Jiho&eska univerzita v Ceskych Bud&jovicich

Piirodovédecka fakulta

Jak velikost habitatu ovlivituje spolecenstvo koprofilniho
hmyzu?

Diplomova prace

Bc. Tomas Zitek
Skolitel: RNDr. Frantisek Xaver Jifi Sladecek
Ceské Budgjovice 2016



Zitek, T. 2016: Jak velikost habitatu ovliviiuje spolecenstvo koprofilniho hmyzu? [How does
the habitat size affect the coprophilous insect community? Mgr. thesis, in Czech and English]
— 46.p, Faculty of Science, The University of South Bohemia, Ceské Budé¢jovice, Czech
Republic.

Anotace:

The effect of dung pat size on structure of dung inhabiting insect community was studied in
Central Europe. Specifically all insect inhabiting the dung pat was targeted including both
beetle and fly families. Abundance and species richness were positively correlated with
increasing habitat volume. Density was negatively correlated with habitat size which
represents low density refugee effect. Temporally co-occurring species which utilize the

resource in similar way were separated by preferences for different habitat volumes.

Prohlasuji, ze svoji diplomovou préci jsem vypracoval samostatné pouze s pouZzitim pramenil
a literatury uvedenych v seznamu citované literatury.

ProhlaSuji, ze v souladu s § 47b zakona €. 111/1998 Sb. v platném znéni souhlasim se
zvetejnénim své diplomové prace, a to v nezkracené podobé elektronickou cestou ve vetejné
pristupné &asti databaze STAG provozované JihoGeskou univerzitou v Ceskych Budg&jovicich
na jejich internetovych strankéch, a to se zachovanim mého autorského prava k odevzdanému
textu této kvalifikacni prace. Souhlasim dale s tim, aby toutéZ elektronickou cestou byly
v souladu s uvedenym ustanovenim zdkona ¢. 111/1998 Sb. zvetejnény posudky Skolitele
a oponentll prace i zaznam o priub&hu a vysledku obhajoby kvalifikacni prace. Rovnéz
souhlasim s porovnanim textu mé kvalifikacni prace s databézi kvalifikacnich praci Theses.cz

provozovanou Narodnim registrem vysokoSkolskych kvalifika¢nich praci a systémem na

odhalovani plagiata.

V Ceskych Budgjovicich dne

Tomas Zitek



Podékovani

Réd bych timto pod€koval svému Skoliteli Frantisku Sladeckovi za vedeni prace, pomoc pfi
terénnich pracich a cenné informace, které vedly ke koneénému sepsani této prace. Dale
dekuji vsem, kdo poskytli jakékoliv podnétné informace. Velké podékovani patii mé rodiné,
za podporu pii mych dlouholetych studiich. Specialni podékovani patii Georgovi Lucasovi za

jeho celozivotni dilo.



Obsah

. Uvod

Déleni koprofilniho spolecenstva
2.1. Saprofagové
2.2. Omnivorti

2.3. Predatofi

. Kompetice ve spolecenstvech koprofilniho hmyzu

Casové charakteristiky habitatu
4.1. Sezonalita

4.2. Sukcese

. Prostorové charakteristiky

5.1. Velikost habitatu

5.2. Stratifikace potravniho zdroje

6. Kovalitativni charakteristiky
6.1. Druh habitatu
7. Shrnuti

8. Seznam pouzité literatury

II.
III.
IV.

VL
VIL

VIIL

IX.

XL

Manuscript

Abstract

Introduction

Material and methods
Analyses

Results

Discussion
Conclusion
Acknowledgments
References

Appendices

O O O N O & A A WD D -

AW W W W N N e e e e e e e
[\S 2NN TN N B S I N NI N o) U e ) W S T e N )



1. Uvod

Souziti mnoha druhti Zivocichil v obzvlasteé bohatych spolecenstvech jakymi jsou naptiklad
tropické pralesy, je jiz dlouhou dobu studovanym a stdle nedostatecné vyjasnénym
fenoménem. Pravdépodobné nejstudovanéjsim modelovym typem spoleCenstev v otdzce
koexistence druhii jsou rostlinna spolecenstva (Kraft et al. 2015;Maire et al. 2012; Silvertown
2004). Tyto ve vétsing piipadi prostorove rozlehla a dlouhotrvajici spolecenstva, podléhajici
autotrofni sukcesi, vedou ve vétsing ptipadi ke klimaxovému stadiu (Begon et al., 2006)
a jsou pro potieby vyzkumu velice té¢Zce opakovatelné. Alternativni ndhradou, v oblasti studii
koexistence druhii jsou malé, kratkodobé ekosystémy podlé€hajici heterotrofni sukcesi, ktera
vede ke zmizeni ptivodniho habitatu (Hanski and Cambefort, 1991). Takovymi ekosystémy
jsou praveé efemérni habitaty (Finn, 2001).

Efemerni habitaty jako vykaly, mrSiny ¢i rozkladajici se houby a ovoce jsou v prostoru
nahodné distribuované, casov€ nestabilni a nutriéné¢ hodnotné habitaty (Finn, 2001). Jednim
z takovychto habitatii, ktery se vyznacuje vysokymi pocty jedincti a zna¢nou druhovou
bohatosti je pravé trus. V temperatnich oblastech dosahuji koprofilni spole¢enstva obyvajici
jediny habitat k n¢kolika stovkdm jedinct a n€kolika desitkdm druhti (Sladecek et al., 2013).
V tropickych oblastech pak dokaze jediny habitat nalakat i nékolik tisic jedincli o vice nez
100 druzich (Anderson and Coe, 1974; Scholtz et al., 2009). Pti takto vysokych poctech
jedincti a druhti, obyvajicich ¢asové i prostorové velmi limitovany habitat, nepochybné
dochézi k vysokému kompeti¢nimu tlaku (Scholtz et al., 2009).Souziti téchto druhli proto
musi byt zajiSténo mechanismy pro sniZeni potencialni kompetice (Beaver, 1977). Tato
separace je Casto odvijena od pocetnych charakteristik druhti ¢i prostfedi, které tyto druhy
obyvaji (Finn and Giller, 2000; Schoener, 1974), a napomaha tak koexistenci druhii v téchto
druhové bohatych a vysoce abundantnich spolecenstvech. Cilem této prace je shrnout tyto
charakteristiky, dle kterych dochazi k rozdéleni spolecenstva a tim ke zvySeni schopnosti
koexistence vysokého poctu druhli v jediném habitatu. V druhé ¢asti (vlastni prace ve formée
manuskriptu pro odborny Casopis) experimentalné provétit vliv jedné z téchto charakteristik
na sloZeni koprofilniho spolecenstva. Touto sledovanou proménou charakteristikou je velikost

habitatu.



2. Déleni koprofilniho spolecenstva

Koprofilni spolecenstvo obsahuje fadu riznych taxonomickych a ekologickych skupin, jako
jsou napiiklad houby (Fungi), hlistice (Nematoda), rozto¢i (Acari) a samoziejm¢ spousty
hmyzu (Insecta) (Bernon, 1981; Hanski and Cambefort, 1991; Richardson, 1972).
Nejoblibenéjsi skupinou, co se poctu praci tyce, je pravé hmyz a proto se jim budeme
v nasledujicim  textu zabyvat. NejpocetnéjSimi  skupinami hmyzu v koprofilnich
spolecenstvech jsou brouci (Coleoptera) a dvoukiidli (Diptera). Oba tyto taxony se daji
rozdélit na tfi zdkladni funkéni skupiny, kterymi jsou saprofdgové, omnivofi a predatofi. Tyto
skupiny se daji dale délit dle ekologie larvalnich a adultnich stadii, na nékolik podskupin

(ekologickych guild).
2.1. Saprofagové

Saprofagové v koprofilnim spoleenstvu jsou druhy, u kterych se dospélec i1 larva zivi
rozkladajici se hmotou. Dospélci se vzdy Zivi na trusu, tj. jsou koprofagni a larvy se zivi bud’
na trusu, nebo na jiném rozkladajicim se zdroji, tj. jsou saprofagni. Jelikoz je koprofagie
specializovanou formou saprofagie (Hanski and Cambefort, 1991), tak budeme celou tuto
skupinu nazyvat saprofagové. Koprofagie dospélct je umoznéna modifikaci ustniho ustroji,
které funguje jako filtracni a slouzi k filtrovani malych castecek z trusu, jako jsou bakterie Ci
epitelarni bunky ze stény stfeva producenta trusu (Hata and Edmonds, 1983; Miller, 1961).
Skupinu saprofagti nadale rozdélime dle mista vyvoje larvy na dvé podskupiny a to relokatory
(,,relocators®) a obyvace (,,dwellers®).

Relokatofi jsou druhy, jejichz larva prodélava vyvoj mimo potravni zdroj (Halffter and
Edmonds, 1982). Podle toho kde tento vyvoj probihd, mizeme dale rozdélit relokatory na tii
skupiny a to na $tolafe (,,tunnellers®), generalisty (,,generalists) a valede (,,rollers®). Stolafi
hloubi nory pfimo pod potravnim zdrojem. Do té€chto nor je transportovan trus, ktery je
nasledné vyuzivan dvojim zpisobem; 1) bud’ jako vyZiva pro dospélce, v obdobi vyZirani
dospélych jedinci, které musi prob&hnout pro dokonceni vyvoje pohlavnich organii (vyZziraci
faze) (Halffter and Edmonds, 1982), 2) nebo jako vyziva pro larvy, které cely sviij vyvoj
prodélavaji v téchto norach. V temperiatu do této skupiny patii naptiklad druhy rodu
Onthophagus, Aphodius erraticus (Halffter and Edmonds, 1982; Rojewski, 1983), nebo
Coprislunaris. V tropech jsou to ¢asto i velké druhy, napt. rodt Heliocopris a Phaneus
(Hanski and Cambefort, 1991; Horgan, 2005; Krell et al., 2003). Druhou skupinou jsou valeci,

ktefi z potravniho zdroje vytvofi sféricky objekt a nasledn€ ho transportuji pry¢ od potravniho



zdroje (Halffter and Edmonds, 1982). Tento objet mize ¢i nemusi byt nasledovné zahraban do
podzemni nory. Odkutdleny materidl je vyuzivan opét bud’ jako potrava pro dospélce, Ci
slouzi jako potrava pro vyvoj larvy. Mezi takovéto druhy patii napf. malé druhy rodu
Sisyphus, jehoz zastupce je soucasti 1 temperatni koprofauny (Sisyphus shafferi) nebo velké
druhy, napt. z rod Gymmnopleurus a Scarabaeus, vyskytujici se ptevazné v tropickém
a subtropickém pasu (Hanski and Cambefort, 1991; Krell et al., 2003). Tteti skupinou jsou
generalisté, jejichz larva se vyviji v jiném rozkladajicim se zdroji. Mezi tyto druhy patii jak
zastupci fadu Coleoptera (napt. Aphodius prodromus), kteti se vyviji naptiklad v tlejicim listi
(Gittings and Giller, 1997), tak 1 zastupci fadu Diptera (napt. Lucillia caesar), jejichz vyvoj
probiha také naptiklad v tlejicich rostlinnych zbytcich ¢i v mrSinach (Erzinclioglu, 1996;
Gregor et al., 2002).

Obyvaci jsou druhy, jejichz larva prodélava cely vyvoj €i jeho podstatnou ¢ast uvnitt
potravniho zdroje. Mezi druhy, které prodélavaji cely vyvoj v potravnim zdroji, patii
v temperatni oblasti vétSina druhti rodu Aphodius (napt. Aphodius fossor, A. haemorrhoidalis)
(Vitner, 1998) ¢i nékteré tropické druhy rodu Oniticellus (O. formosus, O. planatus) (Davis,
1989). V druhém ptipadé prodé€lavaji larvy sviij brzky vyvoj v pudé blizko potravniho zdroje
(napt. Aphodius rufus) nebo na pomezi pidy a potravniho zdroje (Oniticellus egregius)
(Davis, 1989). Mimo Scarabacidae patii mezi obyvace také podceled Oxytelinae
(Staphylinidae), a znacna ¢ast exkrementy obyvajicich zastupci dvoukiidlych (napt. Musca
autumnalis) (Gregor et al., 2002). Larvy tohoto fddu maji stejné jako dospéli brouci Ustni
ustroji pfizpisobené na mikrofagii (Dowding, 1967). Pravdépodobnég, jako néktefi jini
zastupci dvoukiidlych vyuzivajicich mrSiny, nejprve mimotélné natravi potravu enzymy, které
vpoustéji z st a nasledné poziraji tuto tekutou, natravenou hmotu a sekundarné ji travi uvnitf

téla (Skidmore, 1985).
2.2. Omnivori

Omnivoii koprofilniho spoleCenstva jsou druhy, u kterych dochazi ke zméné potravni
strategie mezi larvou a dospélcem. Ve vétSin€ piipadi je dospélec koprofagni (Hydrophilidae:
Sphaeridium, Cercyon) s Gistnim Ustrojim pfizpisobenym k mikromagii (Holter, 2004) a larva
je dravd (Sowig, 1997). V piipad¢ dvoukiidlych jsou larvy bud striktni predatofi
(Mesembrina meridiana) (Dickson et al., 2012), nebo jsou po vétS§inu vyvoje saprofagni,
nicméné nemohou dokoncit svlij vyvoj bez zivé potravy (Dickson et al., 2012; Skidmore,

1985). Mezi omnivory dale fadime 1 druhy u kterych je naopak dospélec predator a larva



striktné saprofagni, napiiklad druhy rodu Scathophaga (Scatophaga stercoraria)
(Blanckenhorn et al., 2010).

2.3. Predatori

Predatoti koprofilniho spolecenstva ptedstavuji druhy, které ve vSech svych stadiich lovi
zivou koftist. Mezi predatory se fadi predevsim cCeledi Staphylinidae a Histeridae. Ob¢ tyto
skupiny jsou, diky variabilit¢ ve velikosti, schopny lovit nejriznéjsi kotist od vajicek
dvoukitidlych pies roztoce, rizné larvy az po velké brouky ¢astecné presahujici jejich velikost
(Fincher, 1995). Striktni predatofi se vyskytuji také u dvoukiidlych (Empoididae,
Dolichopodidae) (Cumming and Cooper, 1993; Hulcr et al., 2005).

3. Kompetice ve spolecenstvech koprofilniho hmyzu

Vysoky kompeti¢ni tlak je v koprofilnich spolecenstvech zplisoben pfedev§im prostorovou
a Casovou limitaci zdroje a zarovenn vysokou abundanci a druhovou bohatosti (Finn and
Gittings, 2003). Nejvétsi troven kompetice je pozorovana predevsim v tropickych oblastech.
Pravé zde se vyskytuje nejveétsi mnozstvi extrémné specializovanych koprofagnich brouki,
kteti dokazi 1 velké potravni zdroje (10 az 15 kg) rozebrat do né€kolika hodin (Hanski and
Cambefort, 1991). Doube (1990) klasifikoval jihoafrické koprofagni brouky (Scarabaeinae),
dle kompeticni schopnosti zahrnutych jedincl. Jako nejvice konkurence schopné druhy
oznacil velké zastupce z guildy vale¢l a Stolatti(Doube, 1990). Vaileni je adaptaci k co
nejrychlejsi transportaci trusu pry¢ od jeho ptiivodniho zdroje a tim od ostatnich kompetitort
(Krell et al., 2003). U Stolaii je takovou adaptaci naopak rychlé zahrabavani potravniho
zdroje a tim jeho odstranéni z dosahu kompetitorti (Horgan and Fuentes, 2005). N&které druhy
(Heliocopris) dokonce zvladaji monopolizovat i velké potravni zdroje (Giller and Doube,
1994), kdy jedinci ptekryji cely potravni zdroj zeminou a tim zamezi Sifeni pachovych castic,
které lakaji ostatni kompetitory (Doube, 1991). Obyvacéi (Scarabaeidae, Oxytelinae)
a omnivofi tropickych spoleCenstev jsou, v porovnani s dvéma vysSe zminénymi skupinami,
kompeticné velice slabymi gildami v tropech Casto specializovanymi na staré¢, nekvalitni a pro
ostatni brouky nevyuzitelné zdroje (Davis, 1996; Huerta et al., 2003). Obecné se da fici, Ze
kompetice v tropickych spoleCenstvech se odehravd predevSim mezi dospélymi stadii
koprofagnich broukii, a to predev§im diky ekologickym adaptacim velkych, zdroj rychle

zpracovavajicich druht (Finn and Gittings, 2003).



Jina situace je v temperatnich oblastech, kde jsou koprofilni spolecenstva ochuzena
o tyto velké, kompeticné silné a trus rychle zpracovavajici druhy. Misto téchto druht, je
temperatni spolecenstvo slozené pievazné z malych a nékolika stfednich druhii obyvact
(Aphodinae, Oxytelinae), omnivort (Hydrophilidae) a dvoukiidlych. U téchto druhii jak
dospélci (vyjma dvoukiidlych), tak larvy ziji pfimo v potravnim zdroji a vyskytuji se Casto ve
velkych abundancich (stovky jedinct) (Bernon, 1981; Hanski and Cambefort, 1991). Praveé
tyto vysoké abundance druht, ktefi ziji pfimo v ¢asové a prostorové velmi omezeném habitatu
ptedevsim v piipadech jejich masového vyskytu (Hanski and Cambefort, 1991; Hirschberger
and Degro, 1996), kdy jsou stovky jedincii schopni znehodnotit potravni zdroj natolik, ze
nasledny vyvoj larev jak dvoukiidlych, tak broukt jiz neni mozny. Ackoliv masové vyskyty
nékterych druhli jsou pomérné cCasté, stale nejsou jasné presné podminky, za kterych tyto
stavy nastavaji (Finn and Gittings, 2003). VétSina praci zabyvajicich se temperatnimi
spoleCenstvy nicméné uvazuje vysokou kompetici spiSe mezi larvalnimi stadii (Finn and
Gittings, 2003), avSak vétSina dosavadnich studii se zabyvala pouze vnitrodruhovou
kompetici (Landin, 1961). Experimentalni studie u rGznych druh obyvaci rodu Aphodius
prokazaly, Ze schopnost larev dokonCit svilj vyvoj je negativné zavisld na denzitné (pocet
jedincli na jednotku objemu zdroje) (Gittings, 1994). Negativné zavisly na denzitné je dale
také pocet nakladenych vajec samici za den (Holter, 1979), velikost tietich instarti (Gittings,
zvySeni poctu jedincii, ktefi emigruji z daného habitatu pry¢ (Finn and Giller, 2000).
V zévislosti na mnohych dikazech vnitrodruhové kompetice (Finn and Gittings, 2003) se
predpoklada, ze je zde 1 velky potencial pro kompetici mezidruhovou. Obzvlasté pii
soucasném vyskytu druhd, které vyuzivaji habitat stejnym zplisobem. Mezidruhova kompetice
byla pfimo pozorovana mezi brouky a dvoukiidlymi, kdy ovipozi¢ni chovéani druhu Aphodius
ater zaviselo na pocetnosti saprofagnich larev druhu Scatophaga stercoraria (Hirschberger
and Degro, 1996). Kromé obyvact se v temperatnich spolecenstvech vyskytuji také zastupci
z gildy Stolaii, napf. obCasné pocetni jedinci rodu Onthophagus, nebo zastupci celedi
Geotrupidae (Hanski and Cambefort, 1991). Ti jsou vSak v larvalni kompetici od obyvact
separovani tim, Ze se jejich potomstvo vyviji mimo potravni zdroj a na rozdil od svych
tropickych pifibuznych nejsou schopni transportovat tak velké mnozstvi materialu, pokud se

nejedna o pripad jejich masového vyskytu.



Ackoliv se v koprofilnich spolecenstvech vyskytuje potencialné silnd kompetice (Finn
and Gittings, 2003), jsou lokalni spoleCenstva stdle vysoce abundantni a druhové bohata
(Sladecek et al., 2013; Anderson and Coe, 1974). Proto se da ptredpokladat, ze v téchto
spole€enstvech funguji jisté mechanismy, které tuto kompetici znaéné snizuji (Beaver, 1977).
tak, aby se potencidlni kompetitofi ve spolecenstvu potkavali prostoroveé a ¢asoveé co nejméne,
nebo vyuzivaly jiny habitat ¢i potravni zdroj (Schoener, 1974; Silwertown, 2004). V ramci
lokalnich spoleGenstev, rozdélit do tii &asti (Finn and Gittings, 2003): 1) Casové
charakteristiky, které predstavuji sezonalitu, staii potravniho zdroje a denni aktivitu druhti; 2)
Prostorové charakteristiky zahrnujici velikost habitatu a rozdilné c¢asti habitatu; 3)
Kvalitativni charakteristiky, které zahrnuji typ habitatu (druh zvifete, které habitatu
vyprodukovalo), nebo velikost Castic, které jsou riizné druhy koprofilniho hmyzu schopny
poztit. Témito charakteristikami se budeme v nasledujicim textu zabyvat. Pokusime se
shrnout jejich vliv na strukturu spolecenstev, a to predevsim na gildové trovni tropickych
a temperatnich spolecenstev.

Nékteré studie (Finn et al., 1998; Finn and Gittings, 2003; Gittings, 1994) zahrnuji
i charakteristiky, které se tykaji vétSich geografickych oblasti, jako napt. nadmoiska vyska
nebo typ ekosystému, ve kterém se efemérni habitaty nachdzeji. Nicméng, tyto charakteristiky
maji vliv spiSe na sloZeni spoleCenstva vétsich geografickych oblasti (Kraft ez al., 2015), napf.
sloZeni celého koprofilniho spoleCenstva Jizni Afriky. V lokdlnim méfitku jsou prakticky
nemnéné a nemaji takovy vliv na strukturalizaci lokdlniho spolecenstva, proto se jimi

nebudeme zabyvat.

4. Casové charakteristiky

4.1. Sezonalita

Ackoliv se distribuce potravniho zdroje vyuzivaného koprofilnim spole¢enstvem béhem roku,
na rozdil od jinych zdroji které vyuzivd napiiklad nektarivorni hmyz (Tilman, 1978),
v zésad€ nemnéni, tak je sezénni zména druhového slozeni v koprofilnim spolecenstvu zna¢na
(Sladecek et al., 2013). Casova posloupnost v ramci roku je samoziejmé Uzce spjata se
zménou teploty a mnozstvim srazek. Ty jsou pak limitujicim faktorem prevazné v extrémnich

podminkéach (sucho, chladno). V severnim temperatu a horskych oblastech teplota znacné



limituje schopnost vyvoje, a tim zkracuje obdobi aktivity hmyzu (Landin, 1961). Naopak
v tropickych oblastech urcuji srazky aktivni obdobi koprofilniho spolecenstva, naptiklad
svym vlivem na vlhkosti pidy (Hanski and Cambefort, 1991). Cela skupina druht, kterd si
tvofi sva hnizda v pudé (Stolafi, valeci), se rozmnozuje v dob¢ vyssi vlhkosti (vétSinou po
obdobi desttr), kdy jsou brouci schopni diky vyssi vlhkosti ptidy konstruovat své nory.
Naproti tomu obyvaci se v téchto oblastech rozmnozuji spiSe v nasledujicim sus§im obdobi,
jelikoz jsou prizptisobeni na vyuzivani starSich, a sussich potravnich zdrojli, a zaroven nejsou
zavisli na vlhkosti plidy, jelikoz nemusi pfipravovat hnizda pro larvy (Davis, 1996). Nejvétsi
efekt ma sezonalita v oblastech, kde se stfidaji 4 rocni obdobi (stfedni Evropa, Castecné
mediterdn a severni temperat), a kde byla také nejvice studovana (Hanski, 1980; Sladecek et
al., 2013). Studie odhalily jasné rozdéleni druhti i ekologickych gild v rdmci sezény. VéEtSina
relokatorti je jarni skupinou. Naproti tomu omnivofi, ktefi se v sukcesi vyskytuji spolu
s relokétory, maji své nejvetsi abundance az v letnim obdobi (Sladecek et al., 2013). Timto
tyto dvé ranné sukcesni skupiny snizuji vzdjemny kompeticni tlak. Obyvaci vykazuji n¢kolik
riznych typt separace podél ro¢nich obdobi. Jsou tu druhy striktné jarni (Aphodius
haemorrhoidalis) a striktné podzimni (Aphodius rufus) a dale pak druhy s dvéma generacemi
ro¢né (rozdélenim s dvéma piky v jejich abundanci), a to jarni a podzimni (Aphodius
fimetarius) (Sladecek et al., 2013). Diky jejich snizené ptitomnosti v letnich mésicich se opét
separuji od v této dob€ abundantnich omnivorii a také od larev dvoukitidlych, které maji
abundan¢ni maxima také v letnich mésicich (Sladecek et al., 2016). Neptitomnost obyvacii
(vyjma dvoukfidlych) v letnich mésicich mlze byt zplsobena niZsi toleranci k vyssi teploté,
ktera byla u nékterych druh rodu Aphodius pozorovana (Landin, 1961). Dvoukiidli na
druhou stranu maji vyS$i aktivacni energii nez brouci rodu Aphodius (Hammer, 1941).
Predétofi jsou skupinou, kterd je rovhomérné distribuovéana naptic rocni sezoénou (Sladecek et

al., 2013).
4.2. Sukcese

Stari potravniho zdroje je dalSim aspektem, ktery vyrazné ovliviiuje sloZeni spolecenstva.
Béhem doby po kterou je potravni zdroj exponovan povétrnostnim vliviim, v ném dochézi ke
zméné fyzikdlnich charakteristik jako je vlhkost (Landin, 1961). I zde se nachazi veliké
rozdily mezi temperdtnimi a tropickymi oblastmi a to pfedev§im v délce existence potravniho
zdroje. V temperatnich oblastech, kde byla sukcese studovana nejvice (Finn et al., 1998;
Hanski and Koskela, 1977; Sladecek et al., 2013), probiha sukcese 14 i vice dni. Nicméné,

nejvetsi abundance koprofilniho spoleCenstva se u broukii objevuje na druhy, az tfeti den
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a postupné klesd k sedmému az desatému dni. Béhem této doby prochazi spoleCenstvo
vyznamnymi zménami. VétSina studii rozClenuje spoleCenstvo na ranné, sttedné a pozdné
sukcesni druhy ¢i je zde uréity vzor déleni v ramci sukcese i na trovni gild. Jako rané
sukcesni se daji pokladdat obé skupiny alokatori (Gittings and Giller, 1997; Vitner, 1998)
a vétsSina omnivorti (Sladecek et al., 2013). Obyvaci (vyjma dvoukfidlych)a stejné tak
predatofi jsou rozsifeni po celém sukcesnim gradientu (Finn et al., 1998; Hanski and Koskela,
1977; Sladecek et al., 2013). Pouze ty nejmensi druhy predatort (Atheta spp.) jsou vazany na
pozdni sukcesi, pravdépodobné kviili znacnému vyskytu roztocii, na kterych se mohou Zzivit.
Dospéli dvoukiidli maji nejvétsi abundance mezi prvni a druhou hodinou po vytvoieni
exkrementu (Mohr, 1943). Posloupnost druhti dvouktidlych v sukcesi byla studovana pouze
na druhové urovni a zadny vzor tykajici se separace gild neni z vysledkl patrny (Mohr, 1943).
Larvy dvouktidlych maji své nejvétsi abundance ptiblizné od tfetiho dne dale (Sladecek et al.,
2013). Tim by si potencialné mohli konkurovat se Stolafi, nicméné jsou od nich separovany
v ramci sezdnniho gradientu (Sladecek et al., 2016). Sukcesi tropickych spolecenstev se
zabyva mnohem mén¢ studii (Horgan, 2001; Sabu et al., 2006). VSechny vsak ukazuji, ze
sukcese v téchto spolecenstvech probihd mnohem rychleji, coz je zplsobeno piedevsim
ptitomnosti siln¢ kompetujicich druhli (velci Stolafi a valeci) diky nimz dochazi k rychlé
degradaci potravniho zdroje (Halffter and Edmonds, 1982). Tyto studie se zabyvaji vyhradné
pravymi koprofagnimi brouky, nicméné opét ukazuji podobny vzor, ktery lze sledovat
i v temperatnich spolecenstvech. Na prvni den sukcese maji nejvétsi abundance relokatoti a az
v pozdéjSich fazich sukcese (pokud jest¢ probihda) se objevuji obyvaci, ktetfi jsou zde
adaptovani na siln€ destruované zdroje (Krell et al., 2003). Rozdilem oproti temperatu je, Ze
v téchto spolecenstvech existuje sukcesni stratifikace v fadu hodin (Krell-Westerwalbesloh et
al., 2004). Tato rychld sukcesni zména ziejmé zapficiiiuje dalsi stratifikaci v rdmci Casové
osy, kterou je v denni a no¢ni sukcese, tedy jestli byl zdroj vytvofen v dennich ¢i nocnich
hodinich. Druhy tropickych spolecenstev maji denni €1 no¢ni aktivitu, coZ mize opét byt
vysledkem rozdilné tolerance k teploté (Krell et al., 2003). Mezi obéma témito skupinami se
vyskytuji kompeti¢n€ silné druhy. Pies den jsou to predevsim valeci (Kepher), kteti pfi
vysokych abundancich dokazi potravni zdroj degradovat natolik, Ze se sukcese zcela zastavi
(Halffter and Edmonds, 1982). V no¢nich hodinach se naopak vyskytuji velci Stolafi
(Heliocopris), ktefi dokazi potravni zdroj monopolizovat jeho Gplnym piekrytim zeminou

(Giller and Doube, 1994).



5. Prostorové charakteristiky

5.1.Velikost habitatu

Vztahem mezi velikosti habitatu a slozenim koprofilniho spolecenstva se detailné¢ zabyva

druhé cast této prace.
5.2. Stratifikace potravniho zdroje

Efemérni habitat je diky pisobeni vnéjsich efektti i diky plisobeni hmyzu vniting rozdélen na
nékolik fyzikalné odliSnych prostorii. Pfi povrchu potravniho zdroje, diky pocatecnimu
vysychani vznika takzvand , krusta®, kterd naopak nasledné zabranuje nadmérnému vysychéani
(Landin, 1961). Pod touto krustou, vlivem pohybu znaéného mnozstvi hmyzu, vznikaji
takzvané ,,galerie* a centralni ¢ast potravniho zdroje zlistava po znacnou dobu sukcese tekuta
a zpocatku obsahuje az 85% vody (Holter, 1994). Proto by se dalo predpokladat, ze
rozvrstveni prostoru v ramci potravniho zdroje mize byt dal§im aspektem, dle kterého se
spole€enstvo koprofilniho hmyzu mutze separovat a tim mlze snizovat kompetici druht (Finn
and Gittings, 2003). N¢kolik studii sledovalo preference pro vybér ¢asti habitatu na rodu
Aphodius (Holter, 1982; Gittings, 1994; Finn and Giller, 2000). U adultnich jedinct vétSiny
studovanych druht se podafila prokdzat preference pro periferni (sussi) C¢asti habitatu,
pfiCemZ zde byly i rozdily v preferenci bud’to vrchni €asti krusty, nebo boc¢nich ¢asti
spojenych s podkladem. Objevili se zde pouze dva piipady generalistl v ramci vybéru
prostorové pozice v habitatu. Nicméné tyto dva druhy (A. fossor, A. fimetarius) v ramci
sukcese setrvaji v habitatu nejdelsi dobu (,,sukcesni generalisté*) (Holter, 1994), proto jsou
nejspise adaptovani na fyziologicky stres, ktery vznika diky anaerobnimu prostiedi v centralni
vlhkeé ¢asti (Holter, 1994). Larvy téchto druhli se v niz$ich instarech zdrzuji také v periferni
casti (Gittings, 1994), ¢i na pomezi pidy a potravniho zdroje, kde nevznikd anoxické
prostfedi v takové mife (Gitting and Giller 1997). Tteti instary, které se vyskytuji v pozdni
fazi sukcese (Finn and Giller, 2000), se vyskytuji napfi¢ celym habitatem, ve kterém jiz diky
vysychani neexistuji anoxické podminky (Landin, 1961). V pocatecnich fazich sukcese se
nicméné vyskytuje oblast (centralni cast), kterd je t€émito obyvaci vyuzita jen z malé ¢asti.
Otazkou tedy zlstava, jestli naptiklad larvy dvoukfidlych, nebo rod Sphaeridium
(Hydrophilidae) jsou ktémto podminkdm s vysokou vlhkosti vice tolerantni (vlastni

pozorovani) a nesnizuji tak kompeti¢ni tlak separaci v rdmci prostoru uvniti habitatu.



6. Kbvalitativni charakteristiky

6.1. Druh habitatu

Druh trusu, ¢i spiSe druh zvitete, které jej vyprodukovalo je dalsi charakteristikou, ktera se
i v lokalnim méftitku mize vyznamné liSit (Finn and Gittings, 2003). Rizné druhy zvifat,
produkuji razné kvalitni trus, pfiCemz kvalita zahrnuje naptiklad obsah dusiku, uhliku, vody,
pomér velikosti Castic ¢i obsah dalSich organickych latek, kterymi se dany producent
potravniho zdroje zivi (Gittings and Giller, 1998; Holter and Scholtz, 2007). Zakladni déleni
zdroje je na trus herbivori, omnivort a karnivord, které se ve svém chemickém slozeni
zasadné 1i§i (Hanski and Koskela, 1978). Trus karnivorG je vyuzivan jen velmi ziidka
v n¢kterych tropickych lesich, kde je nedostatek trusu produkovaného vétSimi savci, nebo je
tento trus vyuzivan pifi krmné fazi diky lepSimu obsahu dilezitych latek (Hanski and
Cambefort, 1991). Nejvyuzivanéjsi je trus herbivord a omnivori. Obecné se da fici, ze trus
herbivorl je v prostfedi mnohem vice rozsifen, tudiz by se dala predpokladat specializace
praveé na tento typ trusu. Nicméné spousta africkych valecl (vyjma nejmenSich rodt Sisyphus
a Neosisyphus) preferuji spiSe trus omnivord (Hanski and Cambefort, 1991). To muze byt
zpusobeno tim, ze tyto druhy jsou omezeny, co do objemu zdroje, velikosti koule kterou
dokazi vytvofit, proto muzou preferovat nutricn¢ kvalitngj$i trus omnivori (Hanski and
Koskela, 1978). Trus velkych herbivorti je na druhou stranu vyuZivany obzvlasté¢ velkymi
Stolati (Heliocopris). To je pravdépodobné zptsobeno potiebou velkého mnozZstvi materialu,
které je nutné pro zajisténi dostatecného mnozstvi zdroje pro vyvoj larvy. Celkové vysledky
ukazuji, ze 72% koprofagnich broukl africkych savan preferuje bud’ jeden nebo druhy ze
dvou zdkladnich typil trusu (Hanski and Cambefort, 1991). Rozdily v kvalité a sloZeni trusu
se samoziejme& objevuji 1 uvniti téchto skupin (Holter and Scholtz, 2007). V temperétnich
oblastech a v ptipad¢ jednoho druhu herbivora i rozdily v sezoné, zplisobené¢ zménou nabidky
potravy (Edwards and Aschenborn, 1987). Kvantitativni studie na temperatnim spolecenstvu
koprofagnich broukt (Finn and Giller, 2002; Holter and Scholtz, 2007; Mroczunski and
Komosinski, 2014) ukazuji, Ze ackoliv zaddny ze studovanych druhl spoleCenstva nema
exkluzivni preferenci pro urcity typ trusu (kun, ovce, krava), tak abundance napfi¢ t€mito
typy se znacné liSi. Konkrétné u rodu Sphaeridium a nékterych druhti rodu Aphodius (A.
rufuper, A. rufus, A. ater, A. prodromus). Obecné se ale toto rozde€leni nedé ptili§ aplikovat na
rozdeleni celych gild a funguje spiSe na druhové trovni. Pouze rod Sphaeridium (omnivoti)

ma nejveétsi zastoupeni v kravském trusu. Zistava vSak otdzka, zda je toto zplisobeno vyssi
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toleranci k prostiedi s vyssi vlhkosti, kterou maji jejich blizci ptibuzni (Short & Fikacek,
2013). Separace na vysSich taxonomickych trovnich dle typu habitatu je znama
u dvoukfidlych (Psarev, 2002). V kravském trusu se pievazné vyskytuji zastupci Muscidae
a Sepsidae a naopak v koniském trusu maji vétsi abundance Sphaeroceridae a Anthomyidae.
Celkove je ziejmé, ze pokud se lokaln¢ vyskytuje vice druhii producentii trusu, muze to
zapticCinit strukturalizaci druhti 1 vy$sich taxonii a tim snizit potencialni kompetici v lokalnim

koprofilnim spolecenstvu.

S typem habitatu znacné souvisi velikost Castic, které koprofagni druhy poziraji
(Holter, 2000; Holter and Scholtz, 2007). Rizné typy habitatu maji rozdilny vyvoj jeho
fyzikalnich vlastnosti. Zatim co u kravského trusu se po né€kolika hodinach po exponovéni
vytvori krusta, ktera ¢asteéné zabranuje vysychani, u jinych typi trusu (kun, ovce) se krusta
netvoii a tyto habitaty vysychaji mnohem rychleji. S tbytkem vlhkosti se tyto malé ¢astice
pravdépodobné akumuluji ve vétsi, coz miize znamenat zamezeni konzumace téchto ¢astic.
Rozsah priméru castic, které jsou tyto druhy schopny poztit, se pohybuje v rozmezi od 2 az
130 um (Holter and Scholtz, 2007). Tento rozsah je zavisly na velikosti druhu, pficemz velci
valeci jsou schopni travit vétsi ¢astice nezli stejné velci Stolafi a obyvaci. Celkové to vypada
tak, ze ¢im dal a ¢im mens$i mnozstvi potravy (Stolafi obecné zpracovavaji vEétsi mnozstvi
trusu nezli stejné velci valeci) je oddélovano od pivodniho potravniho zdroje, tim vétsi
Castice jsou brouci schopni pozfit. Proto rozdéleni spoleCenstva dle selektivniho vybéru
velikosti ¢astic ma smysl jen u trus obyvajicich druhli. V temperatni oblasti druhy rodu
Aphodius poziraji ¢astice o priméru od jednotek pm do 20 pm. Nicméné vyzkum ukazal, ze
castice téchto velikosti tvoii 40 aZ 50% objemu zdroje na pocatku jeho vytvofeni v zavislosti
na druhu producenta tohoto zdroje (Holter, 2000). Celkové se zda, Ze tyto habitaty maji vyssi
nez potiebné mnozstvi redlné¢ konzumovatelné hmoty, tudiz se nedd ptredpokladat, ze by

dochéazelo k separaci spoleCenstva na zéklad¢ selektivniho vybéru Eastic.
7. Shrnuti

Je zfeymé, Ze vétSina charakteristiky habitatu, které jsou proménlivé v lokalnim métitku, maji
urcity vliv na strukturalizaci spolecenstva, ¢imz snizuji kompetici mezi druhy a napomahaji
lokdlnim spoleCenstviim udrzet vysokou druhovou bohatost a abundanci. Jak v tropické
oblasti, tak vtemperatu maji nejvétsi vliv Casové charakteristiky. V tropické oblasti
piedevSim zména mezi dnem a noci, kterd od sebe ve vétSiné odd€luje dvé nejvice

kompeti¢n€¢ schopné gildy (valeCe a Stolafe). V temperatni oblasti ma nejzésadnéjsi vliv
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sezonalita a stafi habitatu, které ob¢ také odd¢€luji celé gildy. Dalsi charakteristikou, kterd ma
znacény vliv na rozdéleni spoleCenstva alesponn v tropech je typ habitatu, pticemz se zde
objevuji znacné rozdilné preference pro trus omnivord ¢i herbivort. V temperatu ma rozdilny
typ habitatu u broukt vliv spise na druhové urovni, zatimco u dvoukiidlych od sebe odd¢luje

vysoce abundantni taxonomické skupiny.
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I. Habitat size separates the co-occurring potential competitors

in an ephemeral habitat.

Tomas Zitek, FrantiSek Xaver Jifi Sladecek

II. Abstract

Ephemeral habitats such as dung pat host highly abundant and species rich communities with
enormous pool of potential competitive relations. Species coexistence in these habitats is
therefore facilitated by separation across temporal or spatial gradients. Habitat size is a less
studied spatial gradient, with potential effects on community structure. We therefore studied
the relationship between dung pat size and the whole dung-inhabiting insect community in
temperate Central Europe, focusing both on the surface (adult Diptera) and the inner (adult
Coleoptera, dipteran larvae) communities. The study was carried out in three seasons in 2012
(spring, summer, autumn), using artificially created dung pats covering almost the whole
natural scale of the dung pats' sizes (0.25 - 5 litres) and three dung ages for each dung pat size
(1, 3 and 7 days). In total, we sampled 6,313 individuals representing 42 species of the
surface community and 48,108 individuals representing 78 species of the inner community.
Abundance and species richness were positively correlated with the size of the dung pats in
both communities. However the community densities (number of individuals per unit of dung
volume) were negatively correlated with dung pat size, which resulted in a low density refuge
effect in large habitats. The guilds and species with similar ecology were separated across the
size gradient. This separation was most prominent among coprophagous and omnivorous
species occurring at the same time in succession and season. The body size of predators was
positively correlated with size of habitat, separating large species in large pats from small

species in small pats.

Keywords: habitat size, coprophilous community, abundance, species richness, competition,

community separation
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II1. Introduction

Species coexistence in natural communities is a central topic in the community ecology. This
coexistence is facilitated by species separation along the numerous environmental axes
(Schoener, 1974; Silwertown 2004). Identification of such axes is therefore an important task
of community ecology.

The structure of communities is driven by two main processes: environmental filtering
and niche differentiation (Kraft et al. 2015; Maire et al. 2012; Silvertown 2004).
Environmental filtering aggregates species with similar tolerance to the environmental factors,
such as temperature or humidity (Keddy, 1992; Kraft et al. 2015). These environmental
factors are generally responsible for assembling whole communities. On the other hand, niche
differentiation separates the species across the niche axes, such as food, time or habitat
(Schoener, 1974). Therefore this process may therefore have significant influence rather on
the coexistence of species within these communities, where the niche determinants differ
considerably even on the small spatial scale (Adams & Thibault, 2006; de Camargo et al.,
2016). An excellent example of the species rich community with high potential levels of niche
differentiations is insect community inhabiting ephemeral habitats.

Ephemeral habitats, such as dung pats, carrion, rotten fruit or fruiting bodies of
macromycetes, are unpredictably distributed in space and temporally unstable, but provide
high energy content for the colonizing species (Finn, 2001; Hata and Edmonds, 1983; Holter
and Scholtz, 2007). Despite their instability, these habitats are inhabited by highly abundant
and species rich communities, including dozens of species and hundreds of individuals
(Hanski and Koskela, 1977; Woodcock et al., 2002). Intense colonization in such small and
short term habitats should induce a high level of species competition (Beaver, 1977). This
competition is nevertheless reduced predominantly by species' spatial or temporal patterns
(Finn and Gittings, 2003; Schoener, 1974). The temporal patterns, including species
succession and seasonality, are the most studied. Habitat age (succession) sharply divides the
community to an early and a late successional species or ecological guilds (e.g. Kocarek,
2003; Sladecek et al., 2013) and seasonality divides the main active season of beetles and flies
(Benbow et al., 2013) and also ecological guilds of beetles and flies (Sladecek et al., 2013;
Sladecek et al., 2016). However, even if the temporal patterns separate the ecological groups,
there could be still a potential competition since species from the same ecological groups, and

therefore utilizing resource the most similarly, occur together at the same time. In our study,
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we therefore focused on a less studied spatial characteristic, which could eliminate the
competition between such species: the habitat size preference.

Ephemeral habitats naturally vary in sizes. In the last several decades, the effect of
habitat size on community structure was studied in communities inhabiting rotten fruit
(Sevenster and Van Alphen, 1996), mushrooms (O'Connell and Bolger, 1997), carrions
(Anderson, 1982; Kuusela and Hanski, 1982; Woodcock et al., 2002) and dung pats (Finn and
Giller, 2000; Gittings, 1994; Hutton and Giller, 2004). In all such studies, there was a
significant positive relationship between the habitat size and the number of individuals, e.g.
amongst adult coprophilous beetles (Finn and Giller, 2000; Gittings, 1994; Hutton and Giller,
2004; Olechowicz, 1974), fly carrion community (Woodcock et al., 2002), or the tropical
Drosophila community inhabiting rotten fruit (Sevenster and Van Alphen, 1996).
Additionally, species richness increased with increasing habitat size in ding-inhabiting beetles
(Gittings, 1994). On the other hand, individual biomass per litre of habitat mostly decreased
with the habitat size in dung (Hutton and Giller, 2004) and rotten fruit community (Sevenster
and Van Alphen, 1996). At species level, there was a preference of large beetles for large
habitats, and oppositely small beetles for small habitats in dung-inhabiting community
(Gittings, 1994; Peck and Howden, 1984). The habitat sizes could also separate, similarly to
time, the ecological groups of species in the carrion community (Anderson, 1982). Here,
species were separated along the habitat size gradient, discerning the competitively dominant
food monopolizing Nicrophorinae (small carcasses) and competitively inferior food non-
monopolizing Silphinae (large carcases). In our study, we further focus on the effect of habitat
size in the dung-inhabiting (coprophilous) community.

Excrements naturally vary on the large scale approximately from several grams (sheep
pellets) to more than several kilograms (3 kg from adult cows, 10 kg from elephants). This
large scale is caused by the varying sizes of defecating animals, varying species of defecating
animals, consistency of the material or the motion of the defecating animal (personal
observation). However, the majority of studies used only a small number of naturally
occurring sizes, e.g. from 100g to 1000g (Hutton and Giller, 2004), or compared only small
number of distinct sizes, e.g. 2 and 200 ml (Peck and Howden, 1984). In addition, most of
these studies examined only a part of dung insect fauna. They focused almost exclusively on
dung beetle genera only (Scarabaeidae: Aphodius, Geotrupes) (Finn and Giller, 2000; Hutton
and Giller, 2004) and less usually included genera from other ecological groups, such as
predators (Histeridae: Margarinotus) (Hutton and Giller, 2004) and omnivores

(Hydrophilidae: Sphaeridium) (Finn and Giller, 2000; Hutton and Giller, 2004). However,
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there are other abundant dung-inhabiting groups (Diptera; Coleoptera: Staphylinidae, rest of
Hydrophilidae), that constitute high percentage of the coprophilous communities’ abundance,
and which were not incorporated in the majority of previous research.

In this study, we focused on the influence of habitat size on the structure of the
coprophilous insect community inhabiting cow dung in Central Europe. We covered almost
the whole range of naturally occurring dung pats sizes (0.25, 0.5, 0.75, 1, 1.5, 2, 3 and 5 litres)
and we sampled the whole insect community. In addition, we also included aspects of
succession (dung age) by sampling each size in three successional times, and seasonality, by
repeating the sampling in three seasons for the covering the wide range of the inhabiting
species. We asked three specific questions: (1) How does the habitat size affect abundances,
species richness and the density of the coprophilous community? (2) Is there a separation
across the habitat size in ecological groups, taxonomical groups and/or at the species level?

(3) Is habitat size preference related to species mean weight?

IV. Material and methods
Sampling site

This study was carried out on a pasture situated approximately 10 km west of Ceske
Budejovice, Czech Republic (48° 59" 2.4" N, 14° 24’ 34.957" E). This 23 ha pasture has been
grazed permanently by a herd of approximately 30 adult cows for several decades. It is
situated at 380 m.a.s.l., in a region with an average annual temperature of 8.1 °C, average
annual precipitation of 620 mm, and vegetation season spanning from March to October

(Sladecek et al., 2013).
Sampling design

The study was carried out in 3 sampling seasons, in order to cover main seasons of
coprophilous insects activity (Hanski, 1986; Hammer 1941; Holter, 1982; Mohr 1943)
(spring: 28 April — May, summer: 10 July — 20 July, autumn: 15 September — 25 September)
in 2012. The dung pat size gradient consisted of 8 sizes (0.25, 0.5, 0.75, 1, 1.5, 2, 3, and 5
litres). These sizes were chosen to cover almost whole gradient of dung pat sizes which
occurs naturally on our sampling site. We measured volumes of two hundred dung pats in the
transect of pasture with the mean volume 1.581, the minimum volume 0.061 and the maximum
volume 7.361. In addition, we included the coprophilous insect successional turn-over (dung

age) by sampling 1, 3 and 7 days old pats of all sizes within each season.
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We used artificially created dung pats, which enabled us to create dung pats of exact
volumes. We presume that artificially created dung pats do not differ in their inhabiting
communities from naturally dropped pats (Barth et al., 1994). Fresh un-colonized dung was
collected in a barn with permanently stalled cows and thoroughly mixed and homogenized
before exposition. The dung pats were created and exposed between 10 am and 11 am at the
study site.

Each successional time was represented by a line of 8 dung pats (representing the 8
volumes). The sequence of those dung pat volumes was randomized in each line to minimize
the effects of spatial variations. As one replication, there were 3 such lines (representing the 3
successional times) laid on a single day. On consecutive days, 3 another replications were
laid. Therefore, the whole sampling contained 24 pats in one replication, 96 pats in one
sampling season and 288 pats in total. Spatially, the dung pats within each line were placed 5
meters apart. Lines representing the same successional time were placed together, forming a
block, and each line was placed 5 m away from the other lines. Those blocks, each of which
represented a successional time, were placed 10 m away from each other. After the creation of
the pats, we also measured the diameter and the height of the dung pats for estimation of an
approximate dung pats surface. To estimate the dung pats surface, cylinder was used as a
model, since it has the most similar proportions to the natural and our artificially created dung
pats.

The insect sampling was carried out in two phases. In the first phase, the surface
community (Diptera and Hymenoptera adults) was collected by a rapid covering of a dung pat
with a sweeping net and then the dipteran individuals were removed to the sampling bottle
(Sladecek et al., 2016). The surface community was sampled additionally one hour after the
dung pats creation, when adult Diptera are most abundant (Hammer, 1941; Mohr, 1943,
Sladecek et al., 2016). This one hour old sample was taken from randomly chosen line in each
replication. Other successional times (1, 3, 7 days) were sampled from designated lines in
each replication. Therefore we sampled 32 samples per successional time (1 hour, 1, 3 and 7
days) per one sampling season.

In the second phase, the inner community was collected by floating the dung and a
small portion of underlying soil in a bucket of water (Krell, 2007). The floated substrate was
then hand sorted to assure that all insects were sampled. This procedure was applied after
sampling the surface community in each line (1, 3, 7 days old pats). Beetles were preserved in

96% ethanol. All samples were taken to the laboratory for identification.
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After species identification, twenty individuals of each inner-community species were
dried and then they were weighted using the analytical balances. The averages of species
weights were used for the statistical analyzes. Only the species of inner community were used
for the habitat size-species weight relation analyses. The surface community was not
analyzed, because only its larvae are important to the whole biomass weight and the larvae are

incorporated into the inner community.

Insect Groups

We classified all insect species to functional, mostly trophic, groups of saprophages,
omnivores, and predators. Those functional groups were divided to the ecological guilds
clustering species which use the resource similarly. The guilds were further divided into
ecological groups, according to the taxonomy or differences in species ecology. All these
groups include both inner and surface species.

Saprophagous species utilize decaying matter (dung in most cases) as both adults and
larvae. They were divided into two gilds based on larval and adult ecology. The first group
was formed by 1) the relocators, whose adults are specialized coprophages and all larval
stages develop out of the dung pat; either 1) in underground nests, constructed by adults,
where the larvae feed on dung provided by adults (tunellers: Onthophagus spp., Aphodius
erraticus) (Halffter and Edmonds, 1982; Rojewski, 1983); or ii) the larvae live in soil or in
different decaying resources (generalists: e.g. Aphodius prodromus, Hebecnema vespertina)
(Gittings and Giller, 1997; Gregor et al., 2002; Hanski and Cambefort, 1991; Skidmore,
1985). The second guild is called 2) the dwellers, whose larval stages develop in the dung pats
(Gregor et al., 2002; Vitner, 1998). The dwellers were additionally split into individual very
abundant taxonomical groups differing among surface (Calyptratae dwellers, Acalyptratae
dwellers, Nematocera dwellers, other dwellers) and inner (Scarabacidae dwellers,
Staphilinidae dwellers, larvae of dipteran dwellers).

Omnivorous are those species, whose adults are coprophages, and larvae are either
purely predatory (Hydrophilidae omnivores) (Sowig, 1997) or require living food to finish
their development (Diptera omnivores) (Dickson et al., 2012; Skidmore, 1985). Scatophaga
stercoraria, the only omnivore whose larvae are coprophagous and the adults are predators,
was placed into this group as well (Diptera omnivores) (Blanckenhorn et al., 2010).

Predators hunt living prey both as adults and larvae. The inner community contains the

species from family Staphilinidae and Histeridae (Koskela and Hanski, 1977). The surface
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community contain one subgroup of predators, which are Hymenoptera parasitoids (e.g.

Figitidae) (Marchiori et al., 2003).

V. Analyses
Effect of the habitat size on abundance, species richness and the density.

The relationship between the size of the dung pat and the numbers of individuals, species
richness and numerical density (numbers of individuals per dung volume) was investigated by
linear regression computed in R 3.2.4. (R Development Core Team, 2012). Both predictor and
response variables were log transformed prior the analyzes. We tested all three predictors
together for both inner and surface community and also separately. In addition to this, we also
computed the relationship between the size of the dung pat and the density of three main

functional groups (saprophages, omnivores, predators) in both communities.
Guild preferences to sizes

We used redundancy analysis (RDA) computed in CANOCO 5 for Windows (Ter Braak and
Smilauer, 2012) to analyze the relationship between ecological groups and habitat sizes. RDA
is an ordination technique suitable for datasets with a linear response in species data to the
gradient (Leps and Smilauer, 2003). We used the log (x + 1) transformation of ecological
groups’ counts. The analyzes were computed separately for the inner and the surface
community with volume as a continual enviromental predictor. The dung age, season and
affinity to replication (lines of dung pats laid on the same day) were used as block
covariables. Monte Carlo permutation (999 permutations) was used to test a statistical
significance of volume as an enviromental predictor. The total sum of saprophages and
omnivors separately in the inner community and the sum of all saprophages in surface

community were plotted as supplementary variables.
Species preferences to sizes

We used canonical corespondance analysis (CCA) computed in CANOCO 5 for Windows
(Ter Braak and Smilauer, 2012) to analyze the effect of dung pats volume on the community
of coprophilous insects. CCA is an ordination technique suitable for datasets with species'
unimodal response to the gradient (Leps and Smilauer, 2003). We used the log (x + 1)
transformation of species counts and excluded species with <5 in occurence in all samples.

The analyzes were computed separately for the inner and the surface community with volume
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as a continual enviromental predictor. The dung age, season and affinity to replication (lines
of dung pats laid on the same day) were used as block covariables. Monte Carlo permutation
(999 permutations) was used to test a statistical significance of volume as an enviromental
predictor. In addition, we also computed CCA, separately for both communities, using either
succession or season as enviromental variables, with the rest of variables as covariates. The
results of these analyzes were to be used in further processing of data.

For a better visualisation of dung volume optima of species occuring at the same time
(both in season and succession), XY plots were constructed in CANOCO 5 for Windows (Ter
Braak and Smilauer, 2012). The individual species position on the X (succession) and the Y
(season) axes was taken from the CCAs as a position of this species on the first axis
(representing the temporal gradients) in those analyzes. The species optima for dung volume
were also taken from the respective analyzes as the species position on the first axis,
representing the dung volume gradient.

Additionally, if the species, which are known for their spring-autumn distribution
only (Sladecek et al., 2013; Sladecek et al., 2016), were computed by CCA as a summer
species, we would manually change their value on the season axis and assign them two
distinct values for the spring and autumn part of the season, with keeping their score on the
succession axis.

To obtain species preferences for habitat sizes, as well as to group the species occuring
in the same temporal part, the cluster analasis was used, namely the affinity propagation
clustering (Frey and Dueck, 2007) of the apcluster package in R 3.2.4. (Bodenhofer et al.,
2011). This cluster analysis uses a square negative Euclidean distance to measure dissimilarity
and identify clusters. This alogirithm is based on similarities between pairs of data points.
Affinity propagation simultaneously considers all data points as potencial center of clusters
and then chooses the final centers and their values (Bodenhofer ef al., 2011). We used this
clustering method on the both succesion and season CCAs data for the grouping of species
occuring in the same part of temporal gradients (species which really occure in the same dung
pat in the same time). Secondly, we used this clustering method on volume CCAs data for
grouping of species which prefer the similar habitat size. Each of these groups and their
members (species) were additionally marked by the value which correspods to the affinity to
the real dung pat volume (preference for the habitat volume).

In order to prove the disparity of the species’ volume preferences in single season-
succesion clusters, we used the one-sample Wilcoxon test. In each cluster, we constructed all

possible pairs of different species and assign them the value of volume preference. The
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volume preferences were taken from the cluster analysis of the volume CCAs data. For the
Wilcoxon test, we used the absolute difference of the species pair values and tested them

against zero.
Relationship between the size of the habitat and weight of the species

The relationship between the mean species’ weight and the species preference for dung
volume was computed by linear regression in R 3.2.4. (Team, 2012). The species’ volume
preference was taken from the clustering analysis. Both predictor and response variable were
logarithmically transformed. This relationship was computed for the whole inner community

and for three main functional groups separately.
VI.  Results

A total of 54,421 coprophilous insects individuals representing 122 species and morpho-
species were sampled from both the inner and the surface community.

The inner community contained 48,108 individuals in 80 species. The dataset from
this community was corrected by the exclusion of 11 species with <5 occurrences. Some
individuals from this community could not be reliably identified to the species level, more
specifically some individuals of the genus Atheta (Staphylinidae: predators) which were
morpho-typed into three morpho species (Atheta sp. 1 - 3). Concurrently, some Diptera larvae
were impossible to identify to the species level, thus the larvae of Anthomyiidae were
identified to the family level and larvae of the genus Sepsis were identified to the genus level.
Species of both these two taxa have uniform ecology (Dipteran dwellers). After said
corrections, the inner community contained 69 species and 48,081 individuals.

The surface community contained 6,313 individuals in 42 species. The dataset from
this community was corrected by the exclusion of 9 species with <5 occurrences. Some
individuals from this community could also not be reliably identified to the species level.
Therefore we used 3 morpho-genera (Figites, Meoreura, Sarcophaga), the rest was identified
to family level (Braconidae, Chironomidae, Chloropidae, Diapriidae, Phoridae, Sciaridae,
Scatopsidae, Syrphidae). All these families and morpho-genera have uniform ecology within
these groups. After mentioned corrections, the surface community contained 33 species and
6,286 individuals.

The whole list of species sampled, their ecological group affiliations, overall

abundances and weights is listed in Appendix (Tab. Al).
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Trends in abundance, species richness, and density

Abundance and species richness were positively correlated with dung pat volume in a whole
community (Tab. 1) (Fig. 1A, Fig. 1B) and also separately in both the inner and the surface
communities (Fig. A1). The abundance and species richness of the inner community increased
approximately from 47 individuals (MEAN = 46,857; SE = 8,245) and 11 species in the 0.25
litres dung pats (MEAN = 10.6, SE = 1.147) to 319 individuals (MEAN = 318.742, SE =
34.624) and 22 species in the 5 litres dung pats (MEAN = 22.171, SE = 0.901) with maximum
abundance in the 5 litres dung (872 individuals) and maximum species richness in the 2 litres
dung (37 species). In the surface community, the abundance and species richness increased
from 8 individuals (MEAN = 8.417, SE = 1.728) and 4 species in the 0.25 litres pats (MEAN
=3.708, SE = 0.437) to 26 individuals (MEAN = 26.458, SE = 4.720) and 6 species in the 5
litres pats (MEAN = 6.458, SE = 0.510) with maximum abundance in the 5 litres dung (187
individuals) and maximum species richness in the 5 litres dung (17 species). Only the inner
community closely corresponded to the increase of the surface of the dung pats, which also
increased approximately seven (6.80) times with increasing volume (from 247.28 in 0.25
litres to 1670.48 cm” in 5 litres). The increase in surface community was far lower (3.25) than
the increase in dung pats' surface.

Oppositely, density significantly decreased with increasing volume in the whole
community (Tab. 1) (Fig. 1C) and also separately in both the surface and inner community
(Graphs of these analyses are listed in Appendix). In the inner community, the density
deacreased from 187 in the 0.25 litres dung pat (MEAN = 187.429, SE = 32.981) to 64
(MEAN = 63.746, SE = 6.925) individuals per dung unit volume in the 5 litres dung pat. In
the surface community, the density decreased from 34 in the 0.25 litres dung pat (MEAN =
33.667, SE = 6.911) to 5 (MEAN = 5.292, SE = 0.944) individuals per unit dung volume in
the 5 litres dung pat. In the inner community, only saprophages and predators' density are
significantly negatively correlated with dung volume. The omnivores' density did not respond
significantly to the dung volume gradient. In the surface community, all three functional

groups are significantly negatively correlated with dung volume (Tab. 1).
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Tab. 1 Results of regression models for dung-inhabiting species’ abundance, species richness
and density trends along the gradient of dung pat volume and the relationship between
species’ weight and their preference for habitat volume. Abundance, species richness and
density were tested against dung pats volume in litres. Weight of species was tested against
volume preference taken from affinity propagation analysis. Column community present
which part of the community was tested (all = whole community, inner = inner community,
surface = surface community, S = saprophages, P = predators, O = omnivores). The other

columns present test statistic (t-value), slope of the regression (slope) and significance level

(p-value).

Regression community t-value slope p-value
Abundance all 7.905 0.509 <0.001
Abundance inner 13.060 0.749 <0.001
Abundance surface 5.573 0.328 <0.001
Species richness all 6.200 0.207 <0.001
Species richness inner 9.818 0.264 <0.001
Species richness surface 4.771 0.163 <0.001
Density all -5.737 -0.365 <0.001
Density inner -3.928 -0.228 <0.001
Density inner S -2.892 -0.217 <0.001
Density inner P -6.303 -0.399 <0.001
Density inner O -1.945 -1.443 0.053
Density surface -7.910 -0.468 <0.001
Density surface S -7.677 -0.453 <0.001
Density surface P -2.432 -0.031 0.015
Density surface O -3.552 -0.104 <0.001
Weight inner 2.604 0.876 0.011
Weight inner S 0.017 0.032 0.975
Weight inner P 1.769 3.574 0.002
Weight inner O 1.392 0.971 0.187
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Fig. 1 Linear regression models of dung-inhabiting insects’ abundance, species richness and
density trends along the gradient of the dung pat volume. Both x- and y- axes are log-
transformed. A = abundance, B = species richness, C = density (number of individuals per

litre of dung).

Preferences of ecological guilds to sizes

The abundances of ecological guilds were significantly affected by increasing volume in both
the inner (F = 46.7, p < 0.001, the first canonical axis explained 14.2% of variability in the
guild data) (Fig. 2A) and the surface community (F = 20.5, p < 0.001, the first canonical axis
explained 5.2% of variability in the guild data) (Fig. 2B). In the inner community, we can
divide guilds to three groups. The first group, which contained both omnivorous guilds and
Staphylinidae and Scarabaeinae dwellers, had strong positive response to the increasing
volume. The second group (predators, dipteran dwellers, generalists) had a weak positive
response to the increasing volume. Tunnellers displayed rather neutral response to the dung
pat volume. In general, the omnivores are the most correlated with the dung volume, then
saprophages and predators are the least correlated with dung volume. The surface community
could also be divided into three groups. The first group (relocators, Acalyptratae and
Calyptratae dwellers), with a strong positive response, and the second group (omnivores,
parasitoids), with a weak response, to the increasing volume. The third group (Nematocera
and other dwellers) was negatively correlated with the increasing volume. However, in
general, the correlation of all saprophages is the strongest of three main ecological groups in

surface community.
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Fig. 2: Redundancy analysis (RDA) ordination diagrams of dung-inhabiting insect ecological
guilds’ response to the increasing volume gradient. The panel A (F = 46.7, p < 0.001)
represents the ecological groups of inner community and the panel B (F = 20.5, p < 0.001)
represents the ecological groups of surface community. Total sum of saprophages (both A, B)
and omnivores (A) are used as supplementary variables. Colours represent the functional
groups (green = saprophages, blue = omnivores, red = predators or parasitoids) and the
abbreviations the ecological groups separately in the: A) Inner community (DwScr = dwellers
Scarabaeidae, DwStp = dwellers Staphylinidae, DwDipt = dwellers Diptera, Tun = tunnelers,
Gen = generalists, OmHydr = omnivores Hydrophilidae, OmDipt = omnivores Diptera, Pred
= predators, Sapro = saprophages, Omni = omnivores); B) Surface community (DwCal =
dwellers Calyptratae, DwAcal = dwellers Acalyptratae, DwAsch = dwellers Aschiza, DwNem

= dwellers Nematocera, Omni = omnivores, Par = parasitoids, Sapro = saprophages).

Species preferences to sizes

The composition of the inner community was significantly affected by dung volume (F = 3.3,
p < 0.001, the first canonical axis explained 1.2% of variability in the species data), and also
by both temporal gradients (dung age: F = 32.1, p < 0.001, the first canonical axis explained
10.2% of variability in the species data; season: F = 22.7, p < 0.001, the first canonical axis

explained 7.4% of variability in the species data). These data were visualised as XY plots
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separately for saprophages (Fig. 3A), predators (Fig. 3B) and omnivores (Fig. 3C). XY plots
split the whole community into several groups of species which occurred together in the same
dung age and season. Cluster analysis divided the saprophages into 6 clusters, predators into 4
clusters and omnivores into 4 clusters. However, two of omnivorous clusters were constituted
by one single species and we did not consider them as clusters. Cluster analysis of CCA
volume data retrieved 8 different clusters, which correspond to eight volumes used in the field
work.

In both temporal gradients, the members of saprophagous and predatory guilds are
distributed across the whole volume gradient. Oppositely, members of omnivorous groups
occurred primarily in similar dung sizes, averagely larger than in saprophages. The
saprophage representatives of generalist and tunneller groups displayed a uniform dung pat
volume preference; with generalists occurring in large pats, and tunnellers occurring in
smaller pats than other groups. In all three main functional groups, the species which occur
together at the same time (succession x season clusters) had almost always their optima in
dung pats of a different volume (Tab. 2). Differences were non-significant in only 3 of 12
clusters. In addition to this, occasionally the congeneric species or species utilizing the
resources similarly in the similar temporal part displayed the similar pattern. (e.g.: complex of
Aphodius subteraneus, A. Ater, A. Pusilus, A. Depresus; complex of Staphylidinae dwellers in
the spring part of season; genus Cryptopleurum).

The composition of the surface community was also significantly affected by dung
volume (F = 3.2, P < 0.001, the first canonical axis explained 0.9% of variability in the
species data), and also significantly affected by both temporal gradients (dung age: F = 11.4,
P < 0.001, the first canonical axis explained 3.1% of variability in the species data; season: F
=15.7, P < 0.001, the first canonical axis explained 4.2% of variability in the species data).
These data were visualised as XY plots for the whole dipteran community (Fig. 3D). Cluster
analysis divided the dipterans into 6 clusters, while one of them was a single species and we
did not consider it as a cluster. Cluster analysis of CCA volume data resolved 4 different
clusters, whose values we assigned to the incorporated species.

All guilds in the surface community are distributed across the whole volume gradient.
The community is concentrated in the larger pats only primarily only during its main active
season (summer). The same pattern of using dung pats of different volumes in temporal
clusters and between relative or ecologically similar species as in the inner community also

applied to the surface community, especially in the complex of dwellers in the summer season
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(e.g. genus Sepsis and genus Saltella). One of 5 clusters had nonsignificant differences,

because the habitat preferences of incorporated species were identical (Tab. 2).

Tab. 2: Significance of differences in species’ habitat volume preference in the temporarily
related species based on one-sample Wilcoxon tests. The abbreviations of the clusters are
connected with Fig. 3. Columns present number of species (n), test statistic (V) and
significance level (p-value). In cluster D1, all species had exactly the same preference for

dung pat size (na for V and p-value).

Cluster n \'% p-value
S1 9 496 <0.001
S2 10 703 <0.001
S3 3 6 0.250
S4 5 28 0.015
S5 4 6 0.250
S6 4 21 0.031
P1 8 300 <0.001
P2 7 66 <0.001
P3 5 36 0.007
P4 4 15 0.062
(0] 7 55 0.002
02 6 66 <0.001
D1 3 na na
D2 7 105 <0.001
D3 8 78 <0.001
D4 6 66 <0.001
D5 9 276 <0.001
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Fig. 3: XY plots representing the temporally co-occurring dung insect species and their

preferences for dung pats’ volumes. The temporal position (dung age and succession axes) of

species is taken from canonical correspondence analyses (CCAs). The temporarily related

species are marked by outline creating clusters taken from affinity propagation cluster

analyses. The significance of differences of species’ volume preference are marked by star

(Tab. 2). The size of the species’ symbols corresponds with species preference for the habitat

volume taken from affinity propagation cluster analyses. Panels represent saprophage’s inner

community (A), predator’s inner community (B), omnivore’s inner community (C) and

surface community (D). The colours represent the ecological groups. A) dark green =

generalists, llight green = tunnelers, dark brown = dwellers Scarabaeidae, light brown =

dwellers Staphylinidae, yellow = dwellers Diptera; B) red = predators; C) light blue =

omnivores Hydrophilidae, light blue =

omnivores Diptera; D) dark green = dweller

Calyptratae, light green = dweller Acalyptratae, dark brown = dweller Nematocera, light

brown = dweller other, gray = generalists, blue = omnivores, red = parasitoids.
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Relationship between the size of the habitat and weight of the species

The whole inner community displayed a significant correlation between body weight and
dung volume (Fig. A2; Tab. 1). However, after the separation of the three main ecological
groups (saprophages, omnivores and predators), only the predators displayed a significant
correlation (t value = 1.769, p = 0.002), with large species preferring the larger dung pats and

smaller species preferring the small pats.
VII. Discussion

Despite the fact that the effect of habitat size on the insect community of dung habitat, as well
as ephemeral habitats in general, are discussed in several former studies (Finn and Giller,
2000; Hutton and Giller, 2004), usually only a taxonomic fraction of the coprophilous
community was targeted in those studies (Finn and Giller, 2000; Hutton and Giller, 2004), or
the sizes range did not correspond to naturally occurring sizes of habitats (Peck and Howden,
1984). Since we included the whole community of coprophilous insects and almost complete
natural gradient of sizes, we therefore present the most complete picture of habitat size effects

on coprophilous insects community so far.
Abundance, species richness and density in different patch sizes

An increase of abundance and species richness across the increasing size gradient was
observed in the majority of studies focusing on any type of natural ecosystem (e.g. Schoener,
1974). Similar pattern was also observed in ephemeral ecosystems in most cases (Finn and
Giller, 2000; Gittings, 1994).One exception was observed in adult carrion fly community
(Kuusela and Hanski, 1982), where both abundance and species richness of the whole
community were not significantly correlated with habitat size. However, after separation of
the breeding flies, whose larvae really use the resource not only as adults’ nutriment, but
really for their development, the significant results were prominent. In addition to this, they
used a limited range of the habitat sizes ranging from 20 to 100 grams. Oppositely, in studies
where the very large habitats were included, abundance and species richness of the fly carrion
community were significantly correlated with habitat size (Palmer, 1980). In our study, the
abundance and species richness counted in total as well as separately for the inner and surface
community were unsurprisingly positively correlated with the habitat size. However, the
abundance of the inner community could be rather closely correlated with the surface of the

dung pat then with volume. The abundance of the whole inner community and the theoretical
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surface of the dung pat were both approximately seven times larger across the dung volume
gradient, which increased 20 times. The surface area is presumably correlated with volatiles
dispersion, and therefore with dung pat “findability” (Finn and Giller, 2000). These volatiles
released by dung pats or carcasses, more specifically their amount and composition, are really
important, because they play a main role in attracting insects (Pfrommer and Krell, 2004;
Wasserman and Itaqaki, 2003).

Contrary to the abundance and species richness, the densities of whole and both inner
and surface communities were negatively correlated with increasing volume. Similar trend
was first observed in the Neotropical frugivorous Drosophila community (Sevenster and Van
Alphen, 1996), which, according to the authors, resulted in a low density refuges in larger
patches. This phenomenon helps species to coexist even in cases of high species richness in
large habitats, because individuals have more useable space, and thus the competition
pressure is decreased. In coprophilous community, different trends were observed in density
of Aphodius species along the dung pat size gradient. Both the increase (Finn and Giller,
2000) and decrease (Hutton and Giller, 2004) in density was documented. These differences
were probably caused by using a different scale of sizes. In the first study (Finn and Giller,
2000), artificially created dung pats of 0.25, 0.5, 0.75, 1 and 1.5 litres were used. On the
contrary, in the second study (Hutton and Giller, 2004) naturally dropped dung pats of calves
were used, covering the whole gradient from 100 to 1000 grams. To conclude, when the
whole natural gradient (Hutton and Giller, 2004) or artificially created gradient composed of
high number of volumes (our study) was used, the densities of the whole communities and
almost all the individual ecological groups were negatively correlated with volume.

The only exception to this pattern are the omnivorous species, especially species of
family Hydrophilidae (inner community), who do not display any significant trend in their
densities along the habitat size gradient. This pattern is probably caused by their inherited
(Short and Fikacek, 2013) tolerance to very wet habitats and therefore the ability to utilize

whole dung pat regardless the dung moisture.
Preferences of ecological groups to sizes

All ecological groups of the inner community increased in numbers along the dung volume
gradient. However, there was a difference in strength of this response among individual
ecological groups. The pattern of ecological group selection along the volume gradient was
also observed in the carrion community (Anderson, 1982), where the competitively dominant,

food monopolizing Nicrophorinae (tunnellerss) was concentrated in the small carcases, while
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competitively inferior, food non-monopolizing Silphinae (dwellers) was concentrated in the
large carcases.

In our study, similar differences in response of the ecological groups on the dung pat
volume, was observed in saprophages. Ecological groups with the same size selection in
majority of their constituent species were formed by tunnellers and generalists. The tunnellers
were the most abundant in the smaller pats, especially during the spring season. This
preference is probably caused by their breeding activity, as the adults transport the dung to the
underground tunnels (Halffter and Edmonds, 1982). The dung matter dries quickly during the
first day of exposition, especially in the smaller pats rather than in large pats (Landin, 1961).
This drier, but still nutritionally valuable dung matter is easier to be transported to the nests
compared to the liquid dung matter from much moister larger pats (Gittings and Giller, 1998).
The generalists, on the other hand, preferred the larger pats. Their larvae develop in other
decaying resources rather than dung and the dung pat is used only as the adults’ nutriment
(Hanski and Cambefort, 1991). Therefore, we may assume that larger pats are more findable
(Finn and Giller, 2000) and exploitable as bigger and longer lasting food source than smaller
pats (Landin, 1961).

The third group with similar size selection in the majority of their constituent species
is omnivores. Overall, the omnivorous group showed the biggest correlation with the habitat
size, even more than the whole saprophagous group. Therefore, we may assume that the
omnivorous and the saprophagous species decrease their competition by separation to
different parts of volume when occurring in the same part of the temporal gradient. In
addition to this, omnivores, due to their possible tolerance to high moisture (Short and
Fikacek, 2013) can use the long-lasting larger habitat, where they live probably in the liquid
central part of the dung pats (personal observation). There was one exception to that pattern,
the omnivorous Megasternum concinuum, which preferred very small dung pats. This species
is rather saprophilous than coprophilous (Hansen, 1987). The really small dung pats decay
more rapidly, and therefore provide better habitat for that species.

In the surface community, the majority of ecological groups displayed an increase in
abundance along the dung pat volume once again. Similar to the inner community, the
generalists were strongly correlated with increasing dung pat volume. Like their beetle
counterparts, the fly relocators use dung pats only as adult food source (Erzinclioglu, 1996)
and therefore forage for the big, longer lasting larger pats. Although two late succesional
relocator species had optima in smaller dung pats, they were several-times less abundant than

other species. The main, most abundant groups of dipteran dwellers, Calyptratac and
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Acalyptratae flies, occurred across almost the whole gradient. However, in the period of their
main activity (summer) (Sladecek et al., 2016), dipterans prefer the larger pats. It may be
caused by the fact that their larvae live, similarly to omnivorous beetles, in the liquid centre of
the dung pats (personal observation). Although this large volume preference did not
correspond to the volume preference in the inner community, we may assume that this could
be caused by increased predation in the large dung pats. The Nematocera and other dipteran
dwellers were negatively correlated with increasing volume. Those species, similarly to
Megasternum concinuum, are rather more saprophilous and therefore preferred rapidly
decaying smaller pats (Hammer, 1941). Contrary to the inner community, the omnivores in
the surface community did not display any trend along the volume gradient. Additionally,
dwellers and relocator beetles were scarce during summer. This seasonal separation could
facilitate the dipteran survival, since the beetles were observed to destroy the dipteran eggs
while moving in the galleries under the dung crust (Wu & Sun, 2010).

Although the habitat size explained the separation of some ecological groups, there are
still several groups, which species occurred in the same temporal period and are distributed

across the whole volume gradient.
Distribution of co-occurring species

In this study, we present the pattern in which species occurring in the same temporal
phase and utilizing the resource similarly (saprophages, predators, omnivors) are generally
separated by their preferred habitat size (dung volume). This correspond to community
separation among Schoener’s axes (Schoener, 1974), where saprophage beetles (spring,
autumn) (Sladecek et al., 2013) are separated from saprofage dipterans (summer) (Sladecek et
al., 2016) among the season axis, and the rest of co-occurring species are separated among the
habitat size axis. Additionally, these temporarily grouped species are in some cases closely
related (precisely congeneric species) or belong to the same ecological group (e.g.
Scarabaeidae dwellers, Staphilinidae dwellers). Therefore, there could be intense competition
between these species, since they compete for the same part of the resource (Burns & Strauss,
2011; Violle et al., 2011).

The most prominent size separation was among dweller of genus Aphodius and
Staphylinidae dwellers. The competition between those species could be intense, especially in
the larval stadium (Finn and Gittings, 2003), because larvae stay in the gradually decaying
resource (Landin, 1961) for considerably longer time than adults (Finn and Giller, 2000).

Moreover, although their larvae are coprophagous, there is evidence that the larvae (e.g. genus
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Aphodius) are able to kill each other (Madle, 1934). Therefore, the separation of these species
across the habitat sizes should considerably decrease their competition. Similar separation of
species utilizing the resource similarly and occurring in the same time period was also
observed in genus Aphodius and Oxythelus (Staphylinidae dwellers), and between tunneller
Onthophagus coenobita and other species of Onthophagus genus (Sowig, 1994). In our study,
many other groups of species were recorded to occur in the same temporal period, while being
in some way closely related (taxonomically or ecologically). The second widest group (after
dwellers) which shows this pattern is formed by predators. The difference in preferred habitat
volume is observed almost across all temporally related species. The intraguild predation
(Arim & Marquet, 2004; Holt & Huxel, 2007) is a possible explanation of the separation of
the predators. The pattern of size separation is also applicable to omnivorous Hydrophilidae
beetles. Although they are separated in the larger part of volume, there is still significant
separation among the habitat sizes. The adults could compete for the dung as the resource,
similarly as dwellers and larvae not only compete for living prey, but also regularly kill the
larvae even of the same species (Sowig, 1997). Accordingly, we assume that in the
community of Hydrophilidae larvae beetles could also play a role an intraguild predation
phenomenon (Arim & Marquet, 2004; Holt & Huxel, 2007). Again, this separation could
consequently decrease the competitive pressure. Similar separation of the group which is
separated in the larger dung pats is observed in the Diptera dwellers, especially in their main
active season (summer) when the competition could be enormous.

However, it is yet unclear how those species choose their optimal habitat size. Based
on the previous work (Peck and Howden, 1984, Gittings, 1994), the species average weight

seems to be a potential determinant.
Relationship between the size of the habitat and weight of the species

In Scarabaeidae dwellers, and possibly also in the Staphylinidae dwellers, the preference for
habitat size is supposed to be correlated with the species average weight. This was observed
in tropical Scarabaeidae (Peck and Howden, 1984), and also in some Aphodius species in the
temperate (Gittings, 1994) zone. Although some smaller beetles (Aphdius pusillus, A. ater)
preferred small pats, and some bigger species (Aphodius fossor, A. rufipes) preferred larger
pats, the correlation between the weight of species and the habitat size was not significant in
the saprophagous and omnivorous beetles in our study. Nevertheless, the body size of a beetle

would be the best explanation for the dung volume preference, because only small species are
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able to develop in the smaller dung pats due to their faster and less nutritionally demanding
development (Scholtz et al., 2009).

On the other hand, predator species displayed positive correlation between the habitat
size and the weight of species, with large species being the most abundant in large pats, and
small species being the most abundant in small pats. Additionally, the predators did not
strictly follow their potential prey (by preferring the same habitat sizes in the same time
periods). This pattern could mean that either the predators are prey generalists (Walsh and
Cordo, 1997), preying on anything that enters their dung pat size, or the smaller species might
be subjected to the sever competition or even predation from the very big predators (Arim &
Marquet, 2004; Holt & Huxel, 2007; Michel et al., 2016; Valiela, 1974). Moreover, there is
one simple explanation, that the bigger predator needs bigger amount of food, which is

accessible in the larger dung pats.
VIII. Conclusion

This study presents the importance of habitat size as a community-structuring element in the
temperate coprophilous insect community. The increasing abundances and species richness
along the size gradient were expected, simply because of better dung findability and stability
of larger dung pats. However, the density of dung-inhabiting community displayed a
significant decrease, which supports the low density refuge effect in large dung pats.
Additionally, ecological groups and species with similar ecology were separated across the
size gradient. This separation was most prominent among ecologically similar coprophagous
species, who occurred at the same time (in succession and season). The predatory species
were separated according to their body size along the habitat size gradient, with large species
present in large pats and small species present in small pats. The habitat size therefore plays
probably an important role in maintaining the high numbers of ecologically similar species in
ephemeral habitats, since, contrary to temporal gradients which separates the large ecological
groups, it should facilitates the coexistence of ecologically similar species in individual

temporal points.
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Fig. Al Linear regression models of dung-inhabiting species

and density trends along the gradient of dung pat volume. Both x- and y- axes are log-

transformed. A,B,C panels represent the inner community, D, E, F panels represent the

density.

surface community. A, D = abundance, B, E = species richness, C, F
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Tab. A1 The list of all analyzed species and morpho-species in both inner and surface

communities. Abbreviations of species correspond with XY plots (Fig. 3). Weights were

measured only in the inner community. Ecological groups: 1) Inner community: S

saprophage, P = predator, O = omnivore, Tun = tunneler, Gen = generalist, DwScr
dweller Scarabaeidae, DwStap = dweller Staphylinidae, DwDipt = dweller Dipteran, Hydr =
Hydrophilidae, Dipt = Diptera; 2) Surface community: S = saprophage, P = parasitoid, O =
omnivore, Gen = generalist, DwCal = dweller Calyptratae, DwAcal = dweller Acalyptrata,

DwNem = dweller Nematocera, DwOth = dweller other.

Species (morpho-species) Abbreviation Ec;)rlgf;cal pgfaezlefitce Abundance  Weight (mg)
Inner community

Onthophagus coenobita OnthCoen S - Tun 1,5 12 21,9300
Onthophagus joane OnthJoan S - Tun 1 226 5,5740
Onthophagus ovatus OnthOvat S - Tun 0,75 962 6,7925
Aphodius distinctus AphDis S - Gen 2 9 2,3375
Aphodius erraticus AphErrat S - Gen 0,75 158 7,9120
Aphodius prodromus AphProd S - Gen 3 52 4,8980
Aphodius sphacelatus AphSph S - Gen 1,5 89 3,6570
Aphodius sticticus AphStic S - Gen 1 7 3,2200
Aphodius ater AphA S - DwScr 0,5 35 4,9800
Aphodius depresus AphDep S - DwScr 3 6 10,6500
Aphodius fimetarius AphFim S - DwScr 1 2934 9,8150
Aphodius fossor AphFoss S - DwScr 2 384 28,9500
Aphodius haemorrhoidalis AphHaem S - DwScr 1,5 502 2,5955
Aphodius luridus AphLur S - DwScr 0,5 8 9,6080
Aphodius pusillus AphP S - DwScr 0,5 378 1,1495
Aphodius ruffus AphRufus S - DwScr 1,5 95 7,4800
Aphodius rufipes AphRufip S - DwScr 1,5 203 34,6000
Aphodius subterraneus AphSub S - DwScr 1,5 13 10,4500
Oxyomus silvestris OxySil S - DwScr 1 13 0,7650
Anotylus rugosus AnotRug S - DwStap 2 179 0,6435
Anotylus tetracarinatus AnotTetr S - DwStap 1 2188 0,0930
Megarthrus denticollis MegDent S - DwStap 3 14 0,1880
Megarthrus depressus MegDep S - DwStap 1 10 0,2100
Platystethus arenarius PlatAre S - DwStap 1,5 1423 0,3945
Anthomyiidae Antho S - DwDipt 0,5 21 1,0492
Musca autumnalis Musca S - DwDipt 1 6577 6,5045
Saltella nigripes SaltNig S - DwDipt 0,75 13 1,6005
Saltella sphondylii SaltSpon S - DwDipt 2 1529 0,6989
Sarcophaga spp. Sarco S - DwDipt 1 30 1,8885
Sepsis spp. Sepsis S - DwDipt 1,5 21 1,1880

44



Aleochara intricata
Atheta longicornis
Atheta sp 1

Atheta sp 2

Atheta sp 3

Authalia impresa

Emus hirtus
Gyrohypnus angustatus
Gyrohypnus fracticornis
Hister unicolor
Margarinotus ignobilis
Margarinotus ventralis
Ontholestes murinus
Philonthus coprophilus
Philonthus cruentatus
Philonthus marginatus
Philonthus politus
Philonthus rotundicollis

Philonthus sanguinolentus

Philonthus splendens
Philonthus varians
Philonthus varius
Tachinus lignorum
Tachinus signatus
Cercyon castaneipennis
Cercyon haemorrhoidalis
Cercyon impressus
Cercyon lateralis
Cercyon melanocephalus
Cercyon pygmaeus
Cercyon quisquilius
Cercyon unipunctatus
Cryptopleurum crenatum
Cryptopleurum minutum
Megasternum concinuum

Sphaeridium bipustulatum

Sphaeridium lunatum

Sphaeridium scarabaeoides

Mesembrina meridiana
Surface community
Hebecnema nigricolor
Hebecnema vespertina
Chloropidae spp.
Lucilia caesar

Alelnt
AtheLong
Athespl
Athesp2
Athesp3
AutImp
EmusHirt
GyroAng
GyroFrac
HistUn
Marglgno
MargVent
OntMur
PhilCop
PhiCruen
PhilMarg
PhiPol
PhiRotu
PhiSang
PhiSple
PhiVans
PhiVius
TachiLig
TachiSig
CerCast
CerHaem
Cerlmp
CerLat
CerMel
CerPyg
CerQuis
CerUni
CryptCre
CryptMin
MegaCon
SphBipu
SphLun
SphScar
MesM

HebeNig
HebeVes
Chloro
LucC
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146
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711
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1186
295
831

5385
677

2047

1003

12

1815

2774

3153
2202
4554

126

41
135
24
158

1,6850
0,2867
0,2245
0,1267
0,1617
0,1260
107,2333
0,5800
1,5950
26,9200
6,1040
8,5445
12,2900
1,3595
2,2045
3,7250
5,7245
2,0083
2,1555
10,5900
1,5980
1,5870
1,6895
1,8038
1,8955
0,9030
1,4365
0,7785
0,5920
0,1610
0,5045
0,7550
0,5300
0,3895
0,3560
3,8655
10,1100
10,7850
39,1950



Anthomyiidae spp. Anth S - DwCal 2 71
Musca autumnalis Musca S - DwCal 3 162
Ravinia pernix RavPer S - DwCal 3 8
Sarcophaga spp. Sarc S - DwCal 3 21
Coproica acutangula CoA S - DwAcal 3 1323
Coproica ferruginata CopFe S - DwAcal 4 68
Chaetopodella scutellaris ChSc S - DwAcal 3 1236
Lotophila atra LotAt S - DwAcal 2 168
Madiza glabra MadGla S - DwAcal 1 169
Meoneura spp. Meo S - DwAcal 2 24
Saltella nigripes SaltN S - DwAcal 4 99
Saltella sphondylii SaltS S - DwAcal 3 187
Sepsis cynipsea SepCyn S - DwAcal 3 848
Sepsis duplicata SepDup S - DwAcal 2 828
Sepsis punctum SepP S - DwAcal 3 240
Sepsis thoracica SepTh S - DwAcal 3 31
Sphaerocera curvipes SphCur S - DwAcal 2 19
Chironomidae spp. Chir S - DwNem 2 131
Scatopsidae spp. Scatop S - DwNem 1 5
Sciaridae spp. Sciar S - DwNem 2 29
Phoridae spp. Phor S - DwOth 1 33
Syrphidae spp. Syrphid S - DwOth 3 7
Hebecnema umbratica HebeUm 0O 2 100
Mesembrina meridiana MeM 0O 4 13
Myospila meditabunda MyoMedi (0] 1 49
Scatophaga stercoraria ScatSter O 2 28
Braconidae spp. Brac P 1 16
Diapridae spp. Diap P 2 8
Figites spp. Figit P 3 7
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