that necrophagy is
the main foraging mode for nutrient intake in N. brunnicollis.

Another reason why our results differ from those of Ikeda
et al. (2007, 2008) could be due to methodology. They classified
N. brunnicollis as a necrophagous species based on the ratios of
stable carbon and nitrogen isotopes. The authors compared 815N
content of N. brunnicollis with the values obtained from wild-
caught representatives of 4 sexton beetle species (Nicrophorus
tenuipes Lewis, 1887, Nic. maculifrons Kraatz, 1877, Nic.
quadripunctatus Kraatz, 1877, and Nic. investigator Zetterstedt,
1824), which they used as ‘necrophagous standards’ and values
obtained from ground beetles (Coleoptera: Carabidae) as ‘preda-
tory beetle standards’. The authors homogenized the entire body
of the beetles and avoided the use of teneral adults, as those ‘re-
flect only the larval feeding’ strategy. Although they identified
N. brunnicollis as a purely necrophagous species, they were not
able to confirm the predaceous habits of Dendroxena sexcarinata
sexcarinata (Motschulsky, 1861) (Silphidae) (a species which,
along with its congeners, is known to be an arboreal predator of
caterpillars) or the well-known (more or less opportunistic) pre-
dation of fly maggots in Necrodes (Heymons et al. 1928, Ratcliffe
1972, Sustek 1981, Fratczak and Matuszewski 2014, Charabidze
et al. 2016). In fact, Ikeda et al. were not able to identify any
silphids to have their §15N significantly higher than sexton bee-
tles, suggesting that no species examined in that study mainly
feeds on fly maggots on vertebrate carcasses. The reason for the
ambiguous results of the analysis may lie in the selection of the ne-
crophagous standard reference group. Although immature sexton
beetles are indeed obligatorily necrophagous, the adults are well

Male

type

E chicken
E larvae

50 0 50 100

Weight of individual - centered (mg)

Fig. 2. Regression models of changes in weight of consumed chicken meat and fly larvae on weight and sex of C. brunnicollis. The lines show median, and
shaded area shows SE of the model for each food type (solid line for chicken meat, dashed line for fly larvae). Weight values of experimental individuals were

centered, so that zero represents individuals of average weight.
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Fig. 3. Boxplot graph of consumption ration between poultry meat and larvae for females (F) and males (M). Horizontal lines within the boxes indicate median
values; upper and lower boxes indicate the 75th and 25th percentiles, respectively; whiskers indicate the values with the 1.5 interquartile ranges.

known to be occasional predators of fly maggots, and even can-
nibalistic under some circumstances (Sikes 2005, Dekeirsschieter
et al. 2011). Therefore, more accurate reference values for ne-
crophagous species could be obtained by using immature stages
or only the cuticle of adult beetles instead of their entire body.

Forensic Entomology

The understanding of foraging ecology is one of the key stones in un-
veiling a species’ ecological role. Although carrion beetles are being
increasingly considered as valuable markers in forensic entomology,
their foraging ecology remains understudied and to some extent con-
troversial, as the majority of the relevant data come from anecdotal
field observations. The knowledge of feeding strategy can be used by
forensic entomologist to place the species into the right guild as well
as to asses and evaluate the succession patterns observed on bodies.
The results of our experiment support the view of adult specimens of

N. brunnicollis as an necrophagous individuals that are able to oppor-
tunistically hunt other invertebrates. From this, we can assume that its
arrival is not dependent on the presence of fly larvae during the pro-
cess of succession unlike predatory or parasitic species (Lin and Shiao
2013, Zhang et al. 2019). Therefore, its PAI should be correlated only
with the time of death thus giving independent PMI estimation.

Only few species have been investigated extensively using com-
prehensive approaches, as was discussed earlier. Here, we provide
to our knowledge the first standardized laboratory food choice test
targeting the foraging ecology of carrion beetles. This test allows
the quantification of predatory-necrophagous behavior on a scale,
avoiding misleading dichotomies. This methodology can be applied
to other species, and it could provide evidence for more accurate de-
cision making in forensic research.
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To accurately model the food webs, we need to acquire precise data on food ecology of the interacting species.
This allows better understanding of the trophic interactions and for the necrophagous species this information
could be used in medico-legal investigations. For this reason, we recently proposed standardized laboratory
methodology to assess the foraging strategies based on parallel testing of 2 food items (meat, dead larvae)
(Jakubec et al. 2021). The original methodology had 2 shortcomings. It was not suited for testing living larvae,
which could prove predatory behavior of the species. The methodology was also based on parallel experi-
mental design, where the food items are tested together, which could underestimate the maximum consump-
tion of the tested subject for some items.To test if these concerns are valid, we improved original methodology
allowing testing living larvae as well as a new sequential experimental setup, where consumption of each
item is tested individually in a random order, thus theoretically giving an unbiased maximum consumption
estimate. These methodologies were tested head-to-head on 3 forensically relevant species from the genus
Thanatophilus (Thanatophilus micans (Fabricius 1794)(Fabricius 1794), Thanatophilus rugosus (Linnaeus,
1758), and Thanatophilus sinuatus(Fabricius, 1775)). The experiments have confirmed that all 3 species are al-
most strictly necrophagous, although they were capable of predation, despite the presence of preferred food
(meat). The comparison also showed that the sequential design has indeed improved capability to quantify the
maximal consumption of the given food item. Thus, we suggest following this methodology in future studies.

Key words: necrophagy, behavior, Silphinae, forensic entomology, food choice

Introduction

OXFORD

Various necrobiont insects play an essential role in the field of fo-
rensic entomology, e.g, in the estimation of postmortem interval
and other crime-related circumstances (Amendt et al. 2004, Lutz et
al. 2018). According to their dominant foraging strategy, necrobiont
insects are commonly divided into 4 ecological guilds: predators,
necrophages, omnivores, and parasites/parasitoids (VanLaerhoven
2010, Villet 2011). However, the feeding strategies of individual
necrobiont species tend to be more complex and may vary according
to the developmental stage, sex, reproductive cycle, food availability,
or other ecological conditions (Merritt and De Jong 2016, Jakubec
et al. 2021, Qubaiova et al. 2022). For example, red-breasted carrion
beetle Oiceoptoma thoracicum (Linnaeus, 1758) shows significant

food plasticity, but probably only in the adult stage (Heymons and
von Lengerken 1931, Qubaiova et al. 2022). Therefore, complete
understanding of the foraging ecology of each necrobiont species is
a necessary condition for their use in forensic entomology.

The carrion beetles (Silphinae) are a rather small subfamily of
rove beetles (Staphylinidae) that are distributed worldwide and
currently contains 206 valid species (including 17 extinct) (Cai et
al. 2022, Newton 2023). According to the English name we could
assume that all beetles of this family feed on dead animal tissue
(necrophagy), however they exhibit wide range of feeding strategies
such as omnivory, herbivory, or predation (Ratcliffe 1996, Sikes
2008). As already stated, our knowledge of feeding strategies of this
family is mostly based on direct observation of random individuals,
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and quantitative food preferences studies are scarce [see Jakubec et
al. (2021)].

Here, we investigate the foraging ecology of 3 species from the
genus Thanatophilus Leach, 1815, a Holarctic and Afrotropical
genus, which contains 24 described valid species (Newton 2023).
Members of this genus share not only a general appearance but also,
they have a very similar ecology. All known species are supposed to
be generalists, e.g, feeding both on carrion as well as on larvae in
all active stages of development (Mroczkowski 1955, Sustek 1981,
Ratcliffe 1996). Adults are usually attracted to carrions of larger
vertebrates, including humans (Ko¢arek 2003, Dekeirsschieter et
al. 2011). They mostly prefer earlier stages of decomposition, and
first larvae occur in a few days after death (Midgley and Villet
2009a, Matuszewski and Szafatowicz 2013, Ridgeway et al. 2014).
Thanatophilus sinuatus (Fabricius, 1775) has a very wide trans-
Palearctic distribution (e.g., Europe, Asia, and North Africa) and is
very common especially on the European continent (Dekeirsschieter
et al. 2011, Jakubec and Ruzicka 2015, Razicka 2015). This spe-
cies co-occurs often with the second very common European spe-
cies Thanatophilus rugosus (Linnaeus, 1758) (Jakubec et al. 2019).
The last species, Thanatophilus micans (Fabricius, 1794) is the
most common and widespread carrion beetle (Silphinae) in Africa
(Midgley and Villet 2009a, Villet 2011).

All 3 species were already investigated from a forensic con-
text and their developmental biology and morphology is known
(Midgley and Villet 2009a, 2009b, Ridgeway et al. 2014, Novak et
al. 2018, Jakubec et al. 2019, Montoya-Molina et al. 2021a, 2021b,
Qubaiova et al. 2021, 2023). We suppose that according to their
phylogenetic placement (they form a branch at the base of Silphinii
tribe), their primary feeding preferences will be closer to that of the
ancestral stage for the whole tribe (King et al. 2015, Rtzicka et al.
2023). However, there is no literature that would give us any clues
on how these species will differ from each other in terms of feeding
ecology and preferences.

Traditional assessments of necrobiont insects foraging ecology
are frequently based on anecdotal observation without proper ex-
perimental tests and species are placed into arbitrary simplified
categories (see Jakubec et al. 2021). In the case of carrion beetles,
one of the major forensically important groups (Midgley et al.
2010), complex feeding strategies have been observed (Sikes 2008).
Adults of many carrion beetle genera feed both on the dead animal
tissue and the fly larvae, and the proportion of both may vary sig-
nificantly according to the species or sex (Fuller 1934, Jakubec et
al. 2021). Surprisingly, species of the genera Necrodes Leach, 1815,
Necrophila Kirby & Spence, 1828, Thanatophilus and Oiceoptoma
Leach, 1815, which are traditionally considered necrophagous, have
been reported to prefer larvae over carrion as adults (King et al.
2015), while their larvae prefer to feed on the carrion itself and
only occasionally prey on dipteran larvae (Hatch 1927, Heymons
and von Lengerken 1931, Dorsey 1940, Ratcliffe 1972). While the
phylogenetic hypothesis indicates the evolutionary transition from
necrophagy to predatory habits of the adult Silphinae (King et al.
2015), we know little about the differences in feeding strategies be-
tween species or developmental stages and their subsequent suita-
bility for forensic investigations.

Apart from direct field observations, which may, or may not, be
indicative of the actual feeding strategy, there are basically 3 sys-
tematic approaches on how to investigate the diet composition of
an invertebrate: (i) analysis of gut content, either analyze the un-
digested food residue or via metabarcoding of gut content; (ii) via
analysis of stable isotopes, and (iii) by direct laboratory assessment
of consumed food in combination with food choice experiments.
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The first approach may be demanding for financial funds and
laboratory skills and has not yet been applied in Silphinae. Although
it may bring accurate information on the actual composition of a
diet of an individual, it cannot tell anything about the ratios of dif-
ferent pray items or quantity of each food item required for growth
and development.

The second approach, the analysis of stable isotopes, was
performed in a series of studies by Ikeda et al. (2006, 2007, 2008).
The authors tested niche separation (Ikeda et al. 2006) and foraging
strategies of Japanese carrion beetles related to their dispersal
ecology. The results show isotopic differences (e.g., differences in the
ratio of 1*C and “N) among carrion beetles with and without wings.
The disadvantage of stable isotope analysis is that it is strongly de-
pendent on locality as well as establishing an appropriate bench-
mark species for each strategy. This may lead to circular reasoning,
given the benchmarks are not reared under controlled laboratory
conditions [see discussion in Jakubec et al. (2021)].

The third approach, is based on performing experimental labo-
ratory food choice studies. These experiments are the standard for
investigations of the feeding habits of many taxa including ground
beetles, or caterpillars (Singer 2001, Honek et al. 2011, Kulkarni
et al. 2016). They rely on standardized laboratory rearing of larval
and adult insects combined with food choice experiments, to as-
sess quantity and food composition of individual species. One of
the first behavioral studies investigating foraging ecology of silphids
was performed by (Steele 1927) who demonstrated that adults of 4
burying beetles (Silphinae: Nicrophorus Fabricius, 1775) were able
to feed on larvae and preferred them over carrion. This was even
pointed out as a possible strategy to minimize interspecific competi-
tion experienced by their developmental stages. However, this is not
universal for all adult silphids as was shown by Jakubec et al. (2021).
They found that the diet of Necrophila (Calosilpha) brunnicollis
(Kraatz, 1877) is composed mostly of carrion and although fly larvae
are consumed, they play a significantly smaller role in their diet.

While performing food choice tests, the different types of food
can either be offered at one time (e.g., parallel food choice test) or
it can be offered in sequence separated by a starvation period (se-
quential food choice test). Parallel approach is much closer to nat-
ural situations when a carrion beetle usually finds larvae and carrion
at one place and time. The sequential model enables us to assess
whether a given food item is exploited in suboptimal conditions.
Both designs enable us to directly observe individual behavior and
to measure the amount of food consumed or time spent on feeding
in direct relation to the growth and development stage. Although
these experiments are relatively time consuming, they offer a unique
insight into species biology and ecology that is backed with robust
data and can be done with a limited budget.

To assess the food preferences and to quantify the amount of
food consumed by each species, we utilized the methodology of
Jakubec et al. (2021), i.e., food choice testings together with meas-
uring the amount of consumed food, and the evaluation of sequen-
tial versus parallel design. Our methodology enables us to test the in
vitro food preferences of different carrion beetles and to quantify the
relative contribution of all main dietary components (decayed meat,
live or dead fly larvae) in the total food intake of the species.

Materials and Methods

Experimental Animals

The experiment was performed with mature beetles of 3 species
T. sinuatus, T. rugosus, and T. micans. All beetles represent the
second generation of adults bred in laboratory under standardized
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climatic and light conditions and on the same food source which
consisted of chicken liver. Parental generation of the first 2 species
was collected from carrion placed on different habitats in the vi-
cinity of Prague, Czech Republic. Adults of the first generation of
T. micans were collected in eastern Africa (Kenya, Naivasha env.
Crescent Island Game Sanctuary 10. 7. 2020). To control and min-
imize the effect of intrinsic factors on the food choice of our ex-
perimental animals, we used beetles that were of approximately the
same age and were allowed to mate freely. To further equalize the
starting physiological conditions of the animals, they were isolated
and fed ad libitum with chicken breasts for 24 h and then starved
for another 24 h.

Experimental Feeding

To test the food preferences of Thanatophilus species, we choose 3
potential foods: chicken breasts and live or dead blue blowfly larvae
Calliphora vomitoria (Linnaeus, 1758) (Diptera: Calliphoridae).
Living larvae were prevented from feeding by gluing their mouth
parts with a small drop of superglue. Chicken breasts were selected
because they best represent the muscle tissue that is consumed by
necrophagous species. They are also highly uniform in structure
and density, unlike chicken livers which were used during breeding.
Therefore, allowing accurate calculation of food consumption over
a period of time. The blue blowfly larvae were selected as the rep-
resentatives of one of the most abundant necrophagous insects’
families.

The behavioral experiments were conducted in glass Petri dishes
(150 mm diameter, 30 mm height), each containing a sheet of
moistened filter paper. For experiments 2 groups of 50 beetles from
each species were prepared, only for T. micans we used 53 and 52
beetles for parallel and sequential experiment, respectively.

The first group was used for parallel food choice experiment
where all 3 types of food were served in Petri dish at the same time.
The food was arranged randomly in a circle at a distance of 2 cm
from the edge of the Petri dish. This distance allowed beetle to run
freely around the edge of the dish, so the choice of the food had to
be deliberate.

The second group was used for sequential choice experiment.
Each beetle was randomly assigned a starting food type and only
that food type was offered at the time. The setup of the dish was
the same as in the case of parallel experiment, only without 2 other
choices that beetle could explore. The beetles were allowed to feed
for 24-h period followed by 24-h period of starvation. In the second
round they were provided with randomly selected food type other
than the starting one and allowed to feed for another 24 h followed
by 24-h starvation. The same procedure was applied with the last re-
maining food type. The random assignment of the food type was to
eliminate the effect of food order on experimental results.

The experiment was conducted in a climatic chamber under
standardized conditions (24 °C, 75% relative air humidity, and
12/12 photoperiod). At the end of both experiments, beetles and the
remaining food were removed and put into freezer. Freezer-killed
beetles and remaining food were dried in a cabinet dryer for 12 h at
50 °C to achieve a constant dry weight.

Food Consumption

To calculate the actual food consumption, the conversion factor
was estimated from a random sample of 50 pieces of chicken meat
(0.5 g each) and 2 x 50 fly larvae (half of the larvae were killed by
freezing at the beginning of the experiment and used as the dead
larvae food source and the other half of the larvae were used as
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the live food source and killed at the end of the experiment). A wet
mass and constant dry mass, obtained by the identical drying proce-
dure as applied to the experimental adult beetle samples (50 °C until
reaching constant weight) was recorded. We used a Mettler Toledo
AE 240 analytical balance with a weighing accuracy of 0.01 mg. The
net dry weight of consumed food was calculated as the difference
between the dry weight of introduced food and the dry weight of
its remaining food after the experiment (Waldbauer 1964, Soo Hoo
and Fraenkel 1966). The relative consumption was calculated as the
weight of the food consumed over the period of 24 h relative to the
dry weight of the adult beetle (Farrar et al. 1989).

Data Analysis
The collected data were analyzed by single mixed-effect regression
model (LMM) using function Imer from the Rpackage (ImerTest),
which contained data from both experimental setups. The model
residuals were analyzed using DHARMa package (Harting 2019)
and we did not find any significant violation of normality. To limit
the effect of the weight difference between the 3 species on the food
preference, expressed as amount of consumed food as well as to
allow comparison between the 2 experimental setups, we calculated
consumption (C) for each individual species:
com
mj (1)

where m, denotes dry weight of the food consumed by the in-
dividual, while m, denotes the dry weight of that individual. The C
represented our response variable. Explanatory fixed effect factors
were food type, species, and experimental setup, these terms were
allowed to vary independently in order to express their interactions.
Explanatory random effect factor was specimen identity. Posthoc
analysis using Tukey’s contrast with adjusted P values by Bonferroni
method was done to compare difference at the treatment levels
(Rpackage multcomp). Model validation and deviations from its
assumptions were done by a visualization of the corresponding re-
sidual plots. The significance level was set at 5%.

Further we calculated mean proportion of the consumed meat
across parallel experiment for each species, so the values could be
compared not only within our dataset, but also with other species.
We used Kruskal-Wallis rank sum test to find if the proportions
differ between the species and follow-up pairwise Wilcoxon rank
sum test with Bonferroni correction to reveal relationships be-
tween the species. Data management and all analyses were carried
out using the R statistical program (R Core Team 2020). Graphical
outputs were created using ggplot2 and sjPlot packages (Wickham
2009, Liidecke 2020).

Results

In total we tested 52, 50, and 50 individuals of T. micans, T. sinuatus,
and T. rugosus, respectively, in the sequential experiment and 53,
50, and 50 individuals in the parallel experiment. In the sequential
experiment the species differed in their dry body weight (DBW), the
dry weight of biggest species T. micans averaged around 59.63 mg
(SD = 16.98 mg), followed by T. sinuatus (mean = 36.06 mg,
SD = 10.00 mg) and T. rugosus (mean = 30.84 mg, SD = 6. 719 mg)
(Table 1). The size differences were not an issue for our analysis as
we did not compare the net consumption, but calculated the con-
sumption, which is independent to the weight of the individual.

Our results suggest that there was significant bias in consumption
across all species towards the chicken meat, which was preferred
over dead and/or living fly larvae (dead larvae: t value = -13.552,
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P value < 0.001, living larvae: t value = -15.414, P value < 0.001)
across both experiments (Table 2). The chicken meat was consumed
ataverage exceeding 100% of the DBW per day. The consumption
of smaller individuals of T. rugosus and T. sinuatus even exceeded
300% of DBW and 1 individual consumed 366% of its DBW. On
the other end, the lowest consumption observed for all species were
slightly below 60% of their DBW and consumption of any indi-
vidual never reached lower than 56% of their DBW (Fig. 1).

We observed a difference in maximum and minimum consump-
tion for meat between the experimental designs as well. While
the higher values were observed exclusively in sequential design;
low values were observed almost exclusively in parallel design.
These differences were shown to be significant with parallel de-
sign recording on average lower consumption (t value = 3.843, P
value < 0.001) (Table 2).

The LMM analysis of the consumption showed differences be-
tween the species in some treatments (see Table 2). The most no-
table was the difference in consumption of meat between T. micans
and the rest of the species, which was significantly lower for the T.
micans (T. rugosus: t value = 3.804, P value < 0.001, T. sinuatus: t
value = 2.844, P value = 0.005). Subsequent post hoc analysis did
not find significant difference between consumption of meat between
T. sinuatus and T. rugosus (t ratio = 2.303, P value = 0.3411). We
also observed significant differences in consumption of dead larvae

between T. rugosus and T. micans (t ratio = -3.65, P value = 0.03) as
well as T. rugosus and T. sinuatus (t ratio = 4.486, P value = 0.01)
in favor of the T. rugosus in both cases. These differences were
observed only in sequential trial and were not confirmed in parallel
setup (see Table 2, Fig. 2).

The mean proportion of consumed meat at the parallel exper-
iment differed between the species (Kruskal-Wallis rank sum test:
df = 2, chi® = 32.802, P value > 0.001). T. rugosus showed the
highest affinity towards the meat as on average it consumed 94.3%
(SD =11.27, min = 60.68, max = 100%) of meat. T. sinuatus was
the second with mean proportion of meat at the diet of 88.81%
(SD = 14.32, min = 57.41, max = 100%) and the T. micans consumed
the lowest amount of meat in proportion to other 2 food sources,
namely, 82.54% (SD = 7.57, min = 63.57, max = 99.40%). Pairwise
Wilcoxon rank sum test with Bonferroni correction revealed that T.
micans differs from both T. rugosus (P value > 0.001) and T. sinuatus
(P value = 0.005), although we did not find difference between last
the 2 species (P value = 0.2322).

Discussion

According to our results we can conclude that the majority of the
tested individuals of carrion beetles from genus Thanatophilus pre-
ferred chicken meat over fly larvae. Consumption of chicken meat

Table 1. Summary table for average values of the consumption and dry body weight of all 3 species. The numbers in brackets express
standard deviation and number of measured individuals, shown only for the DBW as the value is constant across all other columns

Consumption (mg)

Species Exp. setup Dry body weight (mg) Meat Dead larvae Alive larvae
T. micans Parallel 63.85 (17.57, 53) 60.38 (11.08) 10.60 (5.21) 4.23 (5.72)
T. micans Sequential 59.63 (16.98, 52) 71.74 (5.86) 9.37 (5.37) 6.81 (8.71)
T. rugosus Parallel 32.84 (7.76, 50) 41.06 (12.26) 2.70 (5.8) 2.11 (4.62)
T. rugosus Sequential 30.84 (6.71, 50) 56.61 (18.17) 12.63 (10.51) 6.42 (7.33)
T. sinuatus Parallel 34.34 (9.76, 50) 40.05 (10.93) 4.39 (7.95) 4.16 (5.18)
T. sinuatus Sequential 36.06 (10.00, 50) 57.45 (15.93) 4.11 (5.09) 8.18 (10.92)

Table 2. Estimated parameters of LMM, their standard errors, degrees of freedom, and test statics for the consumption. Intercept of the
model is set to represent the consumption of chicken meat by T. micans as measured with parallel experimental design. Parameters that
seemed to have significant effect on the consumption are highlighted in bold

Parameter Estimate Std. error df t value P value
Intercept 1.04740 0.04582 895.873 22.857 <0.001
Living larvae -0.98628 0.06399 598.000 -15.414 <0.001
Dead larvae -0.86717 0.06399 598.000 -13.552 <0.001
T. rugosus 0.25017 0.06577 895.873 3.804 <0.001
T. sinuatus 0.18707 0.06577 895.873 2.844 0.005
Experiment 0.25024 0.06511 895.873 3.843 <0.001
Living larvae: T. rugosus -0.23774 0.09184 598.000 -2.589 0.010
Dead larvae: T. rugosus -0.35839 0.09184 598.000 -3.902 <0.001
Living larvae: T. sinuatus -0.12798 0.09184 598.000 -1.394 0.164
Dead larvae: T. sinuatus -0.25521 0.09184 598.000 -2.779 0.005
Living larvae: Sequential exp. -0.18924 0.09092 598.000 -2.081 0.038
Dead larvae: Sequential exp. -0.26202 0.09092 598.000 -2.882 0.004
T. rugosus: Sequential exp. 0.33112 0.09323 895.873 3.552 <0.001
T. sinuatus: Sequential exp. 0.23998 0.09323 895.873 2.574 0.01
Living larvae: T. rugosus: Sequential exp. -0.26222 0.13018 598.000 -2.014 0.04
Dead larvae: T. rugosus: Sequential exp. 0.01825 0.13018 598.000 0.140 0.889
Living larvae: T. sinuatus: Sequential exp. -0.19790 0.13018 598.000 -1.520 0.129
Dead larvae: T. sinuatus: Sequential exp. -0.23000 0.13018 598.000 -1.767 0.07
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Fig. 2. Predicted values of the parameters from the LMM model across different species. Black and grey dots and whiskers represent parallel and sequential

experiments, respectively.

ranged from 94.3% in T. rugosus to 82.54% in T. micans; while
T. sinuatus consumed 88.81% of meat. However at least some
beetles in each species were able to kill or consume blowfly larvae.
If we compare these results with our previous study on Necrophila
(Calosilpha) brunnicollis (Jakubec et al. 2021) under similar
conditions, N. brunnicollis was shown to be more predaceous and
consumed larger amounts of dead or alive larvae. Almost every
beetle consumed some blowfly larvae in the experiment. In the cur-
rent study we observed a higher proportion of beetles, which did
not consume any larvae (dead or alive) at all (Fig. 1), which could
indicate high specialization of the adults to feed on carrion meat
especially if it is devoid of skin, fur or feathers. Alternatively, the
beetles might be limited by their smaller size compared to the offered
prey subjects (third larval instar of C. vomitoria). However, given the
beetles are active on cadavers during early and advanced stages of
decomposition, the third stage larvae of blowflies are the most likely
prey they encounter during that period (Matuszewski et al. 2008), at
least the European species. The prey-predator size ratio may play a
role, as fly larvae predation was more frequent in the largest species
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(T. micans), especially in comparison with T. rugosus (Fig. 1), which
is significantly smaller in size. This could suggest that the T. micans
size advantage could affects its ability to handle the prey faster, thus
allowing more efficient predation.

We did not observe any difference in consumption of meat be-
tween European Thanatophilus species (Fig. 1). This might be
interesting, as diversification of feeding habits between both sym-
patric species would be expected in order to avoid competition
as adults of both species are often observed syntopically in open
fields (Kocarek 2003, Matuszewski et al. 2013). Both species also
have diurnal activity and occur mainly during spring and summer
(Dekeirsschieter et al. 2011). The ecological niche separation of both
species is therefore still unclear, however at least some studies indi-
cate, that there might be a difference in habitat choice. According
to Fratczak-tagiewska and Matuszewski (2018), T. sinuatus prefers
open fields while T. rugosus prefers forests (Fratczak-Lagiewska and
Matuszewski 2018). This might also be a consequence of slightly
different developmental biology as T. rugosus is a more cold adapted
species (Montoya-Molina et al. 2021b, 2021a).
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T. micans is most widespread carrion beetle occurring in Africa
and can be found from South Africa to the Ivory Coast at the west
and Middle East at the north-east (GBIF.Org User 2023). The spe-
cies is known for its ability locate and colonize carrion in hours
after death (Midgley and Villet 2009a). Based on our rearing expe-
rience, T. micans has probably a year-round activity, as we did not
notice any kind of diapause or estivation behavior under labora-
tory conditions. We suppose that the size difference (compared to T.
rugosus) results in higher preference for larvae, as larger beetles have
more power and bigger mandibles (Table 1).

We found differences between parallel and sequential design in
the amount of food consumed at each of the experiment, however
contrary to our prior expectations, the overall pattern of prefer-
ence stayed the same (Fig. 2). The most preferred food item was
meat, followed by dead larvae, and the least preyed upon were
living larvae across all 3 species. Both types of approach are ec-
ologically relevant, because in natural conditions carrion beetles
can find situations resembling the sequential design (when they ap-
proach fresh carcass without fly larvae), or they can find a mass
of larvae in the end of active decay stage of carcass. Although the
most common scenario would probably be parallel occurrence of
decaying tissue and larvae at the same time (equaling the parallel
model).

Therefore, we recommend parallel experimental design in
place of previously suggested laboratory methodology (Jakubec et
al. 2021), when the goal is to uncover the food preference among
differed food items. Also, it offers several other key advantages,
including reduced time requirements for execution and decreased
labor intensity compared to sequential design. The only downside of
parallel design is that it is not able to precisely quantify the maximal
consumption of each food item. If that is your priority, then you
should consider the sequential methodology provided here.

According to our results, most of the tested beetles consumed all
types of offered food, even if they were provided enough meat they
tried to kill and eat fly larvae (Fig. 1). This indicates, that carrion
beetles retain a certain plasticity in their food behavior. This can help
them to find enough food in different condition and different stages
of decomposition. Another reason explaining fly larvae consumption
can be competition—beetles killing their competitors to protect the
main food source (meat).

In our study, we did not find any difference between preference
for dead or alive larvae. The same pattern was observed over both
designs, therefore we do not think that this might have affected the
results, although it is possible evaluating a larger sample size could
show some significant differences.

The genus Thanatophilus is currently considered as monophy-
letic (Razicka et al. 2023), although we are lacking any specific
phylogenetic study that would target and cover substantial portion
the taxa of this genus. Despite these gaps in our understanding of
the phylogeny, our results show broadly similar preferences in all
studied species, although T. micans consumed a lower proportion
of meat compared to the other 2 species. This support general con-
clusion that larger species consume less food per unit of weight than
smaller species (Gillooly et al. 2001). Further when compared with
another silphid species, Necrophila (Calosilpha) brunnicollis and its
food ecology (Jakubec et al. 2021), we can see a similar food pref-
erence pattern. In N. brunnicollis, consumption of meat was on av-
erage 75%, while the values for Thanatophilus species in our study
ranged between 82.5% and 94.3%. Apart from phylogeny there are
many other factors such as ecological history or underlying biology
of the species, that might have played a role in the origin of foraging
plasticity we observed. More work will be required to evaluate the
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degree to which phylogeny or other factors play a role in the varia-
tion of food ecology between these species.

The use of chicken meat as a food source for Thanatophilus spe-
cies was based on our previous study (Jakubec et al. 2021), as we
aimed at the comparability between them. This meat is often utilized
in other forensic studies for breeding or attracting necrophagous
species (beetle and flies) (Byrd and Tomberlin, 2019). However, some
studies point out that compared to other food sources this has often
negative effect on survival or developmental rate of the larvae of
necrophagous beetles (Qubaiova etal. 2021, 2022, 2023). The use
of fly larvae as a prey for Thanatophilus species was based on ev-
idence pointing towards improved rearing success in silphids (Byrd
and Tomberlin, 2019). We used the last instar larvae of C. vomitoria
as it represents the relatively longest living stage and is less prone to
succumb to environmental stress such as desiccation. The choice of
species of flies was limited to those which are commercially bred.
We believe this specific choice does not affect the general results, al-
though we encourage further research in this direction.

Our experiment has shown that all 3 species are almost strictly
necrophagous as adults, thus they are strongly associated with the
carrions of vertebrates. However, all of them are capable of preda-
tion on larvae, and actively consume them even in the presence of
their preferred food source (meat). The comparison of standardized
parallel methodology for evaluation of foraging strategies of
necrophagous beetles [see (Jakubec et al. (2021)] with improved se-
quential design showed that the latter has an improved capability
to quantify the maximal consumption of the given food item. Thus,
we suggest to follow this methodology in future research in foraging
ecology of necrophagous beetles.
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Zaver

V prubéhu feSeni disertani prace jsme navrhli a experimentalné ovéfili metodiky
vhodné pro studium a testovani potravni ekologie nekrobiotnich druht hmyzu
at' uz pfimo v terénu, ale také v laboratornim prostiedi, kde se daji pomérné
snadno, rychle a levné testovat potravni preference rlznych druhd nejenom

nekrobiontniho hmyzu.

V naSich podminkach byly podobné studie s manipulovanim sukcese a vlivem
téchto manipulaci na prabéh rozkladu a slozeni spole€enstva hmyzu provadény
zcela vyjimecné. Pouze Sladecek et al. (2021) provadél obdobné experimenty,

ale zaméfil se na trus velkych bylozZravcu.

Pomoci téchto terénnich experimentu jsme ukazali, Ze pokud je kadaver hlodavce
z jakéhokoliv ddvodu na tfi nebo vice dni nepfistupny hmyzu, dojde ke zméné
smeéru vyvoje celého spoleCenstva a rozklad bude probihat odliSnym zpusobem.
Nejvétsi negativni vliv ma toto znepfistupnéni zejména na €asné se objevujici
dominantni skupiny nekrobiontniho hmyzu, jako jsou larvy bzucivek a hrobafici.
Nicméné hrobarici pomérné ochotné kolonizuji i mrSinu tfi dny starou. Zpozdény
zaCatek kolonizace kadaveru hmyzem vede naopak Kk vySSimu vyskytu
konkurencné slabsich skupin hmyzu. Velky vliv na rozklad a slozeni spoleCenstev
hmyzu ma nejenom velikost, kdy vétsi mrSiny hosti vétsi diverzitu i abundanci
jedincu, ale i sezonalita. Vliv sezény byl velmi patrny na schopnosti hrobafiku
monopolizovat kadavery mysSi, kdy vétSinu mrSin monopolizovali v jarnich
mésicich.

PFi behavioralnim testovani potravnich preferenci vybranych druht mrchozroutl
jsme dospéli k zavéru, ze potravni guildy nekrofagnich broukl predstavuiji
spiSe kontinuum nez diskrétni jednotky a nejsou tedy jednoduse klasifikovatelné.
Nelze tedy automaticky predpokladat, ze druhy, které jsou na zakladé starSi
literatury povazovany za striktné nekrofagni se zivi pouze rozkladajici se tkani
kadaveru. Z naSich experimentl je zfejmé, ze i tyto druhy jsou schopny
se za urCitych podminek chovat dravé. S nejvétsi pravdépodobnosti nepohrdnou
ani jinou vhodnou potravou. Vysvétleni tohoto chovani mize lezet v potravnim

oportunismu, alternativnich potravnich strategiich v pfipadé nedostatku potravy
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nebo jako zpuUsob, jak potladit konkurenci na bohatém zdroji potravy. Podobny
vzorec chovani je znam i u larev masarek, kdy se u nékterych druhl predpoklada
dravé chovani prvnich instarl larev (Pape, 1987; Richet et al., 2011). Znacny vliv
na potravni preference, bude mit také velikost daného mrchoZzrouta, jelikoz vétsi

druhy se pravdépodobnéji budou chovat dravéji nez druhy malé.

Experimenty zaméfené na testovani potravnich preferenci jedincl poskytuji
potravnich preferenci mohou byt s drobnymi Upravami pouzity i na jiné druhy.
Napfiklad na dravé &i herbivorni druhy hmyzu, které mohou vykazovat preference
k urcitému druhu potravy nebo je mozné testovat mnozstvi jimi zkonzumované

potravy za dvacet Ctyfi hodin.
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