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Uvod

Pedobiologie je ekologicka disciplina, ktera se zabyva biologii ptidnich organizm0. Prvni
pedobiologické prace vznikly az v osmdesatych letech XIX. stoleti, do té doby pfevazoval v biologii
popisny pristup taxonomicky, anatomicky, morfologicky, fyziologicky a embryologicky. Mezi nestory
pedobiologického vyzkumu patfi bez pochyb i Charles Robert Darwin (1809-1882), ktery studoval
tvorbu pldy ¢innosti Zizal (Darwin 1881). Ved| jej k tomu postreh, Ze stran, kterou si z détstvi
pamatoval jako hodné kamenitou, je o nékolik desetileti pozdéji relativné zazemnéna. Neboli Zze
kameny, které o sebe pfi doslapu skfipaly, nyni neskfipou, jelikoZ jsou nyni vice zanotené v zeminé.
Studoval proto proto podrobnéji toto zazemnovani a popsal, jak si (anektické) Zizaly vtahuji listovy
opad do chodbicéek a jak vylucuji na povrch pldy své exkrementy.

V Némecku pusobici rakouskouhersky pfirodovédec Raoul Heinrich Francé (Rudolf Heinrich
Franze, 1874-1943) ve své studii o ekologii paddnich mikroorganizm( zaved| pro né termin edaphon
(Francé 1911, 1913). Toto oznaceni vztahl ve druhém vydani své monografie na vSechny organizmy
vazané svym zpUsobem Zivota na padu (Francé 1921). Termin edafon (odvozeny z feckého £€daoc)
je tudiz z historickych divodu dobie etablovany v némciné, ale také je pouZzivany v madarsting,
cestiné, slovensting, francouzstiné, portugalsting, ¢i rumunstiné. V angli¢tiné vsak pfilis
nezdomacnél (ale viz napf. Gallagher a Daiber 1973), proto se dnes v literature (prevazné anglicky
psané) setkavame nejcastéji s oznacenim soil fauna. Pudni fauna je obvyklé oznaceni pro Zivocichy,
ktefi obyvaji pldni prostiedi. Za typické predstavitele proto povazujeme druhy, které se vyskytuji
v padé, at jiz v jejich svrchnich vrstvach véetné nadlozniho humusu, ¢i v hlubsich mineralnich
vrstvach. Do pudni fauny se viak nezarazuji obyvatelé jeskyni. PrestoZe Sirsi definice jeskyné
zahrnuje vSechy ptirozené vzniklé podzemni prostory, obvykle za jeskyné povazujeme prostory,
které jsou schopné pojmout ¢lovéka.

Jiny pfistup ke klasifikaci pldni fauny sleduje taxonomickou pfislusnost druh k vyssim
taxonlm, které bud'jsou, ¢i nejsou povazovany za typické predstavitele obyvatele pldy. BéZnymi
priklady jsou napftiklad Zizaloviti (Lumbricidae) ¢i chvostoskoci (Collembola). V padé je vsak mozné
najit zastupce velkého mnozstvi povrchovych a dokonce i vodnich taxond (napt. Schlaghamersky a
Kobeti¢ova 2005) a je proto na vyzkumnikovi, jak se s takovymito druhy vyporada.

Prvni problém si mUzZeme predstavit na broucich (Coleoptera). Vétsina takzvanych edafickych
druhl brouktd obyva pladni prostiedi pouze béhem svého larvalniho vyvoje. Larvy se vSak od
dospélcli hodné lisi (pfinejmensim u hmyzu s dokonalou proménou, taxonu Holometabola), coz
jejich determinaci komplikuje, jelikoZ vétSina entomologli se zaméruje na urc¢ovani dospélct a
determinacni literatura pro larvalni stadia je omezena na nékolik malo skupin. Proto larvy broukd,
ale i dvouktidlého hmyzu, obvykle vystupuji v ekologickych studiich zamérenych na pidu pouze jako
vyssi taxon, jehoZz vyznam byva podcernovan a za echtovni pldni faunu se ¢asto nepovazuji. Pldni
biologové je vétsinou (alibisticky) opomijeji s tim, Ze dospélci vlastné Ziji mimo pldu a proto vyznam
téchto druhd v pldnich procesech je relativné omezeny.



Druhym dlivodem k vylouceni fady obyvatel pud je jejich pomérné pasivni role v plidnim
subsystému. Prikladem mohou byt kvétolib vceli ¢i brehule Fiéni. Tito Zivocichové v plidé hloubi nory
z dGvodu ochrany svého potomstva. Zadné jejich vyvojové stadium se neZivi detritem, nelovi ostatni
obyvatele pldy, ani jejich exkrementy nijak zasadné nepozménuji pddni chemizmus. Nory a chodby
takovychto druhl jsou obvykle relativné kratké a nepfispivaji tak vyznamné k aeraci pldy,
zasakovani srazkové vody, ani k bioturbanci. Jejich vyznam pro pedogenezi je tudiz minimalni. Do
této kategorie obvykle spadaji také (nejen drobni) savci a plazi, ktefi si hloubi nory, fada druh(
hmyzu, které v ptidé zimuji apod.

Dalsi zpUsob, jak Ize definovat padni faunu a vyhnout se ,,nezadoucim® zastupcim, je
metodologicky ptistup. Za pldni bezobratlé jsou povaZovani ti, kteti se nejlépe chytaji pomoci
klasickych pedozoologickych metod a nikoliv pomoci metod jinych. Nékteré mnohonozky lze sice
najit na vétvich strom( nejen v tropech, ale i v mirném pasu (Short 2015), ale obvykle se
mnohonozky chytaji do zemnich pasti, proto je povazujeme za pUdni faunu. Tento pfristup je
nejrozsirenéjsi, protoze poskytuje vyzkumnikovi ,,dlivod” neobtéZovat se determinaci ¢melaka, Zab,
saranci ¢i sykorek (Andéra, pers. com.), které se (spiSe omylem ¢i nestastnou ndhodou) chyti do jeho
padacich zemnich pasti. Na druhou stranu takovyto pfistup obecné zamlZuje nase pozndni a
informace o zplsobu Zivota nékterych druh( jsou hodné kusé, i zkreslené. Pfikladem mohou byt
chlupule, které se mohou hojné vyskytovat na vétvich kerd a strom(. Klasicky entomolog, ktery
sklepava z vétvi hmyz, tyto mnohonozky ignoruje a informaci o zachytu neuvadi. PGdni zoolog,
vénujici se mnohonozkam, vsak tyto chlupule potka jen relativné zridka — obcas v opadu, obvykle
pod kdrou na Upati stromu i padlého kmene, kde mlZe najit i jiné druhy mnohonoZek. Kazdopadné
to vede k situaci, kdy specialista na danou skupinu vzorkuje pouze obvykla mikrostanovisté a
nezaznamena v terénu pritomnost dalSich druh( a jiny specialista, ktery néjaky konkrétni druh
potkdava v atypickém (dle jeho ndzoru) prostiredi pravidelné, mu nevénuje Zzadouci pozornost. To je
dlvodem, proc by se i padni zoolog mél snazit vyuzZivat méné obvyklé metody sbéru a vzorkovat
rlznymi zpUsoby. Metodologii vzorkovani pldnich bezobratlych, zhodnocenim efektivity
jednotlivych metod a pfedstaveni nékterych méné obvyklych metod se vénuje dalsi kapitola této
prace. Po ni nasledujici kapitola se vénuje ekologickym souvislostem edafického zplisobu Zivota a
behavioralnim adaptacim, které ZivocCichlim takovy Zivot umoznuiji.



Metody vzorkovani ptidnich bezobratlych

Kdyz odhlédneme od predchozi kapitoly, mGzeme prijmout za své obvyklé obecné tvrzeni, Ze pldni
fauna obyva pudni profil a vrstvy nadloZzniho humusu. Tomu odpovidaji béZzné metody vzorkovani
padni fauny.

Nejjednodussi metodou je tzv. individualni sbér, na ktery byli odkazani prirodovédci az do
konce XIX. stoleti. Spociva v chytani jednotlivych Zivocichl pomoci pinzety, exhaustoru, pfipadné
Stétecku. Jedna se o metodu ¢asové narocnou a Spatné kvantifikovatelnou. Vyzkumnikova pozornost
je zamérena hlavné na vétsi a napadnéjsi druhy, mensi a/nebo hloubéji Zijici jedinci jsou obvykle
prehlédnuti. Na druhou stranu lze timto jednoduchym zplsobem nasbirat potfebny pocet Zivocichu
napfiklad na experimenty. Individudlni sbér je v kombinaci s dalSimi metodami a pomUckami
vhodnou metodou pro provadéni faunistické inventarizace. Pro potieby ekologické inventarizace i
biomonitoringu se vSak nehodi, protozZe se jednd o metodu Spatné opakovatelnou. Individualni sbér
je ale neocenitelnou metodou pfi vzorkovani fauny v atypickych prostredich, kde si nemlzeme
dovolit aplikovat jiné meotdy. Dobrym ptikladem jsou napfiklad skleniky ¢i botanické zahrady,
obecné prostory, kde se dba na estetickou stranku prostredi, které je verejnosti hodné na ocich.

V téchto prostorach jsou jiné metody obvykle povazovany za velmi nezadouci. Naproti tomu
individudlni sbér napftiklad ve sklenicich mize ptinést zajimava prekvapeni (Decker a kol. 2014,
Danyi a Tuf 2016).

Mnohem sofistikované;jsi metodou je vyuZiti tzv. padacich zemnich pasti. Do ekologie je uved|
Herbert Spencer Barber, ktery v roce 1931 publikoval praci o jeskynnich bezobratlych, nachytanych
pomoci padacich pasti s navnadou. ZdUraznil v této praci, Ze pouze systematicky dlouhodoby odchyt
(idealné v pribéhu celého roku) mize poskytnout predstavu o velikosti a dynamice populaci
jednotlivych druh(, a vyzyval ¢tenére k vyuzivani pasti poukazovanim na jejich vysokou efektivitu
lovu ve srovnani s individualnim sbérem (Barber 1931). Jim uvedené pasti, zakopané sklenéné tuby
jez ustily na povrch substratu, obsahovaly fixa¢ni tekutinu rGznych druh( (jejich vhodnost v praci
posuzoval) a ndvnadu z hnijiciho masa pro lakani brouk(. Dnesni pasti jsou obvykle bez navnady, aby
nezkreslovaly reprezentativnost odchyceného vzorku celkového spolec¢enstva a nenadhodnocovaly
pocetnosti pfildkanych druhd. Pasti s navnadou jsou vhodné pro faunistickou inventarizaci, pro
vyzkum v jeskynich, kde jsou obecné nizké abundance bezobratlych, ¢i je Ize opakované pouZivat pfi
biomonitoringu konkrétnich druh(.

Zemni pasti maji fadu vyhod. Hlavni vyhodou je jejich dobra kvantifikovatelnost, kdy Ize
srovnavat ulovky z jednotlivych odchytovych obdobi a také z rliznych lokalit. Je vSak nutno si
uvédomit, Ze se nejedna o pfima data o abundanci jednotlivych druh, jelikoz tyto druhy se lisi nejen
svymi pocetnostmi, ale také svou epigeickou aktivitou (Tuf a kol. 2012), ochotou padat do zemnich



pasti (Halsall a Wratten 1988, Topping 1993, Gerlach a kol. 2009a, 2009b) i schopnosti z téchto pasti
opét uniknout (Petruska 1969). Pokusy vytvofit vztah mezi trapabilitou druhu a jeho abundanci jsou
sporé a diskutabilni (Clark a kol. 1995, Zhao a kol. 2013, Shi a kol. 2014).

Velkou vyhodou je ale jejich snadnd instalace, ¢asové nenaro¢na obsluznost a financni
dostupnost. Zemni pasti chytaji epigeon v terénu i bez nasi pfitomnosti, proto se pfilezitostné
vyuzivaji i pro dlouhodobé vzorkovani chudych spolecenstev. Timto zplsobem lze ziskat velmi
zajimavy materidl napfiklad z vrcholovych partii vysokych hor, ze suti a podobné. Naproti tomu
vyznamnou nevyhodou zemnich pasti je jejich neselektivnost. Pfed instalaci je vhodné si rozmyslet,
jakym zplsobem zurocit material necilovych skupin pldni fauny (New 1999). Také je vhodné pokusit
se zabezpedit pasti proti vniknuti drobnych obratlovcd, jejichZz usmrcovani je v rozporu se zakonem
114/1992 Sh. Pouziti poklopu z draténého pletiva se jevi jako vhodné opatfeni, nicméné ¢asto
zabrani vniknuti nejen drobnych savcu, ale také velkych stfevliki. Podobné poklopy doporucoval jiz
Barber (1931) proti drobnym savcim i velkym jeskynnim cvréklim. Druhou moZnosti je pouziti
nalevek, které vyznamné snizuji pocet odchycenych drobnych obratlovcl (Lange a kol. 2011).

Velmi vyznamnym, le¢ zhusta prehlizenym problémem zemnich pasti je nespocet jejich
modifikaci, které ovliviiuji velikost a reprezentativnost jejich tlovku. Vhodné je pred instalaci
zohlednit fadu parametrd zemnich pasti. Pokud z jakéhokoliv divodu nemGzeme ¢i nechceme vyuzit
doporuéenou metodiku (napt. Janackova a Storkdanova 2004), je vhodné alespori prostudovat
metodiky predchozich studii, se kterymi budeme vlastni data srovnavat. Problematice posouzeni
kvality této metody bylo vénovano nespocet publikaci (Adis 1979, Spence a Niemela 1994, Knapp a
RGzicka 2012, Siewers a kol. 2014, Baini a kol. 2016, Brown a Matthews 2016, Knapp a kol. 2016).

Na kvalitu i kvantitu ulovku totiz ma vliv uz samotna instalace zemnich pasti. Pasti je
samoziejmé tfeba zakopat a k tomu Ize vyuzit bud'lopatky Ci ryce, nebo vrtaku. Dané zpUsoby se lisi
mnozstvim zeminy, ktera je po instalaci kolem pasti obnazZena. Vrtakem lze udélat perfektni otvor na
vsazeni sklenice, takzZe jeji okoli zlistane nedotéené. Lopatkou je obvykle nutno vykopat vétsi jamu,
ve které je past poté zafixovana vyjmutou zeminou. Tato Cerstvé vykopand zemina, ktera je obvykle
vlhkd a obsahuje mineraly, je atraktivni pro fadu druht bezobratlych, véené epigeonu a zplsobuje
tzv. digging-in effect. Ten se projevuje tak, Ze do Cerstvé zakopanych pasti pada vice Zivocichl nez
do pasti zakopanych dfive, coz nadhodnocuje Udaje o pocetnosti populaci a pozménuje strukturu
spolecenstev. Tento fenomén je dosud pomérné neznadmy a malo prostudovany (Digweed a kol.
1995), minimalizovat digging-in effect |ze pravdépodobné instalaci pasti delsi dobu pred za¢dtkem
vegetacniho obdobi a nechat je zpocatku uzavrené.

Dal$im problémem je konstrukce pasti. Past se m(ize skladat ze skla (oblibené jsou zavarovaci
sklenice Omnia o objemu 0,7 1), kovu (plechovky od konzerv) i plastu (PE lahev). Fixa¢ni tekutina
muzZe byt pfimo v pasti, nebo se ji naplni vloZzeny kelimek. Kelimek svym priimérem bud' presné
koresponduje s hrdlem pasti a tim padem v pasti visi, nebo je mensi a stoji na dné. Mezi hrdlo pasti a
stojici kelimek se pritom umistuje trychtyr. Obé konstrukcni Feseni maji své nevyhody, obecné vsak
do pasti s trychtyfem pada vice Zivocich(. Pfi¢inou je pravdépodobné , dlivéryhodnost” Sikmé plochy
trychtyre oproti svislé sténé vlozeného kelimku ¢i samotné pasti pro epigeon. Je doloZeno, Ze fada
pudnich bezobratlych dokaze zabranit vpadnuti do pasti s kolmymi sténami, prestoze uz v ni



vétsinou téla byla (Gerlach a kol. 2009a, 2009b, Frycka 2012). Typické je podobné ,vycouvani
visiciho zvifete” pro mnohonozky, stejnonozce i stonozky, jelikoZ maji hodné koncetin.

Zajimavym aspektem je barva zemni pasti. PfestoZe se u epigeonu nepfikladd barevnému
vidéni pfilis velky vyznam (na rozdil od opylovacl ¢i herbivor(, ktefi za letu vybiraji vhodnou
potravu), je doloZeno, Ze i barva padacich zemnich pasti ovlivni velikost Ulovku. Pavouci preferuji
bilou ¢i Zlutou barvu, suchozemsti stejnonozci naopak zelenou ¢i hnédou, respektive se ndpadnéjsim
barvam spiSe Uspésnéji vyhybaiji (Buchholz a kol. 2010).

Vyznam pro efektivitu ma i pramér pasti. Velké pasti sice maji teoreticky vétsi
pravdépodobnost, Ze je ZivoCich nemine a spadne do nich, naproti tomu vsak diky vétsi hladiné
fixacni tekutiny v pasti mGze byt tato past snadz detekovatelna a Zivocich se ji vyhne, nebo je do ni
nalakan. Je doloZeno, Ze napfiklad pro odchyt sekacu je vhodné pouzivat pasti s mensim priimérem
(Stasiov nepubl.). Etylenglykolové pasti s velkym priamérem pfildkaji absolutné vice strevlikd,
drabdcik( i pavoukl, byt pfi prepocétu na plochu pasti jsou malé pasti relativné Gcinnéjsi (Work a kol.
2002). Se zminénou detekovatelnosti pasti pfitom souvisi typ pouzité fixacni tekutiny. Vhodna
tekutina by méla byt schopna nejen zafixovat ZivocCicha v pasti (Cili jej pomérné rychle usmrtit), ale
také zafixovat (konzervovat) jeho télo proti rozkladu. Zaroven by méla byt pokud mozno levnd a také
Setrna vici Zivotnimu prostredi. Takova latka viak zatim nebyla objevena, proto se vyuziva fada
jinych, které maiji své jednotlivé nevyhody. Nejbéznéji se zfejmé vyuziva vodny roztok formaldehydu,
pricemz vsak formaldehyd je karcinogenni. Nahrazkou tak mGze byt ethylenglykol (ktery je drahy),
ethanol (ktery se rychle vyparuje), roztok kyseliny octové (ktery ucinné rozpousti vapenité soli
v kutikule stonoZkovcl a stejnonoZcll), voda (ve které material rychle maceruje) a podobné. Pfitom
napfiklad vyhodou etanolu je, Ze ma nizké povrchové napéti a bezobratli se v ném rychle utopi
(Szinwelski a kol. 2013). Nejen, Ze ani jedna latka neni z téchto uhll pohledu idedlni, jeSté navic se
liSi svou atraktivitou ¢i odpudivosti pro jednotlivé skupiny bezobratlych. Je znamo, zZe formaldehyd je
atraktivni pro nékteré druhy strevlik(, ale odpuzuje jiné strevliky a také sekace (Pekar 2002). Voda
mUze byt atraktantem hlavné v letnim obdobi, nebo napfiklad v suchém prostfedi Stredomofi
(Simaiakis a Mylonas 2006). V souc¢asné dobé navic ¢im dal palCivéji zesiluje poptavka po fixaéni
tekutiné, ktera zachovdva DNA pro nasledné genetické analyzy uloveného meteridlu (Szinwelski a
kol. 2012).

PFi planovani vyzkumu je také nutné uvazit vhodny interval vybéru Ulovku z pasti. Prilis ¢asté
vybéry se projevi destrukci nejblizSiho okoli pasti, pfilis dlouhé intervaly mezi vybéry vsak snizi
celkovy ulovek, protoZe z vétsi ¢asti zaplnéna past vétsinu Zivocich( olfaktoricky odpuzuje. Idealni
intervaly jsou obvykle jeden az tfi tydny (Schirmel a kol. 2010). Zaroven je vhodné si naplanovat
celkové trvani vyzkumu. Entomologové obvykle pasti vyuzivaji béhem vegetacni sezény (ca duben az
fijen), nicméné fada druhll mnohonozek, stonozek, sekacu ¢i dalsich je aktivni i v prabéhu zimy.
Nékteré hrbule (mnohonozky radu Chordeumatida) s jednoletym Zivotnim cyklem dosahuji pohlavni
zralosti v Unoru a béhem nékolika malo dni se pati a hynou (Meyer 1990). Determinace jejich
juvenilnich stadii na druhovou Uroven je pfitom nemozna a proto je nezbytné chytat napfiklad
mnohonozky po cely rok.



V neposledni fadé je nutné zvazit pocet instalovanych zemnich pasti a jejich rozmisténi
v terénu. Pocet pasti by mél byt kompromisem mezi fyzickymi schopnostmi vyzkumnika pasti vybirat
a tridit, mezi Unosnym zatizenim populaci mistnich druh odlovem a mezi schopnosti pasti zachytit
reprezentativni vzorek spolecenstev. Instalace velkého poctu pasti predstavuje zbytecné usmrceny
material a zbytecnou praci vyzkumnika, maly pocet pasti znamena maly pocet zaznamenanych
druhd. Naptiklad je doloZeno, Ze pétindsobné navyseni pasti (z péti na 25) zvysi pocet
zaznamenanych druh( stfevlik(i dvojnasobné (Obrtel 1971). Za idedlni pocet na jedné lokalité se
proto povazuje deset az patnact zemnich pasti (Sovis 2010). Rozmisténi pasti je pfitom také nutno
peclivé zvazit. Z praktickych ddvodu je obvyklé rozmistit pasti do ¢tvercové sité nebo do linie. Pasti
pfitom nesméji byt pfilis blizko u sebe, aby si ,nekonkurovaly”. Je doloZeno, Ze pasti leZici blizko u
sebe maji mensi Ulovky neZ pasti vzddlenéjsi. Prespfilis vzdalené pasti vSak prinaseji problémy
s jejich dohleddnim a zbytecné prodluZuji ¢as potfebny k jejich vybéru. Za idealni spon pasti v linii se
povazuje 10—20 m (Ward a kol. 2001).

Zvysit efektivitu pasti, neboli eliminovat problém prliméru pasti, jejich poc¢tu a vzdalenosti
mezi nimi, lze pomoci bariér, které usmérni pohyb Zivoc¢ichi smérem k pasti. Takovéto bariérové
pasti se sice pouzivaji hlavné pfi studiu migraci obojzivelnik(, nicméné neobvyklé nejsou ani pfi
studiu epigeonu (Winder a kol. 2001, Grgic¢ a Kos 2009, Hora 2010).

Zemni pasti jsou také opatteny stfiskou, kterd chrani past pred jejim zanesenim listovym
opadem. Stfisky viak vyrazné pozméniuji mikroklima v té&sném okoli pasti. Casto se pouzivaji
praktické strisky plechové, jejichz zahnuté rohy poslouzi jako podpéra strisky. Nicméné sviti-li na
tyto stfisky béhem dne byt kratkodobé slunce, je pod nimi pfili$ sucho a teplo. Takové prostiedi
mUzZe vyznamnou ¢ast potencialniho ulovku odradit, pod stfisku nevleze a pasti se tak vyhne.
Naproti tomu prirodni materidly, jako jsou vétve, klira, kameny, se nad past umistuji dosti
komplikované, nerovhomérné a lezi-li pfimo na povrchu zemé, mohou vytvaret bariéru branici
v pfistupu k vlastni pasti. V ekologickych studiich, kde vyzkumnik instaluje velké mnozstvi pasti, se
velmi Casto vyuzivaji papirové, polystyrenové Ci plastové strisky, jez jsou obvykle tvoreny tackem
z daného materialu pripichnutého dratem ¢i hiebiky nad past. Barva strisky velikost Ulovku
neovliviiuje (Buchholz a Hannig 2009).

Hlavni konstrukéni nevyhodou padacich zemnich pasti je skute¢nost, Ze odchytavaji pouze tzv.
epigeicky aktivni ¢ast padni fauny. Aby se do pasti Zivocich ulovil, musi prelézt jeji okraj, ktery je na
povrchu pady. Zemni pasti proto silné podhodnocuji abundance edafickych druh, které obyvaji
padni profil, ¢i dokonce tzv. Milieu Souterrain Superficiel, neboli systém podzemnich povrchu. Jedna
se o prostory, jeZ jsou pod povrchem pldy. Pfikladem mZe byt sutovy svah, na jehoZ povrchu se

z opadu vytvofila pldni vrstva. Ta pod sebou ukryva soubor skulin a Stérbin mezi podlozenymi
kameny. Tento fenomén se s ohledem na svétovy primat francouzské speleologie tradi¢né oznacuje
uvedenym francouzskym terminem a zkratkou MSS, jiz se prizpUsobil i pozdéji zavadény anglicky
termin Mesovoid Shallow Substratum (sloZzenina mesovoid se sklada z predpony meso- znacici



v dané souvislosti ,,stfedné velky” a kmene slova void znamenajici v tomto kontextu ,,dutina, por“).
Vzorkovani spolecenstev edafonu obyvajicich MSS je extrémné obtizné. Individudlni sbér mozny
neni, jelikoz v porézni suti ZivoCichové snadno prchaji hloubéji. Alternativou je zakopat padaci past
pod povrch pldy, inspekce pasti je vsak pfilis destruktivni a tudiZ tato past neni vhodna na
detailnéjsi a dlouhodobé prizkumy (Ruzicka 1992, Yamaguchi a Hasegawa 1996, Tuf a kol. 2008,
Pacheco a Vasconcelos 2012). Podobné malo efektivni jsou tzv. shingle traps jez tvofi uzavieny
kelimek s navnadou a vlhkym hadfikem, z néjz vede plastova hadicka zastréend do prostor MSS,
pukliny ve skdle a podobnych nedostupnych Stérbin (Barber 1997). Kelimek je nutno Casto
kontrolovat, aby se pfipadny ulovek navzdjem nezkonzumoval.

Vhodnéjsi a relativné nejsnazsi je instalace a kontrola tzv. drillings, neboli subterrannich
pasti. Jedna se o dlouhou plastovou trubku, ktera je zakopana ve vertikalni poloze tak, aby jeden jeji
konec ustil na povrch pady. Druhy jeji konec mlize byt tak hluboko, jak to situace na lokalité dovoli,
obvykle se hloubka pohybuje mezi 60 a 150 cm. Stény trubky jsou perforované v rliznych hloubkach
¢i po celém profilu. Dovnitf tohoto plasté se spoustéji kelimky s fixacni tekutinou. Takovy kelimek
mUzZe byt jen jeden, pri¢em?Z fixuje material vstupujici do pasti otvory po celé délce pasti, Ci jen
otvory v konkrétni hloubce. S ohledem na extrémni naro¢nost instalace téchto pasti napftiklad
v Zivych sutovych svazich je efektivnéjsi vyuzit soustavu kelimk{ na stfedové rozsroubovatelné
zavitové tyci. Tato soustava umoziuje v jedné pasti srovndvat aktivitu bezobratlych v rliznych
hloubkach. Klasické drillings s jednim kelimkem jsou pouzivany hlavné rumunskymi vyzkumniky
v krasovych oblastech (llie 2003a, 2003b), soustavy s vice kelimky vyvinuli Rakusani pro studium
bezobratlych v alpskych sutovistich a jsou vyuZivany v Cesku i na Slovensku (Laska a kol. 2011,
Rendos a kol. 2012, 2016). Vyhodou subterrannich pasti je moZnost ziskat zcela unikatni vzorky
spolecenstev, které jsou jinymi metodami nedostupné. Pomoci téchto pasti se naptiklad podafilo
zdokumentovat larvalni vyvoj strasnik (llie 2003a), sezénni vertikalni migrace plachetnatek
(Kopecky a Tuf 2013), probihajici evoluci pavoukt (RGZic¢ka a kol. 2011), ndhradni nizinné biotopy
pro horské a jeskynni stonozky (Tuf a kol. 2017) ¢i brouky (Gilgado a kol. 2014), unikatni druhy
pyrenejskych mnohonozek (Gilgado a kol. 2015), cesty kolonizace jeskynnich systém (Tuf a kol.
2008, Tajovsky a kol. 2013) atp.

Subterranni pasti jsou vSak velmi naro¢né na instalaci a prestoze poskytuji unikatni data o
distribuci a zplGsobu Zivota padni fauny, maji relativné nizkou uc¢innost — napfriklad celoro¢ni tlovek
stonoZek do tii pasti na jedné lokalité se pohybuje pouze v fadech jedincl az desitek jedinct
(Rendos a kol. 2016, Tuf a kol. 2017). Pro vzorkovani pGdnich bezobratlych ve svrchnich vrstvach
pudy je proto vhodnéjsi vyuZivat odbér pldnich vzorkd. Principem této metody je vyjmout
neporuseny vzorek o definované plose a hloubce a transportovat jej do laboratore k dalSimu
zpracovani. Diky tomu jsou padni vzorky idedlni metodou pro kvantitativni ekologii, protoze jako
jediné davaji pfimé informace o abundanci jednotlivych druhd bez ohledu na jejich aktivitu.

Volba vhodné velikosti a hloubky pldniho vzorku je zasadni pro spravné vyuziti této metody.
Velikost neboli plocha vzorku souvisi s abundancemi modelové skupiny, kterou se snazime studovat.
Z pochopitelnych ddvodu nejsou v zadné plvodni studii prezentovdna soucasné data o abundancich
napfiklad krytenek a mnohonozek. Krytenky (Arcellinida) patfi mezi ménavkovce (Amoebozoa) a



dosahuji v plidach abundanci radové miliont az stovek miliont jedincl na metr ¢tverecni, zatimco
mnohonozky dosahuji abundanci desitek az stovek jedincu. Proto je velikost adekvatniho padniho
vzorku pro krytenky nesrovnatelné mensi, nez vhodna velikost plidniho vzorku pro mnohonozky.

Z tohoto dlvodu se padni fauna klasifikuje do skupin podle své velikosti (mikro-, meso-, makro- a
megafauna), coZ odrazi také ekologické souvislosti jak jejiho vzorkovani, tak i pfipadnych
mezidruhovych interakci. PfestoZe kategorizace ZivoCichl podle jejich velikosti neni pfilis obvykla,
nelze tento pfistup povazovat za zcela ojedinély. Dokladem muze byt skupina nazyvana ,, drobni
savci“, ktera také zahrnuje pouze nékteré druhy vybranych radd, obvykle hlodavcli a hmyzozravcl
vazanych svou biologii na povrch pudy. Ospravedinénim pro tuto umélou kategorii je, podobné jako
u edafonu, shodna metodologie jejich odchytu (Zivolovné pasti, padaci pasti, sklapovaci pasti).
JelikoZ je tato klasifikace viceméné subjektivni, existuji regiondlni odliSnosti projevujici se pfipadnym
zahrnovanim letound, zajicovcu, drobnych Selem atp. Podobné se projevuje odlisné pojeti této
skupiny u ekologl a napftiklad veterinar( (Banks a kol. 2010).

Nevyhodou metody pldnich vzorkd je jejich objem, respektive hmotnost. Vzorek o hloubce
10 cm a povrchu /16 étveregniho metru, co? je vhodna velikost pro studium pidni makrofauny, vz
dle pldnich vlastnosti pfiblizné Sest az osm kilogram(. Pomineme-li fyzickou naro¢nost vlastniho
odbéru pldnich vzorkd, jejich hmotnost limituje celkovy pocet odebranych vzork(i na mnozstvi,
které jsme schopni fyzicky transportovat z terénu do laboratore. Logistika tohoto transportu je tudiz
dost zasadnim aspektem pedozoologického vyzkumu pomoci pldnich vzorka.

Dalsi nevyhodou metody pldnich vzorkd je jejich destruktivita. V lese je plda dosti kypra a
»jamy“ o priméru vice nez ¢tvrt metru a hloubce 10 cm jsou pomérné rychle vyplnény materidlem z
jejich zborcenych stén, listovym opadem a podobné. Na loukdch a pastvindch, kde je povrch pldy
protkan hustym korfenovym systémem travin, jsou vSak mista po odbéru vzorka dlouho viditelna a
napadnda. Podobné na polich je dopad vzorkovani ndpadny. Majitelé téchto pastvin a poli proto
nepovazuji pldni vzorky za pfilis vhodnou metodu. Na pastvinach dle nich udajné hrozi také
nebezpeci zranéni pasoucim se zvifatlim, odnos ornice z poli je trnem oku zvlasté majiteliim poli
ovlivnénych erozi. Zaroven je nutné si uvédomit, Ze abundance pldni fauny na polich a pastvinach je
vyrazné nizsi, nez abundance v lesnich pldach. Je proto vhodné zvazit pfinos této metody a vSechna
pfipadna negativa a zamyslet se nad pfipadnymi alternativami.

Vhodnou nahrazkou pladnich vzorkd mohou byt navnadové podzemni pasti. Vzorem pro
navnadové podzemni pasti je ekologickd metoda pro studium dekompozice. Ekologové vyuZzivaji pro
kvantifikaci dekompozice jednak prouzky celuldzy, jednak tzv. litter bags. Zatimco pomoci prouzkt
celuldzy se studuje hlavné celulolyticka aktivita pad (Cili mikrobialni rozklad), 1ze pomoci litter bags
posoudit i vyznam ¢lenovcu. Tyto sacky s opadem jsou vytvoreny ze sitoviny, ktera umoznuje
instalovat definované mnoizstvi opadu na lokalité a postupnym odebiranim jednotlivych sacka
stanovovat rychlost a pribéh dekompozice. Velikost ok v sitoviné mize také umoznit ¢i vyloucit
pfistup k opadu jednotlivym velikostnim skupinam edafonu, Cili mGZeme napf. posoudit vyznam
makrodekompozitord pro rozklad opadu. Tyto sacky s opadem jsou obcas vyuzivany i jako navnady
pro dekompozitory — jsou transportovany do laboratore, kde jsou z nich extrahovani chvostoskoci ¢i
roztoci (Pflug a Wolters 2001).



Podobné ndvnadové podzemni pasti pfedstavuje organicka hmota instalovand do pldy pod
jeji povrch. Primarné ji tudiz nekolonizuji zastupci epigeonu (vzorkovatelni snaze pomoci padacich
zemnich pasti), ale v pldé se pohybuijici zastupci edafonu. Organicka hmota je instalovana v sacku i
kapse z pletiva (kovového ¢i plastového, vhodna velikost ok je kolem 2 cm), do které se dava
optimalné seno, vietena vyloupanych kukuti¢nych klast ¢i jiny rostlinny material (Prasifka a kol.
2007). Organicky materidl je vhodné pred instalaci navlhéit a ponechat in situ po dobu dvou az tfi
mésicll. Pravé po osmi az deseti tydnech je v materidlu nejvy$si mnoZstvi zastupcd pldnich
bezobratlych (Tuf a kol. 2015b).

Jinou alternativou pudnich vzork( je metoda prosevu. Pomoci prosivadla je mozné
dosahnout redukce objemu a hmotnosti vzorku pfi snaze zachovat v ném pokud moZzno vSechny
Zivocichy. Pouzivané prosivadlo je zafizeni vyvinuté entomology, pfevaziné k ziskavani broukd.
VyuZiva se hlavné v proseviim opadu, nahromadéné organické hmoty, jako je trouch v dutinach
strom, lokalni akumulace hrabanky, mechovych polstar(i ap., principidlné je Ize vSak vyuzit i na
vzorky pudy. Hlavni vyhodou je velikostni selekce materialu, kde fragmenty substratu o velikosti
vétsi nez zajmova skupina jsou ze vzorku pomoci sita oddéleny a vyhozeny. Proces prosivani vsak
muze nékteré Zivocichy vyznamné poskodit. Brouci maji pfevdzné pevnou kutikulu a kompaktni tvar,
jehoz dosahnou i reflexnim pfitazenim koncetin a tykadel k télu pfi podrazdéni. Naprosti tomu rada
pudnich Zivoc¢ichl ma kutikulu mékkou a/nebo koncetiny a ostatni télni privésky relativné dlouhé
(vidli¢énatky, chvostatky, stonozky, stejnonozZci, hrbule).

Metoda pudnich vzork(, prosev( ¢i navnodovych pasti ma dalsi uskali — vyzkumnik ziska a do
laboratore transportuje substrat, ve kterém jsou schovani bezobratli. Jejich oddéleni od substratu
Ize dosahnout pomoci aktivnich ¢i pasivnich metod. Aktivni metody zahrnuji aktivitu vyzkumnika a
jsou obecné pracnéjsi. Vétsinou se vyuziva rucni rozbor vzorkda, ktery je fyzicky i Casové narocny a
prekvapivé neefektivni — dle nepublikovanych vysledk( Karla Tajovského se efektivita rozboru
pudniho vzorku u nezacvi¢eného pracovnika pohybuje kolem 10 % ZivoCich(l. Nicméné i zacvicena
osoba s delsi praxi dokaze ze vzorku vytfidit pouze okolo tfetiny zdstupcl edafonu. Efektivnéjsi je
rozbor prosevu, jelikoz ten je velikostné homogennéjsi, tudiz jsou ZivocCichové relativné napadnéjsi
(navic odpada potreba prohlizet zmét koren( ve vzorku). Jinymi moznostmi jsou promyvani vzorku
na soustave sit, rozplavovani v nasyceném cukerném roztoku (anorganicky material klesne ke dnu,
organicky material plave na hladiné) apod. Tyto metody jsou vSak nejen ¢asové narocné, ale

s vyjimkou ruéniho rozboru i relativné drahé.

Pasivni metody naproti tomu pfenaseji aktivitu vyzkumnika na vlastni ZivoCichy; ZivoCichové
se dokazi pohybovat, proto je stimulujeme k pohybu a snazime se je ze vzorku vypudit. Obvykle se
vychazi ze skutecnosti, Ze Zivoc¢ichové reaguji na pokles vihkosti substratu negativni geotaxi neboli
presunem do hlubsich vrstev. Tato strategie je v pfirodé vhodnou adaptaci na prezivani suchych
(letnich) mésicu, jelikoz v hlubSich vrstvach pudy jsou teplotni i vihkostni podminky stabilnéjsi a
priznivé;jsi. Pokud je vzorek (Ci prosev ¢i navnadova past) umistén na perforované podloZce



(napftiklad pletivu), Zivocichové mohou skrze tuto podlozku propaddvat do podstavené nadoby.
Zatizeni, kterd vyuzivaji tento princip, se jmenuji eklektory ¢i extraktory a byla do zoologické praxe
uvedena na pocatku minulého stoleti (Berlese 1905, Tullgren 1918). Do dnesni doby prosla tato
zafizeni mnoha vylepSenimi (zdrojem tepla k vysouseni Berleseho vzorkt byla horka voda) az

k soucasnym typUum s udrzovanym teplotnim gradientem a s regulovanym zesilovanym ohfivanim
(Tajovsky a Pizl 1998).

Padni zoologové maiji zjevné na vybér fadu metod pro vzorkovani spolecenstev. Pokud se vsak
jednotlivé metody lisi svou efektivitou, jak vybrat tu pravou? Existuje nékolik publikaci, které se
vénuji této problematice. Bud se jedna o patentované pom(icky a nastroje (zvlasté v Ciné se objevuji
soucasné patenty klasickych dosud nepatentovanych zafizeni), nebo podstatné vzacnéji doporucené
protokoly pro vzorkovani. Tyto protokoly obvykle vychazeji z vlastni zkuSenosti a jsou poplatné
pUsobisti autora (Kos 1988, Mesibov a kol. 1995, Means a kol. 2015). Mnohem vice praci je
zaméreno na srovnani dvou ¢i nékolika metod s doporuéenim té kvalitnéjsi (McFadyen 1955, van
Straalen 1983, Mesibov a kol. 1995, Mommertz a kol. 1996, Weeks a McIntyre 1997, Simmons a kol.
1998, Holland a Smith 1999, Isaia a kol. 2006, Prasifka a kol. 2007, Sakchoowong a kol. 2007,
Sélymos a kol. 2007, Bancila a Plaiasu 2009, Véle a kol. 2009, Sabu a kol. 2011, Shaw a Ozanne 2011,
Corti a kol. 2013), nékteré prace obecné upozornuji na nedostatky a omezeni Siroce vyuzivanych
metod (Adis 1979, Lemieux a Lindgren 1999, Lang 2000, Gotelli a Colwell 2001, Karaban a kol. 2012),
eventualné navrhuji kombinaci riznych metod (Querner a Bruckner 2010, Tuf 2015).

Zda se naprosto ziejmé, Ze ke kvalitnimu kvantitativnimu popisu taxocendz stonozek,
mnohonoZek ¢i suchozemskych stejnonoZzcl (tj. skupin obsahujici druhy s pfevazujici epigeickou
aktivitou i druhy s endogeickym zplUsobem Zivota) je nezbytné kombinovat vicero metod. Pro
dlouhodobéjsi studium je vhodné zkombinovat napfiklad metodu padacich zemnich pasti a tepelné
extrakce padnich vzorkl (Tufova a Tuf 2003, Tuf 2015). Pro faunistické potreby je vhodné vzorkovat
i ,atypické” mikrohabitaty, které mohou skryvat nékteré dalsi druhy s neobvyklym zplisobem Zivota.
Prikladem muzZe byt stonozka Lithobius borealis Meinert, 1872, ktera je odchytavana do zemnich
pasti relativné vzacné, protoze s oblibou Zije na stromech (Spitzer a kol. 2010, Bozani¢ a kol. 2013).
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Evolucni aspekty Zivota v padé

Symplesiomorfnim neboli fylogeneticky pdvodnim znakem vsech korysu je volné plovouci vodni
larvalni stadium. PfestoZe néktefi krabi (ca 2 % druh(i Fadu Decapoda) a ¢ast rliznonozc( Celedi
Talitridae (ca 3 % druhU fadu Amphipoda) jsou také schopni Zit v dospélosti mimo vodu (a vzacné se
mimo vodu i rozmnoZovat), pouze suchozemsti stejnonozci jsou vyssim taxonem (podiad Oniscidea),
kde je terestricky zpUsob Zivota v€éetné rozmnoZovani prevazujici strategii. Suchozemsti stejnonozci
predstavuji jeden z jedendacti podradud stejnonozcl, jejich druhova diverzita vsak predstavuje vice
nez tietinu (36 %) celkového poctu druh(i stejnonoZcli a dokonce pres 5 % vsech popsanych druht
koryst (Zhang 2013). To samo o sobé doklada rychlou evolu¢ni radiaci stejnonoZc(, ktefi objevili na
sousi volnou ekologickou niku.

Suchozemsti stejnonozZci nejsou pfilis casti ve fosilnich nalezech. Jejich vapenita kutikula neni
dostatecné chranéna voskovou epikutikulou (srovnatelnou s hmyazi ¢i pavoukovdi epikutikulou),
takZe na sousi Spatné fosilizuje a navic neni chranéna proti pryskyfici s jejim kyselym pH. Pfesto viak
mame nékolik nalez( v jantaru ze svrchni kfidy, obsahujicich dobfe adaptované stejnonozZce (Broly a
kol. 2013). Starsi nalezy v jantaru k dispozici nemame, jelikoz jsou obecné dosti vzacné kvali nizké
produkci pryskyrice u tehdejsich strom0. Nejstarsi svrchnokfidové fosilie suchozemskych
stejnonozcll pochazeji z jihozdpadni Francie, severniho Spanélska a Myanmaru, z podobného obdobi
pochazeji také cetné ischnofosilie. Ac¢koliv z nich neni jasné, zda je vytvorili stejnonoZci suchozemsti
¢i mofsti zastupci jinych podrad(, je zjevné, Ze néjaci stejnonoZci se pohybovali v jemnych nanosech
bahna v intertidaini zé6né a opoustéli tehdy vodu.

Nejstarsi fosilizovani stejnonoZci jsou znami jiz z karbonu, jedna se o zastupce bazalni skupiny
Phreatocidea. Podle molekularnich i morfologickych analyz je zfejmé, Ze vznik podradu Phreatocidea
nasledovalo odstépeni podiadu Asellota a po ném i Oniscidea. Zbylé podiady vznikly az pozdéji.
PFitom fosilni zastupci modernéjsiho podrfadu Sphaeromatoidea jsou dolozeni z triasu,
pravdépodobné i z permu. Z téchto neptfimych dokladu Ize vyvodit, Ze spolecny predchldce vSech
suchozemskych stejnonozct se vyskytoval nejpozdéji v permu (Broly a kol. 2013).

Nicméné existuji dalSi neprimé dlkazy toho, Ze suchozemsti stejnonoZci pravdépodobné
vznikli jiz v karbonu. Tim je vyskyt vSech hlavnich (tzn. velkych, druhové pocetnych) ¢eledi na vSech
kontinentech. JelikoZ suchozemsti stejnonoZci maji velmi nizky disperzni potencial (neuméji létat,
nejsou dobfi bézci, nevyuzivaji forezi ani balooning, nemaji odolna vyvojova stadia preadaptovana
k pasivnimu Sireni), velmi pravdépodobné osidlili tyto kontinenty v dobé, kdy byly tyto propojené,



tzn. béhem svrchniho karbonu, kdy se vytvofil superkontinent Pangea. Navic v tomto obdobi vznikly
také rozsahlé lesy, které produkovaly mnozstvi opadu. Vznik této nové niky (Zivot v lesni hrabance)
suchozemskym stejnonoZzcim umoznil zabydlet Zemi a mimoradné diverzifikovat. Spolecné
vyhodnoceni poznatkt z paleontologie, paleoekologie, paleobiogeografie i fylogeneze nam tedy
umoznuje pohliZzet na suchozemské stejnonoZce jako taxon vznikly v karbonu, Cili pred ca 300
miliony let.

Opusténi vodniho prostredi a pfesun na sous byl pro stejnonoZce spojen s vyresenim rady problém.
Zcela nejzasadnéjsi jisté bylo ochranit se pred vyschnutim. Tomu mohly napomahat preadaptace
spojené s velkym kolisanim hladiny ocedanu, které vedly k vysychani mélkych moti. S tim souvisely
zmény salinity moti a vznik adaptaci, které chranily Zivocichy pfed osmotickym vysusovanim ve
slanéjsi vodé. Druhou vyznamnou adaptaci spojenou s ochranou pred vysychanim byla redukce
dychacich povrchu. Nizké mnozstvi kysliku ve vodé vyzaduje relativné velky povrch Zabernich
lupink, naproti tomu obsah kysliku ve vzduchu dosahujici 35 % umoznil invaginaci dychaciho
epitelu dovnitf Zabernich lupink{ a jejich vyusténi pomérné malym otvorem (stigmatem).

Soucasni stejnonozZci zahrnuji i druhy, které jsou schopny zotavit se z vyschnuti, jez
predstavuje ztratu az 25 % jejich télesné hmotnosti (Carefoot 1993). PfestoZze hemolymfa obsahuje
jen 42 % celkového mnozstvi vody v téle stinky obecné (Porcellio scaber Latreille, 1804), podili se az
69 % na reverzibilnich ztratach vody této stinky (Edney 1968), coZz samoziejmé doprovazi také zmény
koncentrace iontli v hemolymfé. Stinka zedni (Oniscus asellus Linnaeus, 1758) dokaZe tolerovat
kolisani koncentrace NaCl mezi 1,59 % a 2 % (Bursel 1955). Zmény osmolality béhem vysychdani vsak
nejsou tak vyrazné, jak by odpovidalo pouze ztradtam vody. StejnonoZci dokdzi silné regulovat
osmoticky tlak v hemolymfé& aktivnim pfesunem iont(i Na* a CI" do zadniho stieva a hepatopankreatu
pomoci asociovanych makromolekul (Wright a kol. 1997). Proto hemolymfa m{ze fungovat jako
zasobnik vody béhem vysychani.

Dalsi vyznamné zmény ve zpUsobu Zivota suchozemskych stejnonoZcl spocivaly v pfesunu
potravni specializace ze stélek ras na rostlinna pletiva (respektive rostlinny opad) charakteristicka
pritomnosti sloZitych odolnych (Spatné stravitelnych) latek, jako je celuldza €i lignin. Velmi uzite¢nou
adaptaci pro traveni celuldzy se ukazala akvizice endosymbiotickych bakteri do traviciho traktu
(Zimmer a Topp 1998). Dalsi potravni naroky souvisely s nedostatkem prvk( (napt. Ca, Mg), které
ziskavaji morsti stejnonozci v nadbytku pfimo z vody.

Preadaptaci morského predchidce suchozemskych stejnonoZcli na Zivot na sousi bylo jeho
dorzoventralni zplosténi, které mu umoznilo pomérné energeticky nendroénou lokomoci (napf. ve
srovnani s lateralné zplostélymi blesivci). Velmi uZiteCnou preadaptaci, kterou sdileji vSichni vackovci
(Peracarida), je primy vyvoj spojeny s nosenim snlsky ve vacku (marsupiu) samic. Prestoze rada
koryst pecuje o snusku vajicek tak, Ze ji nosi pti sobé, vackovci se takto staraji i o prvni larvalni
stddia a Zivotni cyklus vackovcl tudiZz nezahrnuje volné plovouci larvu. Pfechod na sous u



suchozemskych stejnonozcl byl touto okolnosti zna¢né usnadnén. Nejstarsi fosilni doklad
pritomnosti marsupia a v ném se vyvijejicich larev u suchozemskych stejnonozci mame z mexického
jantaru starého 23 milion( let (Broly a kol. 2017), péce o potomstvo a marsupium u vackovcl vsak
pochopitelné vznikly podstatné drive.

Marsupium suchozemskych stejnonozcu je dvojiho typu. Primitivni zastupci (napf. rod Ligia)
maji marsupium otevrené na prednim i zadnim konci a volné jim vzlind voda z otevieného
vodovodniho systému na povrchu stejnonozce. Naproti tomu uzaviené marsupium pokrocilejsich
forem s vodovodnim systémem nesouvisi. Uvnif marsupia jsou prstovité vybézky (4—28) nazyvané
kotyledony, které do jisté miy maji stejny vyznam, jako kotyledony délohy savcu. Vyristaji ze
sternitll prvniho az patého pereonitu, prorlstaji mezi nakladena vajicka a poskytuji jim a posléze i
larvam vyzivu, kyslik a vapnik (Hoese a Janssen 1989). Dlouhé kotyledony se vyvijeji u druh(
obyvajicich humidni prostredi, zatimco vétsi pocet kratkych kotyledonu je typicky pro poustni druhy
(Lewis 1991). Marsupium teoreticky mGze brdnit volvaci, proto druhy, které se dokazi svinout do
kulicky, maji marsupium nevystouplé, ale bfisni strana téla samice je prohnutd dovnitf. Timto
zpUusobem navysi velikost snlsky, i pfi zachovani schopnosti svinout se, 0 10—25 % (Appel a kol.
2011).

Suchozemsti stejnonozci maji na svém téle tzv. water conducting system neboli vodovodni systém
(Hoese 1981). Ten se sklada z mélkych kanalkl plnych jemnych kolikovitych vyristk(. Hlavni kanalky
vedou podél téla po brisni strané pobliz bazi koncetin. Kanalek zacina u vyusténi maxilarnich Zlaz a
konc¢i u prvnich pleopod( (Carefoot 1993). RozliSujeme dva typy téchto systém:

e Typ Ligia je otevieny vodovodni systém. Moc¢ z maxilarnich Zlaz je vedena k pleopodiim a
konecniku, ve kterém je reabsorbovana. Béhem transportu se vyparuje ¢pavek. Stejnym
systémem je transportovdna i voda, ktera do systému vstupuje pomoci kapilarnich sil.
Ligia prilozZi k sobé dvé posledni kracivé koncetiny a vnofi je do kapky vody (Horiguchi a
kol. 2007).

e Typ Porcellio je uzavieny vodovodni systém. Kromé dvou podélnych kanalk( existuji jesté
pricné spojky na hibetni strané téla podél zadnich okraju tergitl. Moc cestou ztraci ¢pavek
a svlazuje dychaci povrchy pleopodtd (Hoese 1981).

Pravdépodobné vsichni stejnonoZci dokazi pfijimat vodu pitim a také ponofenim uropodd do
vody. Voda, kterd vzlind po uropodech, svlazuje pleopody, pfipadné je absorbovana v konecniku
(Spencer a Edney 1954). Pfijem vody uropody pritom svym vyznamem prevysSuje pfijem vody Usty
(Drobne a Fajgelj 1993).

Kromé pfijmu vody v tekutém skupenstvi mohou stejnonozci absorbovat také vodni paru,
respektive ziskavat vodu ze vzdusné vlhkosti. Tuto schopnost stinek predpokladal jiz Eric Berry
Edney (1951), experimentdlné ji jako zvySeni hmotnosti stinek obecnych ve vihkém vzduchu potvrdil
Piet den Boer (1961). Stinky jsou schopny absorbovat vodu ze vzduchu s vlhkosti nad 90 % diky



hyperosmotickym roztoklm v kutikule (Wright a Machin 1990, 1993). Pleon je obvykle zvlhéen
roztokem isoosmotickym s hemolymfou, cozZ je potreba pro respiraci. V pfipadé potreby vsak mlze
byt tento roztok nahrazen zminénym hyperosmotickym roztokem s osmolalitou az desetkrat vyssi
ne? hemolymfa (Wright a O’Donnell 1995), éeho? je dosazeno exkreci Na* a Cl” iont(. Efektivitu
absorbce vody zvysuji stejnonoZci také rytmickymi pohyby ploeopod, které napomahaji cirkulaci
vlhkého vzduchu. Schopnost absorbovat vodu ze vzduchu maji vSechny testované druhy ze skupiny
Crinocheta a Diplocheta, ale Zadny ze skupiny Synocheta (Wright a Machin 1993). Drobni synochetni
stejnonoZci ale Ziji endogeicky ve svrchnich vrstvach pldy, kde je stala vihkost pldniho vzduchu
kolem 100 % (Tuf a Jefabkova 2008) a kde tudiz nedochazi ke ztratdm vody evapotranspiraci.

Respirace, nezbytna podminka metabolizmu Zivocich(, souvisi s prlichodem molekul O, a CO, pres
dychaci povrch ZivoCicha. Nicméné molekula kysliku ¢i oxidu uhli¢itého je podstatné vétsi nez
molekula vody — dychacim povrchem tudiz dochazi také k evaporaci. U drobnych terestrickych
forem muze byt kyslik ptijiman difuzi pres pokozku, mali Zivocichové se totiz mohou schovat v plidé,
kde je obvykle vlhkost vzduchu stoprocentni. Vétsi druhy se brani evaporaci tvorbou silné kutikuly,
kterda omezi ztraty vody, a omezenim dychaciho povrchu na nezbytné minimum potfebné

k dostateCnému zdasobeni téla kyslikem.

Vodni stejnonoZzci dychaji bud celym povrchem téla, nebo pomoci pleopodu (3. az 5. par), Cili
privéskl zadeckovych ¢lankl. Kazdy pleopod se sklada z listkového exopoditu, ktery kryje endopodit,
jenz funguje jako Zabry. Pohyby exopoditl jednak prihanéji k Zabram vodu, jednak napomahaji pfi
plavani. Suchozemsti stejnonoZci vyresili prijem kysliku nékolika zplsoby. Nejdrobnéjsi formy dychaji
celym povrchem téla. Hygrofilni formy (napt. celed' Ligiidae) stdle vyuZivaji endopodity, jez funguji
jako Zabry, a také vnitni povrch exopodittl. Ziji v prostiedi, kde je dost vody, kterou mohou
k pleopodim privadét pomoci kapilarnich sil — pfilozi k sobé dvé posledni kracivé koncetiny a
kanalkem, ktery mezi nimi vznikne, voda vzlina k pleopodiim. U vétSich a vice adaptovanych forem
dychaci povrchy na exopoditech invaduji v rizné mire a vytvareji tzv. preudotrachealni Zabry, které
funguji stejné jako plicni vaky pavoukovc(. Tyto dychaci struktury jsou u jednotlivych druh( rGzné
pokrocilé, ¢asto i uvniti jedné Celedi. To naznacuje jejich nezavisly opakovany vznik u riznych skupin
suchozemskych stejnonozcu. Prikladem mohou byt dychaci organy u zastupcu celedi Eubelidae, ktefi
se vyskytuji kromé vlihké rovnikové Afriky a jihovychodni Asie také v (polo)poustnich podminkach
Blizkého vychodu a severovychodni Afriky. Paoli a kol. (2002) u zastupct této Celedi rozlisuji Sest
typu dychacich struktur:

e Typ Atracheodillo: jednoduchy neprekryty dychaci epitel na povrchu exopoditu.

e Typ Synarmadilloides: jednoduchy dychaci epitel ¢astecné vchlipeny pod povrch
exopoditu.



e Typ Eubellum: uzavieny typ plicniho vaku, dychaci epitel ve formé rozvétvenych kanalkd,
které Usti na povrch exopoditu nékolika jednoduchymi stigmaty obklopenych specificky
modifikovanym povrchem.

e Typ Somaloniscus: podobny predchozimu, ale tvar stigmata je modifikovany a zacatek
pseudotrachei u stigmat je pokryt kartdckem kratkych chloupk.

e Typ Aethiopopactes: podobny predchozimu, ale stigma je pouze jediné a pseudotracheje
vypliuji cely exopodit.

e Typ Periscyphis: nejpokrocilejsi typ, kde jediné Stérbinovité stigma, neopatfené
modifikovanym okolnim povrchem, Usti do Sirokého atria, ze kterého vychazi shluk
pseudotracheji, jez vedou az dovnitt zadecku.

Specificky modifikovany povrch okolo stigmat, typicky pro typ Eubellum, Somaloniscus a
Aethiopopactes, tvofi hexagonalni struktura pfipominajici véeli plastev. Funkci této struktury je
rychle odvadét vodu, ktera by mohla ucpat stigmata. Podobné nebezpeci nehrozi poustnim
stejnonoZcim rodu Periscyphis, u nichz tato struktura vyvinuta neni. Podobné Stérbinovité stigma je
oproti kruhovému adaptaci omezujici ztraty vody evaporaci. Suchy vzduch, vstupujici stigmatem do
atria, je zde pred vstupem do pseudotracheji zvIhéovan vzduchem vydechovanym, ktery se zde
naopak potfebné vlhkosti zbavuje.

Problémy, jimz stejnonozZci na sousi Celi, je mozné resit bud pomoci zminénych morfologickych i
fyziologickych adaptaci, nebo pomoci zmény chovani. Behavioralni adaptace jsou pfitom obvykle
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vytvareni agregaci.

Anekdoticka pozorovani (nepatfi¢né) aktivity suchozemskych stejnonozct se sporadicky
objevuji v tisku jiz od konce XIX. stoleti. Za prikopnika systematického studia aktivity
suchozemskych stejnonozct vsak je mozno povazovat britského zoologa Johna Leonarda Cloudsley-
Thompsona, ktery se studiu diurnalni aktivity vénoval v padesatych letech minulého stoleti a
prileZitostné se k tomuto tématu vracel i pozdéji (viz napt. Cloudsley-Thompson 1977). Zjistil jako
prvni, Ze spoustécem epigeické aktivity mimo ukryty je intenzita svétla, Ze vSak na pocetnost
aktivnich stejnonoZcd ma vliv teplota i vihkost. Zevrubné vSak v tomto obdobi prostudovali aktivitu
stinky obecné v terénnich podminkach nezavisle na sobé australsky zoolog John Le Gay Brereton a
holandsky ekolog Pieter Johannes den Boer. Oba zjistili, Ze stinky se pres letni obdobi ¢asto zdrzuji
také na stromech, kde se schovavaji ve stérbinach kary, zimuji vsak hlavné v pidé a opadu pfi Upati
strom( (Brereton 1957, den Boer 1961). Vhodny ukryt jim pomahaji najit senzory, které registruji
vlhkostni (napf. Waloff 1941), teplotni (napf. Dietrich 1931) a svételny (napf. Warburg 1964)
gradient a které jsou zodpovédné za jejich thigmotaxi (Friedlander 1964). Je tudiZz dobfe zndmo, zZe



stinky travi vétSinu dne v Ukrytech kvili vysokému odparu vody z téla pres kutikulu (Edney 1968).
Pokud je venkovni teplota vysokd a teplota v Ukrytu dostatecné nizkd, toto chovani se umocnuje
(Hassall a Tuck 2007). Pokud je vSak teplota v ukrytu pfiliS nizkd, mohou stejnonozZci reagovat i
pozitivni fototaxi, zfrejmeé ve snaze ohrat se na slunci (Refineti 1984).

Obecné Ize shrnout, Ze stejnonoZci upoustéji ukryty v noci a je mozné je najit i na mistech,
kde se pres den prakticky nevyskytuji, napf. lezouci po zdech (Cloudsley-Thompson 1951). Délka
aktivity mimo ukryt je pfiblizné jedna hodina (den Boer 1961), po té se mnozstvi vody v téle sniZi na
kritickou hladinu (Edney 1951) a musi se schovat do Ukrytu s vy3si vzdusnou vlhkosti. V téchto
ukrytech potom travi potravu a aktivné absorbuji vodu ze vzduchu (Wright a Machin 1990). Z tohoto
dlvodu jsou vhodné ukryty pro stejnonozZce esencidlni — umoziuji jim pripravit se na dalsi
prozkoumavani habitatu (Hassall a Tuck 2007).

Schopnost stejnonozZcl odoldvat vyschnuti se pfitom liSi mezi jednotlivymi druhy, ¢asto
udavané poradi rodu dle jejich odolnosti je (od nejcitlivéjsiho po nejodolnéjsi): Ligia, Philoscia,
Oniscus, Porcellio, Cylisticus, Armadillidium (Edney 1951). Z toho dlvodu je denni aktivita relativné
Casto pozorovatelna u svinek rodu Armadillidium (druh Armadillidium versicolor Stein, 1859, je velmi
pocetny i v Olomouci a Ize se s nim potkat na chodnicich béhem dne pomérné bézné). V nasem
vyzkumu jsme zjistili, Ze denni aktivita je obvykla i u stinek Porcellium conspersum (C.L. Koch, 1841),
které také maiji relativné silnéjsi kutikulu (Tuf a Jefabkova 2008). Separace aktivity rznych druh( do
raznych Casti dne, neboli koncept ¢asové niky, je znam také u jinych skupin Zivocichd (napf. Tuf a
kol. 2006, 2012, Krumpalova a Tuf 2013).

S ohledem na typicky pattern aktivity suchozemskych stejnonozcl je zajimava skutecnost, ze
stinky rodu Ligia je obvykle mozné spatfit pobihat po kamenech béhem dne. Pfestoze jejich
odolnost vici vyschnuti je nizka, jejich denni aktivita ma adaptivni vyznam. Jedna se totiz o
suchozemské stejnonozce, ktefi obyvaji intertidalni zénu. Vlhkost v tomto prostredi neni limitujicim
faktorem, ale problém, kterému Casto cCeli, je vysoka teplota rozpalenych kamend, jez aktualné
nejsou ochlazovany vinami. Odpar vody z téla stinky vyznamné snizuje jeji teplotu, pficemz vihkost
muZe aktivné doplnit pfimo z morské vody, do které se aktivné potapi (Davenport 1994), Ci ve
vlhkych Stérbinach mezi kameny.

Vedle specifického patternu cirkadianni aktivity pomaha stejnonozcdm v hospodareni
s vodou také agregacni chovani. Jiz pred 90 lety Warder Clyde Allee experimentalné prokazal, ze
pokud jsou stinky osamoceny a ponechdny v suchém prostredi, je pro né ztrata 30 % hmotnosti
v dUsledku vyschnuti fatalni a Ze k této ztraté dojde jiz béhem dvou az sedmi hodin (v zavislosti na
vlhkosti vzduchu a hmotnosti, respektive velikosti jedince). Pokud vsak jsou stinky ve skupiné deseti
jedincl, ztrati po osmi hodinach prdmérné pouze 15 % hmotnosti (Allee 1926).

Suchozemsti stejnonozci agreguji spontanné a objasnéni tohoto fenoménu bylo vénovano velké Usili
rady vyzkumnik(. Prvni studie se zamérovaly na profit jednotlivcl z tohoto chovani ve snaze najit
evolu¢ni vyznam neboli adaptivnost tohoto chovani. Hypotéz bylo navrzeno i testovano pomérné



mnoho. Jednou z téch zakladnich je vyssi pravdépodobnost nalezeni partnerky, kde vyznamnym
atraktorem je signalizace ochoty k pareni samicemi. Tato schopnost je adaptivni nejen pro samce,
ale i pro samice, které se timto zpisobem dokazi chranit pred sexualnim obtéZzovanim ze strany
samcl v dobu, kdy vnimavé nejsou. Kromé doloZené atraktivity samic pro samce je doloZena i
atraktivita samc( pro samice (Beauché a Richard 2013). Zaroven vsak viiné jedince stejného pohlavi
jako atraktant nepUsobi, proto Ize pomérné spolehlivé prfedpokladat, Ze dostupnost sexudlnich
partnerl je jednim z dlivod( ochoty stinek agregovat.

Pokud by stimulem pro vznik agregaci bylo jen sexualni chovani, tézko by bylo uvérit, ze
agreguji i samice s plnym marsupiem, které se parit nemohou, ¢i dokonce juvenilni jedinci. Pro
juvenilni jedince je vSak moZnost pfipojit se k agregaci velmi vyznamna. Dlivodem je ponékud
prekvapivé kanibalizmus. Nejedna se o lov a naslednou konzumaci pfislusnikd stejného druhu, ale o
konzumaci mrtvych jedincd. DGvodem m{Ze byt pfijem nedostatkového vapniku, jak je tomu zifejmé
i v pfipadé kanibalizmu larev vné (Hatchett 1947) i uvnitf marsupia (Warburg 1994). DalSim
dlivodem vsak je snaha ziskat endosymbiotické bakterie Zijici vylu¢né v hepatopankreatu
stejnonozcy, které vyznamné zefektiviuji jejich schopnost travit celulézu (Zimmer a Topp 1998), ale
také se zfejmé podileji na absorbci mastnych kyselin a vitamind. Kromé toho vyznamné zlepsuji
prezivani, jak zjistila Terézia Horvathova se svymi kolegy (2015) pomoci dimyslnych experimentl se
sterilnimi stejnonozci. Tyto bakterie (dva druhy, Candidatus Hepatoplasma a Candidatus
Hepatincola, se nikdy nevyskytuji spolecné v jednom jedinci) pfitom nejsou vylu¢ovany
v exkrementech (Brandstadter a Zimmer 2008). Moznost vertikalniho prenosu byla experimentalné
zavrzena (Horvathova a kol. 2015), tudiz konzumace hepatopakreatu mrtvych jedinc( stejného
druhu mladaty je jediny predpokladany zplisob akvizice téchto bakterii. Pfebyvani v agregacich tudiz
zvysSuje pravdépodobnost, Ze mlada stinka nalezne uhynulého jedince, jehoZz hepatopankreat mlze
zkonzumovat. Nutno podotknout, Ze kanibalizmus je sice adaptivnim feSenim potreby ziskani
endosymbiont(, zaroven je to vSak zpUsob, ktery mohou posléze vyuZit paraziti pro efektivni
horizontalni pfenos mezi jednotlivymi hostiteli (Le Clec'h a kol. 2013).

Dalsi vyhodou zdrZzovani se v agregaci je snizeni ztrat vody v téle odparem, jak dolozil Allee
(1926). Tento aspekt je nespecificky, mikroklima kolem kteréhokoliv jedince je ovlivnéno jeho
metabolizmem. TudiZ je vyhodnéjsi se zdrzovat vedle jiné stinky, z niz se vypatuje voda, nez byt sdm
v sus$im vzduchu. Podobna logika stoji za tzv. socidlni termoregulaci, kterou prosluli napfiklad
tu€ndci cisarsti (Ancel a kol. 2015). Tato ekologicka souvislost plati nespecificky a je zfejmé hlavnim
dlvodem k tvorbé vicedruhovych smiSenych agregaci suchozemskych stejnonozc( (Cloudsley-
Thompson a Constantinou 1987). Ackoliv stejnonoZci profituji ze sniZzeni evaporace, jejich agregacni
chovani je fizeno spisSe thigmokinezi, nez hygrokinezi, neboli zaloZeni agregace ovliviuji hlavné
taktilni signaly (Freidlander 1965). V praxi to znamena3, Ze v laboratornich podminkach se budou
napriklad tvorit agregace stinek spiSe v suchém rohu nez na navlhéeném stfedu experimentalniho
boxu. Odfiltrovat v laboratofi thigmokinezi pfi studiu agregacniho chovani Ize napftiklad vyuzivanim
kruhovych arén (Devigne a kol. 2011, Broly a kol. 2012).

Zivot v agregacich také mize fungovat i jako antipredaéni strategie. Stejny princip vyuZivaji
kopytnici, ktefi se sdruzuji do stad, respektive ryby sdruzujici se do hejn. Podstatou je, Ze pokud se



kofist shlukuje, tak ma predator nizsi pravdépodobnost, Ze néjakou kofist potka, nez kdyz je tato
roztylena rovnomérné (Krause a Ruxton 2002). To plati i za ptredpokladu, Ze stado ¢i hejno je
napadnéjsi, nez jedinec. Pokud totiz predator napadne stado kofisti, obvykle se mu podafi ulovit jen
jednoho ¢i nékolik malo jedincll. Srovname-li tudiz pravdépodobnost preZiti stietu s predatorem
jedince ve velké skupiné ¢i jedince pfi osobnim setkani s predatorem, je vyhoda , ukryti se v davu”
zjevna. Kazdy, kdo se nékdy pokusil nasbirat vétsi mnozstvi Zivych stejnonozc(i a snazil se vysbirat
pinzetou stinky z odhalené agregace, jisté potvrdi, Ze vétsina jedincl ma dost ¢asu na uték.

Na druhou stranu Zivocéichové plati za Zivot v agregaci vyssi kompetici o potravu (Krause a
Ruxton 2002). Tento aspekt ma svou platnost i u suchozemskych stejnonozctl. Byt se obvykle uvadi,
Ze detritofagové nejsou limitovani dostupnosti potravy, je dobfe znamo, Ze rizné druhy maji
specifické potravni preference (Carefoot 1973, Rushton a Hassall 1987, Szlavecz a Maiorana 1991,
Nair a kol. 1994, Zimmer a Topp 2000) a dostupnost nejoblibenéjsi potravy proto muze byt
omezena. Je moziné, Ze tento trade-off stoji za existujicim socidlnim limitem velikosti agregaci, ktery
aktudlné dolozili francouzsti vyzkumnici (Broly a kol. 2012, 2014), velikost idedlni agregace stinek
Zajimavé je, Ze tato socidlni regulace velikosti agregace plati jak pro (stabilnéjsi) jednodruhové
agregace, tak pro smiSené agregace vice druh( (Broly a kol. 2016). A nutno podotknout, Ze tento
zavér neni artefaktem zjednodusenych laboratornich podminek, ale Zze se nam jej podafilo
zopakovat v experimentech s taktilnimi podnéty i vice Ukryty (Jenikova 2013, Truhlafova 2016).

Pfechod na sou$ pomohl suchozemskym stejnonozctim uniknout jejich dosavadnim predatoriim.
Nicméné na sousi se postupné setkavali s jinymi typy predatorq, jako jsou pavouci, mravenci,
stonozky a dalsi dravi ¢lenovci, ale také obojzivelnici, plazi, ptaci a drobni savci. Vétsina z nich se zivi
stejnonoZci prilezitostné, jediny specializovany predator stinek a svinek jsou pavouci Sestiocky rodu
Dysdera (Reza¢ a Pekdr 2007, Rezad a kol. 2008). Proti predatorim si stejnonozci vyvijeli riizné
strategie. Jednou z nejjednodussich je dfive popsané agregacni chovani, pfi némz se jedinec
schovava v davu a vyuZiva roptyleni pozornosti predatora pti odhaleni vétsi skupiny stejnonozc(.

Suchozemsti stejnonozZci jsou pomérné bezbranni, nedisponuji silnymi kusadly, pevnou
kutikulou, ¢i mohutnymi trny. Nékteré svinky sice jsou dlouze otrnéné, jednd se vSak o drobné formy
a vyznam jejich excesivnich ,,ostnd“ je pro biology zahadou (Schmalfuss 1984) a dosud nebyl
experimentalné zkouman. Vétsina stejnonozcll disponuje tzv. repugnatorickymi zZlazami, které usti
na lateralnim okraji pereonitd a na uropodech (Gorvett 1956). StejnonoZci vylucuji kapicky lepkavé
hmoty z téchto Zlaz obvykle az po vétsim ohrozeni, jako je manipulace predatora se zvifetem, Ci
kousnuti. Experimentalné Ize vyvolat vylouceni této latky pomoci mackani tvrdou pinzetou Ci
pichnutim entomologickym Spendlikem (Gorvett 1956, Deslippe a kol. 1996), které mUze pripominat
pichnuti pavouci chelicerou. (Nékteré dalsi manipulace, jako naptiklad silné podchlazeni, také
vyvolaji exkreci z repugnorickych Zlaz, zjevné se vsak jednd o nespecifickou reakci.) Gorvett (1956)
predpoklada, Ze tento sekret mize byt tvofen na obranu proti pavoukdm a experimentdlné také



doklada, Ze vétsina pavoukl stejnonozce jako kofist odmitd a i kdyzZ je chyti, po vylouceni sekretu je
zase poustéji. Podobny efekt ma tento sekret na mravence; jelikoz je lepivy, mravenci okamzité
poustéji kofist a zacinaji se Cistit (Deslippe a kol. 1996). Sekret obsahuje slozky bilkovinné povahy a
dosud nebyl analyzovan a jeho sloZzeni neni znamo.

Ackoliv produkce odpudivého zdpachu je dobry zplsob pro odrazeni utoc¢nika, absence
jakychkoliv pach je strategie mozna jesté ucinnéjsi. Syntéza proteinovych sekretid je metabolicky
narocna, takZe pfi napadeni vétSim poctem mravencd muize byt stinka preci jen pfemozena a
ulovena. Absence povrchovych pachi je naopak strategii myrmekofilniho specialisty berusky
mravenci (Platyarthrus hoffmannseggi Brandt, 1833). PrestoZe velka ¢ast myrmekofilli se snazi
napodobovat pach mravencd, je absence pachu U¢innéjsi vtom smyslu, Ze umoZnuje vyuZivat
pohostinstvi prakticky vSech druht mravenc( v aredlu vyskytu této berusky (Parmentier a kol. 2017).

Dobrou strategii, jak uniknout predatorovi, je presvédcit jej, Ze nejsem kofist. Jednou
z klicovych informaci, kterou predatofi o kofisti maji, je jeji pohyb. Pokud tudiz kofist , hraje mrtvého
brouka“, dafi se ji nepovzbuzovat lovecky instinkt predatora a s pomérné velkou pravdépodobnosti
muze byt jeho pozornost odlakana nékam jinam (Jakob a Long 2016). U hmyzu je tato strategie
¢asto doprovazena spadnutim z vegetace do opadu, kde se Spatné hleda. V této souvislosti je
vhodné pfipomenout, Ze suchozemsti stejnonoZci radi v noci lozi po vertikalnich povrsich (stromy,
stény domu) a Ze i u nich mlZe tato strategie zpUsobit pad na zem, daleko od predatora. Obecné se
tato strategie nazyva tonicka imobilita, pricemz specificka verze typicka pro stejnonozce celedi
Armadillidae, Armadillidiidae, Budellundiellidae, Eubelidae, Sphaeroniscidae Ci Tylidae se nazyva
volvace. Jedna se o pasivni antipredacni strategii (Langerhans 2007), kterd preddtorovi znemoznuje
nalezeni (zakutdlené) kofisti, manipulaci s ni ¢i jeji pozfeni. Tuto strategii nemuseji vyuzivat vSichni
jedinci v populaci, u zatim prozkoumanych druhi se reaktivita (tj. navozeni tonické imobility)
pohybovala mezi 2090 % (Quadros a kol. 2012, Tuf a kol. 2015a).

Pokud tonicka imobilita vede ke vzdaleni se predatorovi (tj. zapadnuti do opadu, spadnuti ze
stromu ¢i zdi), je tato strategie velmi Uucinnd. Pokud v3ak je tonicka imobilita vyuZita na rovném
povrchu (napf. na zemi), mGze byt velmi netcinna — mravenci stinku (nikoliv vSak svinku) jednoduse
transportuji do mravenisté, jako tomu Cini s nalezenymi mrtvolkami. StejnonoZci, ktefi se potkaji
s predatorem na zemi, se proto snazi uprchnout. Pfi Utéku vyuzivaji strategii, ktera se nazyva turn
alteration, coz by bylo mozné prelozit jako klickovani (Watanabe a Iwata 1956, Kupfermann 1966,
Hughes 1967). Vyznam systematického klickovani je velky, zabranuje pfi utéku neprehlednym
terénem, kde je nemozné drzet primy smér (napfiklad kamenity terén, drny travy na louce atp.), aby
se prchajici ZivoCich vratil zpét, tj. aby ,,chodil v kruhu” (Ono a Takagi 2006). Systematické stfidani
odboceni vlevo a vpravo je tudiz nejlepsi aproximaci k pfimému pohybu a proto se klickovani
povazuje za ,korekcni chovani” — zvire systematicky koriguje svij smér pohybu tak, aby se dostalo
co nejdale. Klickovanim stejnonozci reaguiji pri nepfiznivych podminkach, jako je vysoka teplota,
nedostatek potravy a podobné. V téchto ptipadech je vhodnou strategii dostatecné se vzdalit od
nevyhovujiho mista. Klickovani Ize studovat v laboratofi napfiklad pomoci sloZzeného T-labyrintu, kde
musi stejnonoZec nékolikrat po sobé odbocit. Intenzita klickovani v labyrintu tudiz reflektuje miru
stresu, kterému je stejnonozZec vystaven. Timto zplisobem bylo také doloZeno, Ze stejnonoZci citlivé



reaguji na pritomnost predatora, tj. Sestiocky, a dokazi jej odlisit od jinych ,,podobnych” ale
neskodnych stimul( (Carbines a kol. 1992).

Schopnost stejnonoZce rozpoznat povahu kratkodobého stimulu (vystaveni pfitomnosti Sestiocky,
respektive mouchy v malé temné krabicce) naznacuje relativné vysokou uroven kognitivnich
schopnosti téchto Zivocichl. Rozdil v reakci na Sestiocku a mouchu byl méren pomoci miry klickovani
v labyrintu (Carbines a kol. 1992), cozZ je obecné dobrad metoda vyjadreni intenzity stresu. Recentni
studie naznacuji, kterd voditka stejnonozci vyuZivaji k rozpozndvani predator(. Kelly Zimmerman a
Scott Kight (2017) testovali stinku obecnou a svinku obecnou v pfitomnosti pavouciho predatora a
manipulovali s pritomnosti vizualnich, chemickych i seismickych voditek. Zjistili, Ze oba druhy
stejnonozcl registrovali hlavné vizudlni a seismické signaly. PfestoZe jejich experiment mél jisté
metodologické nedostatky (seismické stimuly byly zvyraznény umisténim experimentu na blanu
bubnu, pricemz reakci kofisti byla jeji nehybnost — tuto nehybnost vSak mohla zpUsobit i jen prosta
snaha neddvat o sobé védét okoli vlastnim pohybem), kognitivni schopnosti stejnonozct jsou zjevné
pomeérné vysoké a je tfeba jim vénovat vice pozornosti.

S kognitivnimi schopnostmi souvisi také agregacni chovani zminéné vyse. Toto chovani totiz
muZe byt adaptivni v tom smyslu, Ze zjednodusuje vyhledavani vhodného ukrytu. BéZzny den stinky
spociva ve schovavani v ukrytu s vyssi vzdusnou vihkosti pfes den a ve vecerni aktivité mimo ukryt,
béhem které je nutno najit vhodnou potravu a samoziejmé také ukryt pro dalsi den, respektive
nékolik dni, jak doloZil Piet den Boer (1961). StejnonoZci totiz nejsou svym ukryttm pfilis vérni a
spokoji se s jinym vhodnym ukrytem, na ktery narazi (Dangerfield a Hassall 1994, Hassall a Tuck
2007). Volba vhodného ukrytu je pfitom zasadni, jelikoz nevhodny ukryt muze zpUsobit pfilisné
ztraty vody. Kognitivni pristup, béhem kterého stejnonozec pouziva velikost agregace jako voditko
k posouzeni kvality ukrytu, je zjevné divodem k tvorbé agregaci o idealni velikosti okolo 70 jedincd,
jak je popsal Pierre Broly a kol. (2012, 2016).

Nejen pro studium tvorby agregaci by bylo vhodné umét rozpoznavat jednotlivé stinky
v experimentu a sledovat ptipadné individudlni rozdily v jejich chovani. Identifikace jedince je také
nezbytnym predpokladem pro studium personality ZivoCich(. V nékterych pfipadech je mozné
chovat jedince oddélené a rozpoznavat je tak podle kodl umisténych na jejich chovnych boxech, pfi
studiu interakci je vSak tento pristup nepouzitelny. V nékolika studiich se vyzkumnici pokusili
rozliSovat jednotlivé stinky pomoci barevnych znacek na téle jedince (napfr. Brereton 1957). Nam se
vSak podafrilo dolozit, Ze takové znaceni je nejen nestabilni (Tuf a kol. 2013), ale i vyznamné
pozménuje chovani stejnonozcl (Drahokoupilova a Tuf 2012).

Zajimavé etologické experimenty provadél belgicky psycholog Patrick Anselme (20133,
2013b), ktery se rozhodl studovat zvédavost u stinek obecnych. Studovat zvédavost ptritom vibec
neni jednoduché, pokud zvifeti nabidneme nové prostredi a to jej zacne prozkoumavat, nemusi to
byt hned dlikazem zvédavosti. Dlvodem mUZe byt pouhd snaha uniknout ze starého, nevyhovujiciho
prostfedi. Abychom odlisili tuto reakci, musime znat ndroky studovanych druht na jejich prostredi.



Suchozemsti stejnonozci jsou pfitom vhodnou modelovou skupinou, jelikoz vime, Ze preferuji vih¢i
mista pred suchymi, Ukryty pred otevienym prostranstvim, pfitomnost skupiny jinych pfislusnikt
svého druhu (i alespon vlni jejich exkrement() pred ,,stinkoprazdnymi“ (a zapachu prostymi)
prostory. Anselme proto ptipravil chytfe vymyslené experimenty, ve kterych prokazal, Ze stinky ve
vybérovych testech uprednostiuji prozkoumavani neznamého prostredi, a to dokonce tehdy, kdyz
staré prostredi poskytovalo vhodné;jsi podminky (vyssi vihkost papiru a/nebo nabidnuty dkryt). Lze
tudiz shrnout, Ze zvédavost je suchozemskym stejnonozclim vlastni. VZdyt Ize (s nadsazkou) tvrdit,
Ze pravé zvédavost stala za tim, Ze predci dnesnich suchozemskych stejnonozcli pred 300 miliony
lety vylezli z more na neznamou sous (Broly a kol. 2013).

Kognitivni aspekty ma také systematické klickovani, cozZ je vySe zminéna (nejen) antipredacni
strategie suchozemskych stejnonozcl. Experimentatofi totiz pfi pokusech s probihanim labyrint(
obvykle zaznamenadvaji pouze vysledny cil, do kterého stejnonoZec dorazi. (Tyto cile se lisi mirou
pravidelnosti stfidani odbocek vpravo a vlevo.) Kazdy, kdo sledoval Zivocichy v bludisti, vSak vi, ze
subjekt obcas ,,zméni nazor”, vrati se k nejblizsi odbocce a vyda se na druhou stranu. Toto chovani
dosud systematicky zkoumal pouze Toru Moriyama (Moriyama a kol. 2015), kterého zajimalo, s ¢im
souvisi pravdépodobnost, Ze se svinka vrati a zméni smér odboceni. Zjistil, Ze hlavnim dlvodem je
smér predchoziho odboceni, neboli Ze svinka opravi svou odbocku tak, aby odpovidala vzoru
klickovani Cili stfidani pravych a levych odbocek. Zjistil také, Ze pokud se svinka vrati a zméni smér
a kol. 2015). Sytemati¢nost tohoto pocinani naznacuje zamér svinky dostat se co nejdale od rusivého
vjemu, jakkoliv tento zavér mlzZe vypadat antropomorfné.

Zkoumani kognitivnich schopnosti rznych druht Zivocichl v posledni dobé napomaha
odhalit ,,osobnostni rysy” rliznych jedincu. Tzv. personalita Zivocich( je studovdna v poslednich ca 20
letech, ackoliv drtiva vétsina vyzkumnikud se vénuje obratlovcdm. O personalité Ize u Zivocicht
hovotit, jsou-li splnény tfi podminky: 1) museji existovat rozdily v chovani mezi jednotlivci
v populaci, 2) tyto rozdily museji byt stabilni napti¢ riznymi situacemi a 3) chovani jednotlivcl musi
byt stabilni v ¢ase (Reale a kol. 2007). Casovy aspekt je pfitom nejhlie prokazatelny, obvyklé jsou
studie s opakovanimi v fadu dn( ¢i tydnu, delsi ¢asovy horizont se u bezobratlych Zivocichd studuje
jen velmi zfidka. Koncept personality byl aplikovan na relativné Siroké spektrum bezobratlych véetné
korysa (napft. Briffa 2013, Biro a kol. 2014, Brodin a Drotz 2014, Yli-Renko a kol. 2015). Nam se
podafilo dolozit individudlni rozdily v odvaze stinek obecnych, kterou jsme kvantifikovali pomoci
tonické imobility. Drazdili jsme stinky opakované rliznymi podnéty a méfili jejich reaktivitu,
senzitivitu a dobu setrvavani ve strnulosti (Tuf a kol. 2015a). DoloZili jsme, Ze jen nékteré stinky jsou
,0dvaziné”, coz znamena3, Ze potrebuji vice opakovani konkrétniho stimulu k navozeni relativné
kratké strnulosti, tento ,, povahovy rys” pritom nesouvisel s velikosti daného jedince.

Koncept personality je stéle relativné kontroverzni, hlavné z dlivodu dosavadni
nekonzistentnosti pristupll a definic. | pfes uvedenou kontroverzi vSak existuje hypotetické evolu¢ni
vysvétleni adaptivnosti existence odliSnych personalit u Zivocichl. Zakladnim konceptem je pfitom
trade-off mezi dvéma (Ci vice) odliSnymi behavioralnimi strategiemi, kde jedinci s nevyhranénym

vy



morskych stejnonozcli druhu Idotea baltica (Pallas, 1772), ktery zkoumali recentné ve Finsku (Yli-
Renko a kol. 2015). Dosud bylo zndmo, Ze aktivné;jsi stejnonoZci tohoto druhu maiji rychlejsi rist,
vétsi jedinci jsou plodnéjsi nez mali a zaroven aktivnéjsi samci maji béhem rozmnozovani vétsi Sanci
potkat samice a maji tudiz vyssi reprodukéni Uspéch. Prekvapivé proto bylo, kdyzZ Finky zjistily, Ze
méné aktivni stejnonoZci prezivali zimu s trojndsobné vyssi pravdépodobnosti neZ stejnonoZci
stfedné aktivni a hodné aktivni. Zde je pravé onen predpokladany trade-off mezi plodnosti a
prezivanim, ktery umoznuje ,vybrat” si nevratnou cestu, jak zvysit svou fitness: bud' sazkou na
velikost a aktivitu, jeZz zvysi pravdépodobnost zplodit mnoho potomkd, ¢i sazkou na nizkou aktivitu,
ktera zvysi Sanci se obdobi rozmnoZovani viibec dozit. Odsud zifejmé prameni ony rozdily mezi
jednotlivci v chovani, které jsou povaZzovany za aspekt jejich personality (Yli-Renko a kol. 2015).
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ABSTRACT. Soil invertebrates are studied by a number of methods. Here we used zoological methods (soil sampling,

pitfall trapping, litter sifting, and hand collecting) to sample centipede communities in four floodplain forests (Czech

Republic, Europe) and compared the efficiency of these methods. Heat-extraction from soil samples was the most

effective, followed by pitfall trapping. The centipedes found by us can be divided into five ecological groups: 1) larger,

abundant lithobiomorphs, 2) larger, scarcer lithobiomorphs, 3) smaller, soil lithobiomorphs, 4) abundant geophilomorphs,

and 5) scarcer geophilomorphs.
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Soil macrofauna (i.e., soil invertebrates ranging from 2-
20 mm in size) is an important part of terrestrial ecosystems;
some soil species are decomposers of dead organic matter,
whereas others are predators. Several standard methods have
been used for collecting faunistical and coenological data. The
easiest and the oldest method is hand collecting using twee-
zers. Though very adequate for obtaining live animals, this
method is time-consuming and difficult to quantify. Another
method consists of Barber traps (Barser 1930), better known as
pitfall traps. The latter are widely used in ecological studies for
their simplicity, time efficiency and the possibility to leave them
in the field for a long time. These traps consist of plastic or
glass jars that are embedded deep in the soil and are filled with
a solution to preserve the specimens that fall in them (e.g.,
formaldehyde, ethyleneglycol). Unfortunately, Barber traps
mostly catch surface-dwelling species. Apis (1979) and Woob-
cock (2005) concluded the following about pitfall traps: the
size of the sample these traps collect is affected by a number of
environmental factors (e.g., climate, microclimate, biotope, age
of wood, type of soil surface and soil), as well as trap param-
eters (diameter, shape of mouth, depth, cover, fixation solu-
tion, pattern of traps distribution, digging method). They
stressed that traps need to be chosen according to the biotope
and type of research.

To study animals inhabiting soil (not only the soil sur-
face), it is necessary to sample soil layers. Litter and/or soil sift-
ing is the easiest choice to get soil animal samples (GOorny &
Grom 1993). Sifting has the advantage of sampling microsites
that are not accessible by other quantitative methods, for ex-
ample brittle wood, local litter heap etc. Its major disadvan-
tages are that they can damage the invertebrates (e.g., centipedes
or diplurans have specific characters on appendages or legs) and

are size-selective (the size of the mesh is a compromise between
animal size and size of material particles). There are two ways to
compare the species’s spectrum recorded by individual samples
collected by sifting: 1) according to the sampled area and depth
of the sifted soil layers (e.g., sifted sample of original size of 25 x
25 x § cm); or 2) according to the volume of sifted material (e.g.,
two litres of sifted material form favourable microsite as decay-
ing stub). The most useful method for quantitative studies is
soil sampling. Even though it is a difficult method (due to time
and weight aspects), it is the only way to guarantee that all ani-
mals from a given surface are sampled, since its success does not
depend on the activity of the animals (Zou et al. 2012). After
sifting or soil sampling, animals and soil matter need to be sepa-
rated. There are several methods (e.g., Gorny & GrOM 1993) to
do this, which are clustered into two categories: passive and
active. Passive methods separate animals and soil particles ac-
cording to their different physical (shape, size) or chemical (con-
sistency) characteristics. The samples are processed by (i) hand
sorting, (ii) sorting by sieve-system (dry or wet sieving, Morris
1922) or (iii) separated in liquids of specific consistency (e.g.
Raw 1955). The active methods benefit from the movement of
animals in the soil sample. Invertebrates are unearthed by ap-
plying (iv) electrical, (v) temperature, (vi) light or (vii) chemical
stimuli. The most frequent is the use of positive geotaxis — a
decrease in soil humidity and an increase in soil temperature
cause the movement of invertebrates to the deepest soil layer.
The first thermoextractors were made by Bertest (1905), and sev-
eral modifications of it have been designed since (e.g., Kempson
et al. 1963).

Centipedes are adequate to ascertain the effectiveness of
soil macrofauna sampling methods. Generally, they are divided
into two large groups that differ in biology. Lithobiomorpha
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and Scolopendromorpha centipedes inhabit the soil surface
and litter layers. They predate on springtails, potworms, small
spiders and harvestmen, and insect larvae. Geophilomorpha,
by contrast, are associated with the upper soil layers and hunt
small earthworms and potworms, also consuming dead organic
matter. In Central Europe, the numbers of species in both
groups are similar (Tur & Turovi 2008). For this reason, differ-
ent methods of sampling need to be used to estimate species
diversity there. Some researchers have described centipede as-
semblages as epigeic and edaphic in part depending on whether
the material was obtained using pitfall traps or soil sampling
(e.g., Wyrwer 1995, Wyrwer & Tajovsky 2009). However, our
knowledge about the efficiency of different methods is lim-
ited. No important differences have been found among some
methods (Smith et al. 2008) and no significant differences have
been detected between the efficiency of pitfall traps and litter
sifting (Prasirka et al. 2007). This study aimed to find the best
combination of methods to ascertain the centiped species’ spec-
trum in Central European forests.

MATERIAL AND METHODS

Centipedes were collected by two quantitative (pitfall trap-
ping, soil sampling) and two qualitative (hand collecting, litter
sifting) methods. Pitfall traps (PT) were made by using glass jars
(0.7 1) with properly fitting plastic cups (0.25 1) filled with 4%
formaldehyde liquid; traps were covered by bark or metal hoods
(approximately 2 cm above surface) and inspected approximately
every three weeks. Soil samples (SS) were collected by circle metal
probe made from toothed metal tube engraving intact soil
samples. Obtained samples (area 1/16 m? and depth 10 cm, leaf
litter included) were immediately transported to the laboratory
in plastic bags. Litter sifting (LS) was done using sifter with mesh
size 5 mm; favourable microsites and microhabitats were selected
and sampled. Sifted litter and soil (mainly fermentation layer)
material of approximately 3 1 was transported immediately to
the laboratory in plastic bags. Centipedes were hand collected
(HC) by using tweezers in favourable microsites such as fallen
trunks or branches, under barks, stones and moss cushions, for
approximately one hour in each locality, per visit. Soil samples
and siftings were successively cultivated in heat-extractors for
ten days (60 W bulb, mesh size 5 mm, thickness of material
inside funnel up to 10 cm - Tur & Tvarpik 2005) to total dryness.
The material collected by all methods was sorted, identified and
stored in the author’s private collection in 70% ethanol. The
classification of centipedes into the following categories, relic/
adaptable/eurytopic, is based on their distribution on natural/
antropogenic habitats in the Czech Republic (Tur & TurovA 2008).

Communities of centipedes from four localities in the
Litovelské Pomoravi Protected Landscape Area (PLA), near the
city of Olomouc in the Czech Republic, Europe, were sampled.
All these localities were situated in hardwood floodplain forests
(vegetation association Querco-Ulmetum). The herbal layer included
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Anemone nemorosa, Polygonatum spp., Lathyrus vernus, and
Maianthenum bifolium. The dominant moss was Eurhynchium hians.
The alluvial soil was loamy-sandy to loamy in the localities, with
pH 4.8-5.The annual precipitation was around 520 mm, mean
annual temperature was 9.1°C, the altitude of localities was about
200-230 m a.s.l. The following four localities were studied: (i)
U zdmecké Moravy Natural Monument (MOR; 49°43'4.256"N,
17°1’57.580"E, inside Hejtmanka Natural Reserve now), (ii) Vrapac¢
National Nature Reserve (VR1; 49°42’40.581"N, 17°2’15.038"E),
(iii) another site in Vrapa¢ National Nature Reserve (VR2;
49°42'16.703”N, 17°2'33.423"”E), (iv) forest mosaic near Horka
nad Moravou (HNM; 49°39'12.592”N, 17°12'13.723”E). At MOR,
VR1 and VR2, ten pitfall traps were installed during the season
from April-September 2001 where four soil samples were taken
using litter sifting and hand collecting. Litter sifting as well as
hand collecting were applied randomly at the localities in an area
of ca one hectare, and all the sifted material was combined into
one mixed sample. At VR2 centipedes were collected and evalu-
ated by Tajovsky (Pizl, V. & Tajovsky, K. unpubl.) using five traps
(from May to September 1997), extraction of five soil samples
(May and September 1997) and hand collecting. HNM was
sampled by 18 traps (January 1998 to March 2001), 15 soil samples
(taken monthly) and by occasional hand collecting. The locali-
ties can be divided based on the length of the study (shorter/
longer than one vegetation season): short-term (MOR and VR1)
and long-term studied (VR2 and HNM).

RESULTS

Evaluation of methods

The combination of all studied methods yielded 11 cen-
tipede species at locality MOR; 8 species at locality VR1; 15
species at locality VR2 and 12 species at locality HNM (with-
out litter sieving), respectively (Fig. 1). A comparison between
the short-term and long-term sampling has shown that the
probability to detect rarer centipedes by any method increases
with time. The greatest numbers of species were obtained at all
localities by heat extraction of soil samples (more than 60%).
Second came pitfall trapping and litter sifting (Fig. 1).

Beside the species’ spectrum sampled by soil samples, 1, 2
or 3, other species were recorded by pitfall traps exclusively.
Lithobius erythrocephalus C.L. Koch, 1847, Lithobius nodulipes Latzel,
1880 and Lithobius piceus L. Koch, 1862 were not present in soil
samples and Lithobius forficatus (Linaeus, 1758) was rarely extracted
from soil samples (Table 1). Litter sifting was also useful in the
short-term; 2 species were collected by this method, at MOR —
Lithobius agilis C.L. Koch, 1847 and Strigamia transsilvanica
(Verhoeft, 1928). In general, litter sifting collected few centipedes
(20-55%, Fig. 1), showing that this method is inefficient; simi-
larly, hand collecting was also ineffective. At three localities (VR1,
VR2, HNM) all species were recorded by the combination of soil
samples and pitfall traps (Table 1). Other combinations (with lit-
ter sifting or hand collection) were not as successful.
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Table 1. Species spectrum recorded by individual methods on studied localities. Methods: (SS) soil sampling, (PT) pitfall trapping, (LS)

litter sifting, (HC) hand collecting.

MOR VR1 VR2 HNM
SS PT LS HC SS PT LS HC sS PT LS HC SS PT  HC
Lithobius aeruginosus L. Koch, 1862 + - - - - + - - + - - - + - -
Lithobius agilis C.L. Koch, 1847 - - + - - - - - + + - - + + o+
Lithobius austriacus Verhoeff, 1937 - - - - - - - - + + _ _ _ - _
Lithobius curtipes C.L.Koch, 1847 - - - - - - - - + + - - + + o+
Lithobius erythrocephalus C.L. Koch, 1847 - + - - - - - - - + - - - + o+
Lithobius forficatus (Linaeus, 1758) - + - + + + - - + + - + + + o+
Lithobius micropodus (Matic, 1980) - - - - + + + - - - - - - - -
Lithobius mutabilis L.Koch, 1862 + + + + + + + - + + + + + + o+
Lithobius nodulipes Latzel, 1880 - - - - - - - - - + - - _ - -
Lithobius piceus L. Koch, 1862 - - - - - - - - - + - - - - -
Geophilus electricus (Linnaeus, 1758) + - - - + - - - + - - - - -
Geophilus flavus (DeGeer, 1778) + - + - + - - - + - - + + + o+
Geophilus insculptus Attems, 1895 - - - - - - - - - - - - + + -
Geophilus proximus C.L. Koch, 1847 + - - - - - - - + - - - + - -
Schendyla nemorensis (C.L. Koch, 1836) + - + + + + + - + + + + + + o+
Strigamia acuminata (Leach, 1814) + - + + + - + - + + + - + + o+
Strigamia crassipes (C.L. Koch, 1835) - - - - - - - - + - - - - -
Strigamia transsilvanica (Verhoeff, 1928) - - - - - - - — — - - + _
Number of species 7 3 4 7 5 4 - 12 10 3 4 11 10 8
Number of species together 11 8 15 12
100 W MOR (11 spp. together) heat extraction of soil samples were the only methods capable
.90 ] B VR1 (8 spp. together) of recording relic (less abundant) species (Table 3).
X o @ VR2 (15 spp. together)
5 80 [CJHNM (12 spp. together)
E 70 Table 2. Numbers of species recorded by individual methods and
Ky ] by combinations of two methods.
% 60 Soil Pitfall Litter Hand
:)-’_ 50 sampling trapping sifting collecting
5 Soil sampling 15 18 15 16
g 40
£ Pitfall trappin 15 15 15
2 30 pping
k] Litter sifting 7 10
§ 20 .
£ 3 Hand collecting 8
a 10 g
2
Soil sampling Pitfall trapping Litter sifting Hand collecting

Figure 1. Comparison of relative efficiency of methods for centi-
pede collection. Per cent proportion of species found by individual
methods in studied localities.

In summary, the need to use more than one method to
uncover the centipede species spectrum was identified (Table
2). All species (18) were only recorded when a combination of
pitfall trapping and soil sampling were used; individual meth-
ods recorded only 15, 15, 7 and 8 species. Pitfall trapping and

Groups of trapped centipedes

Joint evaluation of the material collected from all four
localities in Litovelské Pomoravi PLA has revealed specific pat-
terns of recording species by individual methods (Table 3). Sepa-
rate groups are characterised according to their preferred
environment (soil surface vs. soil layers) and their frequency in
samples (abundant vs. less abundant species). Five groups can
be recognized, as follow: 1. larger, abundant lithobiomorphs:
group of abundant ground-dwelling species of the order
Lithobiomorpha with larger body size (more than approximately
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Table 3. Main groups of centipede species according to similar pattern of efficiency of individual methods (number of individuals) in
Litovelské Pomoravi PLA. Rarity — ecological valence in Central European conditions (Tur & Turova 2008): (R) relic species, (A) adaptable

species, (E) eurytopic species.

Group Rarity Species Soil sampling Pitfall trapping Litter sifting Hand collecting
Larger abundant E Lithobius forficatus 24 332 - 21
lithobiomorphs E Lithobius mutabilis 1135 3940 38 38

A Lithobius agilis 8 19 8 5
Larger scarcer E Lithobius erythrocephalus - 5 -
lithobiomorphs R Lithobius nodulipes - 1 - -
A Lithobius piceus - 5 - -
A Lithobius austriacus 3 13 - -
Smaller soil A Lithobius micropodus 84 7 6 -
lithobiomorphs E Lithobius curtipes 47 6 - 1
A Lithobius aeruginosus 9 5 - -
Abundant A Strigamia transsilvanica 36 3 3 -
geophilomorphs E Strigamia acuminata 76 18 62 11
E Geophilus flavus 1160 3 15 15
E Schendyla nemorensis 1540 16 15 42
Scarcer A Geophilus insculptus 2 1 - -
geophilomorphs A Geophilus electricus 8 - - -
R Geophilus proximus 29 - - -
A Strigamia crassipes 1 - - -

12 mm). These species were recorded by all methods, but fell
more often in pitfall traps. 2. larger, scarcer lithobiomorphs: a
group of rare (with low dominances) but large species from the
order Lithobiomorpha. These species were recorded by pitfall
trapping exclusively; 3. smaller, soil lithobiomorphs: group of
centipede species with small body size (less than 12 mm) inhab-
iting cavities and burrows in the soil, offering more favourable
conditions (higher humidity, lower temperature fluctuation) and
low epigeic activity. These species were recorded mainly by ex-
traction of soil samples and several individuals were collected
in pitfall traps; 4. abundant geophilomorphs: group of centi-
pede species from order Geophilomorpha with abundant popu-
lations. These species were extracted from soil samples, and fell
in traps also relatively frequently. The probability of recording
these species using other methods (sifting, hand collecting) was
relatively high as well; 5. scarcer geophilomorphs: the second
group of geophilomorphs, which were relatively rare and were
recorded exclusively in soil samples.

DISCUSSION

Efficiency of methods

We compared four main methods of soil macrofauna
sampling to ascertain how well they determine the local centi-
pede species’ spectrum. In our results, the most useful meth-
ods were pitfall trapping and extraction of soil samples. Their
combination recorded all species in the localities sampled,
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particularly in the long-term. Litter sifting and hand collect-
ing of centipedes can be complementary methods in short term
studies since they collect a large portion of the species’ spec-
trum, but do not efficiently record less abundant species. Simi-
larly to our results, a combination of sifting and hand-collecting
were the most effective methods for sampling centipedes in
the African savannah with prevailing scolopendromorphs
(Druck et al. 2004).

It is necessary to note that our soil samples were heat-
extracted by modified Berlese-Tullgren funnels. Soil samples
can be processed not only by this Berlese-Tullgren device, but
by using Winkler xereclector or to be handsorted. Published
comparisons favour Berlese-Tullgren funnels (SmiTH et al. 2008,
SaBu & Suyu 2010).

Centipedes are not the only soil animals that are regu-
larly sampled. Terrestrial isopods (Isopoda: Oniscidea) or mil-
lipedes (Diplopoda), for example, also have diversified life
strategies (ScumaLruss 1984, HorkiNn & Reap 1992); some species
live exclusively in soil, whereas others are mostly ground-dwell-
ing. Both millipedes and woodlice are among the most impor-
tant decomposers in terrestrial ecosystems. Thus, to assess their
local diversity, a combination of different methods may be
necessary. For example, to sample millipedes, a combination
of hand collecting and litter sifting are recommended (SNYDER
et al. 2006), or hand collecting by an experienced handpicker,
including the deeper strata (MEesisov et al. 1995). Similarly, spi-
ders inhabit different strata (litter, soil, trees) and it is useful to
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combine several methods to assess their species diversity
(HovEMEYER & StippicH 2000).

Ecological groups of centipedes

Centipedes can be divided into five ecological groups ac-
cording to their probability of being recorded by a particular
collecting method. There are two main groups with different
biologies — the more surface-dwelling and litter-dwelling
lithobiomorphs and the geophilomorphs, which are mainly
associated with soil strata (Poser 1990). Lithobiomorphs usually
represent a very high proportion of pitfall trap catches (e.g.,
Fronp et al. 1997, GraiC & Kos 2009). These two groups can be
divided according to their trapability; abundant species are col-
lected by all methods, and less frequent species are recorded
only by one method (i.e. by pitfall traps in Lithobiomorpha
and soil sampling in Geophilomorpha). The fifth group is com-
posed of small, more endogeic lithobiomorphs - they are caught
by pitfall traps and are also extracted from soil samples. These
species (and younger specimens of larger lithobiids) live in soil
crevices and fissures trying to protect themselves against canni-
balism of larger centipedes (Rawctirre 1988) and the drier condi-
tions on the surface.

Since there are several ecological groups of centipedes, a
combination of methods is necessary to sample them all. Our
results have shown that the most useful methods are pitfall
trapping and heat extraction of soil samples. Both methods
are relatively inexpensive. Pitfall traps are made from com-
mon glass or plastic pots usually and Tullgren apparatuses can
be simply created from plastic pails (Tur & Tvarbik 2005).
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Abstract

Some species of centipedes and millipedes inhabit upper soil layers exclusively and are not recorded by
pitfall trapping. Because of their sensitivity to soil conditions, they can be sampled quantitatively for
evaluation of soil conditions. Soil samples are heavy to transport and their processing is time consuming,
and such sampling leads to disturbance of the soil surface which land-owners do not like. We evaluated the
use of hay-bait traps to sample soil dwelling millipedes and centipedes. The effectiveness of this method
was found to be similar to the effectiveness of soil sampling. Hay-bait traps installed for 8—10 weeks can

substitute for direct soil sampling in ecological and inventory studies.
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Introduction

Soil macrofauna is commonly used for monitoring or evaluation of sites. Besides
ground beetles (e.g. Hirka et al. 1996, Kotze et al. 2011), spiders (e.g. Buchar and
Ruazicka 2002, Maelfait et al. 2004) or woodlice (e.g. Souty-Grosset et al. 2005, Tuf
and Tufovd 2008), centipedes and millipedes are sampled frequently too (Tuf and
Tufovd 2008, Dunger and Voigtlinder 2009). Nevertheless, not all species of cen-
tipedes and millipedes are ground-dwelling with many species inhabiting the upper
soil layer exclusively (Lee 2006, Barber and Keay 1988). Soil dwelling animals can
be sampled using litter/soil sieving, soil sampling or hand-collecting. Sieved mate-
rial and soil samples have to be hand-sorted or processed using heat extractors, e.g.
Tullgren funnel or Kempson apparatus (Tuf and Tvardik 2005). Handling of soil
samples can be difficult due to the higher weight of samples (one sample of size 25 x
25 x 10 cm weighs around 6 kg). Litter/soil sieving can reduce the weight of samples,
nevertheless as with hand-collecting, it is time consuming and attention-intensive.
Moreover, soil sampling can cause damage to the site; pot-holes created by a soil
corer can endanger people passing the site and can increase water erosion on slopes.
These pot-holes are definitely not popular among land-owners of the sampled sites.
For these reasons (severity of sampling, damage of ground), we have attempted to
evaluate the effectiveness of sampling centipedes and millipedes using hay-bait traps.
The aims of this research were 1) comparison of the efficiency of hay-bait trapping,
soil sampling and pitfall trapping and 2) to find the optimal length of exposure of
hay-bait traps for maximum efficiency.

Material and methods

Field study

The research was done at three sites in the Czech Republic from May to July 2013. The
first site was an alfalfa field (49°34.41'N, 17°17.17'E) on the border of the town of
Olomouc. This large field of ca 250 square metres is surrounded by other fields (with
cereals) and a railway embankment. In the previous year it had also grown alfalfa. The
field is under conventional management including use of herbicides and ploughing.

The second site was an old meadow (50°26.85'N, 15°0.00'E) being mown once
to twice per year for the last 30 years. This meadow of ca 500 square metres is sur-
rounded by fields and gardens with mixed wood across the road and is ca 6 km
north-east of the town of Mlad4 Boleslav. The third site studied was a mixed forest
(49°15.66'N, 17°17.72'E) 6 km south-west of the town of Kroméfiz. The forest is
classified as Fageto-Quercetum illimerosum trophicum; dominant trees are oaks, horn-
beams and some pines, with Rubus fruticosus, Galium odoratum and Galium aparine
as dominants of undergrowth. The soil surface of this forest is covered by a rather
thick layer of oak leaf litter.
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In the Czech Republic generally, the weather conditions during the study period
were characterised by average or slightly increased temperatures and higher than aver-
age precipitation in May-June, and a very hot July in contrast to long-term average
values. The previous winter season was rather warmer and with higher precipitation
(ref. historical territorial data at www.chmi.cz).

Soil macrofauna, including millipedes and centipedes, was sampled using three
methods at each site. Pitfall traps (10 traps consisting of glass jars with inserted plas-
tic pots of diameter 7.5 cm filled with 2 dI of 4% formaldehyde in water with some
detergent, metal covers) were arranged in 2 lines of 5 traps with a span of 10 m, and
inspected at 2-week intervals. Five soil samples (25 x 25 x 10 cm including litter layer)
were obtained using a spatula, three times per study (i.e. 15 soil samples per site) and
transported to the laboratory in plastic bags. Hay-bait traps were made from a wire
gauze (2 cm mesh) shaped as a simple pocket of size 25 x 25 cm. Each pocket was
marked by a code written on the band. These pockets were filled with hay (commercial
hay mixture for feeding rodent pets) and submerged into water for 2 hours before
installation. Altogether, 60 hay-bait traps were placed horizontally at each site in a
following scheme: 5 lines of 12 traps (2-5 cm under soil surface) over a length of 2 m
with 10 m between lines. All traps were installed at the same time and 5 traps were
taken away each week during the course of the study lasting for 12 weeks. Hay-traps
were transported into the laboratory inside separate plastic bags.

Sample processing

Soil samples and hay-traps were heat-extracted immediately in the laboratory using
simple Kempson devices (Tuf and Tvardik 2005). Hay-traps were extracted for a week,
soil samples for 2 weeks, both under electric 60W-bulbs. Extracted animals from both
soil samples and hay-traps were sorted to higher taxonomic groups and millipedes and
centipedes were identified to the species level.

Data analyses

We tested the effects of trapping time and methods on species richness by repeated-
measures on traps with nested design. The traps were nested in each of the three study
sites (field, meadow, forest). Explanatory variables in the model were trapping time and
trapping methods. The response variable was defined as a number of species per trap
for particular time and place. Habitat type was used as random variable. We used a
mixed model to estimate the correct error term and degrees of freedom. To test this ef-
fect, a generalized linear mixed model (glmmPQL, part of R package MASS) was used
with negative binomial error distribution and log link function (Bates et al. 2014).
To test if one level of a particular factor (trapping method and study site) is
more variable than other levels of the same factor, a permutation test was used
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(permutest.betadisper, part of R package vegan). This permutation based method
tests pairwise comparisons of group mean dispersions. It is based on the t-statistic
computed on pairwise group dispersions. A distance matrix was computed based on
“Bray-Curtis” index of dissimilarity (vegdist, part of R package vegan). Then the
function “betadisper” (part of vegan package in R) was used to calculate variance for
each group of samples. Variance was computed as average distance of group mem-
bers to the group centroid.

Rarefaction curves were constructed to show how the species richness varies for the
same sample size between the three trapping methods. Function “rarefy” (part of vegan
package in R software) computed the expected species richness and standard deviation
in random subsamples of a particular sample size from the community. Data were
analysed using R software (R Development Core Team 2011).

Results

Altogether, we obtained 541 millipedes from 17 species and 435 centipedes from 13
species (Table 1). Based on the number of recorded animals, the richest site was the
forest (553 myriapods) and poorest site was the field (100 myriapods). Number of spe-
cies showed the same pattern: 21 myriapod species in the forest and 6 in the field. Soil
sampling was the least efficient for sampling species (9 millipede and 7 centipede spe-
cies) as well as individuals (36 and 100 individuals respectively), whereas pitfall traps
and hay-bait traps were similar in their efficiency: 14-15 millipede and 9—10 centipede
species; for number of individuals, see Table 1.

Methods at individual sites were evaluated according to their efficiency using
rarefactions (Fig. 1). Bait traps sampled higher numbers of species in contrast to
other methods in the field site, meanwhile increasing sampling effort (number of
sampled animals) was connected with a bigger species list in bait traps as well as in
pitfall traps in forest.

Differences between species lists at all sites and lists sampled by individual meth-
ods were compared by pairwise comparisons and differences confirmed between all
pairs of sites (Table 2a). Nevertheless, the same analysis revealed there was no statisti-
cally significant difference between the suite of species sampled by hay-bait traps and
soil samples (Table 2b).

Evaluation of colonization of hay-bait traps (Fig. 2) showed that the highest diver-
sity as well as abundance of collected myriapods in these traps is after 7 weeks following
installation in field, or 9-10 weeks following installation in forest or meadow. A longer
period of exposure leads to a decrease of both parameters of myriapod communities.
Generalized linear mixed models reveal that changes in abundance during exposure
was significantly influenced by the second power of time (LRT = 6.43, p = 0.040, AIC
= 667.83). The analogous model for diversity confirmed significant changes during
time (LRT = 5.81, p = 0.042, AIC = 543.38) which were site dependent too (LRT =
6.74, p = 0.034, AIC = 544.12).
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Figure . Rarefactions of estimated species richness (i.e. number of species) in increasing size of random

samples (i.e. number of individuals), comparison of effectiveness of sampling by individual methods at

different sites. Vertical lines represent standard errors.

Table 2. Pairwise comparisons of species lists collected (a) at different sites and (b) by different methods.
(Observed p-value below diagonal, permuted p-value above diagonal).

a) field forest meadow b) hay-bait pitfall soil
field - 0.001 0.048 hay-bait - 0.003 0.917
forest 0.000 - 0.001 pitfall 0.003 - 0.043

meadow 0.041 0.004 - soil 0.911 0.052 -
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Figure 2. Changes in myriapod communities inside hay-bait traps installed in three biotopes during the
12 week trapping period. Qualitative as well as quantitative parameters are shown for these communities.
Open dots are observed parameters, whereas solid lines represent models of succession including standard

errors (green shading).

Discussion

Centipedes and millipedes live on the soil surface and inside soil. We can find them
through the whole soil gradient to a depth of one meter (e.g. Ilie 2003) although they
are abundant in upper layers predominantly. This is the reason why pitfall traps are
not sufficient for sampling the whole community adequately. We evaluated efficiency
of hay-bait traps for sampling soil-dwelling millipedes and centipedes with the time
consuming soil sampling (connected with destruction of the soil surface and transport
of heavy samples to the laboratory).

Bait traps were used for sampling invertebrates, mainly beetles, in caves originally
(Barber 1931). Bait traps are much more common for carnivorous or necrophagous
species; baits are represented by pieces of flesh, fish or cheese above a fixation solution
surface, or direct addition of beer to a solution. Straw, wood or yeast is placed in caves
occasionally as the baits for detritivores (Mock pers. comm.). Nevertheless, baits are
not working there as traps, as they need to be visited and inspected continuously to
collect attracted animals to avoid them to leave baits.

The first documented version of bait traps for millipedes was a shingle trap by Bar-
ber (1997) filled with kitchen tissue and potatoes. He used this trap to sample milli-
pedes and isopods at a shingle beach in England. Similar kinds of bait traps, containing
sweet potatoes or corn, were used by Brunke et al. (2012) for sampling Cylindroiulus
caeruleocinctus in Canadian fields. Almost the same traps are used with the name lit-
ter bags for studying decomposition of different kinds of litter and/or by different
size groups of decomposers (according to diameters of holes in the traps). Litter bags
are also used for sampling soil mesofauna or microarthropods (e.g. Wiegert 1974).
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Prasifka et al. (2007) used litter bags to sample ground dwelling invertebrates; they
installed litter bags at the soil surface as well as below the soil surface in a corn field.
Above-ground bait traps were attractive for centipedes (millipedes were not recorded
in this research). Apart from these publications, we did not found any records of the
use of bait traps for sampling millipedes or centipedes.

Hay-bait traps vs. soil samples

If we are interested in using hay-bait traps as an adequate (or even better) substi-
tute for soil sampling, we have to compare species lists of millipedes and centipedes
trapped by these methods. There were only three species recorded exclusively from soil
sampling, i.e. missing in hay-bait traps: millipede Brachydesmus superus and centipedes
Geophilus electricus and G. truncorum. The minute millipede species lives preferably in
clay soils with litter (Lee 2006) usually in huge quantities. This species is a dominant
species recorded by pitfall traps in cities (Riedel et al. 2009), so its absence in pitfall
traps at the meadow site is probably caused by its low abundance. Geophilus truncorum
was recorded once only, so it is hard to evaluate effectiveness of sampling of so “rare”
a species. Nevertheless, both geophilomorphs (G. electricus and G. truncorum) are
known as predators of earthworms (Sergeeva et al. 1985, Keay 1986); for this reason,
hay-bait may be not attractive for them as they follow earthworms into their corridors
in soil. So, to collect G. electricus, soil sampling or direct hand collecting seems to be
necessary. Other geophilomorphs (C. flavidus, S. nemorensis, S. acuminata, G. flavus)
are common species, which are frequently found by individual hand-collecting; they
live in soil near the surface, under logs, bark and stones (e.g. Barber and Keay 1988).
Their presence in shallow hay-bait traps is not surprising as these species were sampled
by pitfall trapping too.

One millipede species, Julus scandinavius was recorded exclusively in a hay-bait
trap, but as one specimen only was found no generalization can be made. Many more
species were found in both hay-bait traps and pitfall traps but not in soil samples. Nev-
ertheless, hay-bait traps are not a substitute method to pitfall trapping as there were
significant differences between species lists recorded by these methods (see Tab. 2), but
it can definitely substitute the soil samples.

Colonisation of hay-bait traps

Centipedes, and especially millipedes, are attracted into the hay-bait traps. The pos-
sible reason can be as a food source and/or sustainable shelter with higher humidity. At
least for millipedes, food source seems to be the more probable explanation; wet cloth
method (offering higher humidity) did not record any millipedes in African savannah
ecosystems (Druce et al. 2004). More probably, millipedes and centipedes are attracted
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by food availability, as it can be associated with hay decomposition and colonization
of the traps. Smaller decomposers colonising baits are welcomed food for carnivorous
centipedes (e.g. Perry et al. 1997).

Eight to ten weeks seems to be the optimal exposure time for hay-bait traps in
Central European conditions. A similar result was found by Ozanovd (2001) using
grass traps (a small heap of mowed grass on the surface of meadow), with a much
higher number of species after 7 weeks than for a shorter exposure time. Although
Prasifka et al. (2007) did not evaluate the effect of length of exposure time of bait
traps, it is evident from their results that below-ground traps were more effective after
8 weeks than after 6 weeks. It supports our results that the best length of exposure of
bait traps is from 8 to 10 weeks, although we aware of difficulties with this generaliza-
tion. The best length of exposure is not dependent only on a type of habitat, but also
on climate conditions (rainy or dry weather) and time of year when exposed. Traps
installed in Central European conditions in late autumn or in winter or during dry
hot summer can be colonised in different ways as invertebrates change their activity
and position in the soil profile during the year (David 1984, Geoftroy 1985, David
et al. 1996, Tuf 2002). The general recommendation for using these traps when in-
stalled in spring is to use them for 8-10 weeks. Timing of installation and the length
of time exposed in field sites will need to coordinate with agricultural activities such
as sowing and harvest times.

Conclusion

Centipedes and millipedes inhabit the soil surface as well as the soil profile. For
a complete knowledge of myriapod fauna, pitfall trapping needs to be combined
with a method to collect soil dwelling species, e.g. soil sampling. Hay-bait traps
were tested for their ability to replace soil sampling. Our results showed that hay-
bait traps are attractive to myriapods and can have a similar sampling effort as soil
sampling. The optimal length of exposure of hay-bait traps in soil seems to be ca 2
months (8—10 weeks).
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Abstract.

Research studies of the shallow subterranean habitats as environments for arthropods have been sparse up to

this point. Using subterranean traps, we studied the distribution of spiders in soil profile over a depth span of 5-95 cm at six
sites. Although almost 40% of individual specimens (1088 in total) were obtained from the epigeon (5 cm depth), spiders
colonized all parts of the soil profiles examined. Beside ground-dwelling species with significant preferences for the upper
layers, some species (Porrhomma microphthalmum (O. Pickard-Cambridge 1871), Centromerus cavernarum (L. Koch 1872),
Cicurina cicur (Fabricius 1793), Dysdera lantosquensis Simon 1882, and Nesticus cellulanus (Clerck 1757)) commonly
inhabited the whole range of the profiles studied, without any depth preference. In contrast, depigmented and
microphthalmous Porrhomma microps (Roewer 1931) and Maro sp. exclusively inhabited deep soil layers adjoining void

systems in bedrock.

Keywords:

The soil is an aphotic environment inhabited by casual
transmigrants as well as fauna adapted for subterranean life
(e.g., microphthalmy, depigmentation etc.). Soil porosity
limits the size of its inhabitants; nevertheless, soil spaces vary
in dimension from sand fissures to cave systems (Christian
1999). Three distinct types of habitats in relation to the soil
can be formally distinguished: 1) epigean, inhabited by surface
dwelling animals; 2) endogean, with mainly edaphic animals;
and 3) hypogean, with subterranean species inhabiting void
systems, including caves (Giachino & Vailati 2010).

Our knowledge of endo- and hypogeic animals is limited,
due to difficulties in collecting samples. Invertebrates inhab-
iting a subterranean environment can be studied with the use
of only a few methods. One such method is the use of pitfall
traps, modified in various ways (e.g., a collar around the nose,
perforation of walls), dug to different depths and exposed for
an extended period of time (Ruzicka 1982, 1988; Yamaguchi &
Hasegawa 1996). Another type is Barber’s Shingle Trap
(Barber 1997), with bait inside and a long hose exposed at
the depth studied. A frequently used method involves traps
installed in drills (Illie 2003; Illie et al. 2003; Negrea 2004). One
clever modification of drill trapping is the subterranean trap
designed by Schlick-Steiner and Steiner (2000) that collects
animals in one drill at various depths.

Beside an extensive knowledge of cave spiders (e.g., Paquin &
Dupérré 2009), we have some information on spiders in scree
slopes (Ruzicka et al. 1995; Ruzicka 1999a, 1999b, 2002;
Rizicka & Klimes 2005). In stony alpine debris, spiders are
generally most abundant in the upper layers, but differ
significantly depending on locality (Schlick-Steiner & Steiner
2000). A similar pattern of abundance was found in the vertical
distribution of spiders in peat bogs (Biteniekyté & Rélys 2006).
However, we have limited knowledge about spiders inhabiting
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Mesovoid shallow substratum, superficial underground compartment, subterranean environment, Araneae

soil, as endogeic and hypogeic spiders have only been studied
recently in Bulgaria (Deltshev et al. 2011). The present study
aims to reveal whether spiders inhabit deep soil layers and to
characterize the vertical distribution of spider communities at
several sites with different soil types in Central Europe.

METHODS

Site description.—The research was carried out at six sites in
the Czech Republic; three of them (Above cave, Rock, Debris)
were situated in Central Moravia near the town of Hranice na
Moravé (320 m a.s.l.). The other three sites (Beech wood,
Quarry, Valley) were situated 10 km east of the town of
Skute¢, on the border of Zdarské vrchy Protected Landscape
Area (Eastern Bohemia, approx. 450 m a.s.l.).

Above cave (49°31'N, 17°44'E): This site is situated above
Zbrasov Aragonite Caves. The cave system is linked with
stony debris above through shafts, ending approximately one
meter below the surface. The upper soil layer was covered by
leaf litter from deciduous forest. The debris was partially filled
by soil particles created by interskeletal erosion forming
lithosol soil type.

Rock (49°32'N, 17°44'E): This site is one kilometer from
Above cave under a limestone rock face in deciduous forest. In
this renzic leptosol soil type, the upper organic layer is about
5 cm thick, the A-horizon with a mixture of organic and
inorganic particles (about 15 cm thick) passing to the C-
horizon with broken-down lime bedrock (stones several
centimeters in diameter) and clay.

Debris (49°32'N, 17°44'E): This site is only about 50 m from
the Rock site on a slope in deciduous forest. The soil is similar
to the previous one, but with larger stones (20-30 cm).

Beech wood (49°50'N, 16°3'E): This site with cambisol soil
type has a thick layer of leaf litter covering an A-horizon (ca
15 cm) passing to a 50 cm-thick cambic horizon above
arenaceous marl bedrock.
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Table 1.—List of spider species in subterranean traps, with the
number of trapped specimens and their depth range (uppermost to
undermost record). Nomenclature of spiders according to Platnick
(2010) with two exceptions: Dysdera lantosquensis sensu Rezaé et al.
(2008) and Porrhomma microps (= lativelum) sensu Ruzicka (2009).

Depth
Family / Species # Specimens distribution
Dysderidae
Dysdera lantosquensis Simon
1882 25 5-95 cm
Harpactea lepida (C.L. Koch
1838) 101 5-95 cm
Harpactea rubicunda (C.L. Koch
1838) 3 5-15 cm
Nesticidae
Nesticus cellulanus (Clerck 1757) 28 5-85 cm
Theridiidae
Pholcomma gibbum (Westring
1851) 14 5-95 cm
Robertus lividus (Blackwall 1836) 13 5-35cm
Robertus truncorum (L. Koch
1872) 2 15 cm
Linyphiidae
Asthenargus perforatus Schenkel
1929 1 15 cm
Bathyphantes gracilis (Blackwall
1841) 1 5 cm
Centromerus cavernarum (L. Koch
1872) 28 5-75 cm
Centromerus silvicola (Kulczynski
1887) 37 5-55 cm
Ceratinella brevis (Wider 1834) 16 5-15 cm
Diplocephalus picinus (Blackwall
1841) 5 5-25 cm
Diplostyla concolor (Wider 1834) 7 5-15 cm
Entelecara acuminata (Wider 1834) 1 55 cm
Maro sp. 2 45-65 cm
Micrargus herbigradus
(Blackwall 1854) 5 5-15 cm
Microneta viaria
(Blackwall 1841) 6 Scm
Neriene emphana (Walckenaer 1841) 1 25 cm
Oedothorax apicatus (Blackwall 1850) 223 5-55 cm
Palliduphantes alutacius (Simon 1884) 83 5-95 cm
Porrhomma microphthalmum
(O. Pickard-Cambridge 1871) 185 5-85 cm
Porrhomma microps (Roewer 1931) 21 25-85 cm
Porrhomma oblitum
(O. Pickard-Cambridge 1871) 1 15 cm
Saaristoa firma
(O. Pickard-Cambridge 1905) 1 25 cm
Saloca diceros
(O. Pickard-Cambridge 1871) 15 5-95 cm
Tenuiphantes flavipes (Blackwall
1854) 21 5-35 cm
Tenuiphantes tenebricola (Wider 1834) 1 5 cm
Walckenaeria atrotibialis
(O. Pickard-Cambridge 1878) 2 5 cm
Walckenaeria dysderoides (Wider
1834) 1 15 cm
Walckenaeria furcillata (Menge 1869) 3 5-15 cm
Walckenaeria obtusa Blackwall 1836 2 5 cm
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Table 1.—Continued.

Depth
Family / Species # Specimens distribution

Walckenaeria vigilax (Blackwall 1853) 5 15 cm
Araneidae

Araneus diadematus Clerck 1757 1 Scm
Lycosidae

Trochosa terricola Thorell 1856 2 25-35 cm
Agelenidae

Histopona torpida (C.L. Koch 1834) 7 5-85 cm

Malthonica silvestris (L. Koch 1872) 6 5-65 cm
Cybaeidae

Cybaeus angustiarum L. Koch 1868 8 5-75 cm
Hahniidae

Hahnia nava (Blackwall 1841) 1 25 cm
Dictynidae

Cicurina cicur (Fabricius 1793) 123 5-95 cm
Amaurobiidae

Amaurobius fenestralis (Strom 1768) 2 5 cm

Callobius claustrarius (Hahn 1833) 2 5-15 cm

Coelotes terrestris (Wider 1834) 9 5-25 cm

Eurocoelotes inermis (L. Koch 1855) 12 5 cm
Liocranidae

Apostenus fuscus Westring 1851 5 5-15 cm
Clubionidae

Clubiona brevipes Blackwall 1841 3 5cm
Salticidae

Ballus chalybeius (Walckenaer 1802) 3 5 cm

Neon reticulatus (Blackwall 1853) 9 15-25 cm

Quarry (49°50'N, 16°2'E). This site was situated in an
abandoned basalt quarry. The soil profile consisted entirely of
pieces of basalt about 10 cm in size. The upper soil layers,
including vegetation, were removed during excavation.

Valley (49°50'N, 16°2'E): This site is ca 1 km from the
preceding one, situated in the Krounka stream basin. This
debris slope is covered by deciduous forest and large stones
overgrown with mosses. The homogenous soil profile com-
prised of basalt stones is about 20-25 cm in size with space
partially filled by organic material from trees and inorganic
particles created by erosion to a depth of one meter.

Sampling.—Spiders were collected using subterranean traps
(Schlick-Steiner & Steiner 2000). The trap, made of rigid
plastic, consists of a tube (10 cm in diameter) with three
fissures (ca 4 mm wide, 67 cm long) at 10 cm intervals. The
traps are over one meter long, and the last sampling fissure
was 95 cm deep. A hole, about 1.5 X 0.7 m and 1.3 m deep was
dug at each site, and soils of different layers were separated
carefully using plastic sheets. Three tubes were put in the hole
in line with each other, 50 cm apart, and the hole was then
filled with soil in the proper order. A set of ten removable
plastic containers (250 ml) situated on a central metal axis was
placed in each tube; the position of the containers corre-
sponded to the fissures in the tube. Through this arrangement,
the containers collected animals entering the tube through
fissures at particular depths. The traps were filled with a 4%
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Figure 1.—Depth distribution of spider individuals at sites studied (number of all collected specimens). A — Above cave (altogether 205
individuals, 17 spp.), B — Rock (55 individuals, 12 spp.), C — Debris (126 individuals, 20 spp.), D — Beech wood (113 individuals, 17 spp.), E —
Quarry (433 individuals, 9 spp.), F — Valley (156 individuals, 18 spp.).

formaldehyde solution and emptied at six-week intervals
between 7 March 2005 and 17 March 2007. Voucher
specimens are deposited in the collection of V. Ruzicka at
the Institute of Entomology, Biology Centre, AS CR in Ceské
Budgjovice.

Data analysis.—In the analysis, we used only species with
more than 10 individuals and/or species found in more than
four sites. RDA (Canonical redundancy analysis) was used to
study the effect of depth and individual site. The significance of
the first axis was determined by a Monte Carlo permutation test
(499 permutations). Data standardized by error variance were
used for RDA. Generalized linear models (GLM) with Poisson
errors were used to study the relationship of each species and
environmental variables (site, depth). CANOCO software was
used for these analyses (Ter Braak, Smilauer 1998).

RESULTS

The most numerous taxa collected were Collembola
(44.7%), followed by Diptera (13.0%), Oniscidea (12.5%),
Coleoptera (10.8%), Araneae (10.0%), and other rare taxa
(Diplopoda 2.7%, Acarina 2.0%, Chilopoda 1.3%, Pseudo-

scorpiones 1.1%, Formicidae 0.8%, Dermaptera 0.6%, and
Opiliones 0.4% respectively). Altogether, 1088 spider speci-
mens of 48 species were trapped (Table 1). Among 14 spider
families, the Linyphiidae was the richest in species (26 species),
followed by the Amaurobiidae (4 species), Theridiidae and
Dysderidae (3 species each) and Agelenidae and Salticidae (2
species each). We only evaluated the distribution of the 17
most numerous species statistically.

Quarry was the site with the greatest number of trapped
spiders (433 individuals, 9 species); the highest number of
species was recorded at Debris (20 species). The most
numerous catches were in the upper level, at a depth of 5 cm
(almost 40% of the individuals), and the lowest were at a depth
of 95 cm (2.5%). Beside the most abundant spiders at the
uppermost level, no common pattern was typical for all sites
(Fig. 1). The number of spider species below 55 cm was
highest in the Above cave site (over 30%), followed by Debris,
Beech wood, and Valley sites (about 20%), followed by Rock
and Quarry sites (only approximately 6%).

The RDA model revealed significant differences among the
distribution of species (F = 9.07, P < 0.01). The sum of all
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Figure 2.—RDA ordination biplot illustrating distribution of spiders in relation to sites and depth. Abbreviations: CenCav — Centromerus
cavernarum, CenSil — Centromerus silvicola, CerBre — Ceratinella brevis, CicCic — Cicurina cicur, DipCon — Diplostyla concolor, DysLan — Dysdera
lantosquensis, Eurlne — Eurocoelotes inermis, HarLep — Harpactea lepida, NesCel — Nesticus cellulanus, OedApi — Oedothorax apicatus, PalAlu —
Palliduphantes alutacius, PhoGib — Pholcomma gibbum, PorMil — Porrhomma microphthalmum, PorMis — Porrhomma microps, RobLiv —

Robertus lividus, SalDic — Saloca diceros, TenFla — Tenuiphantes flavipes.

canonical eigenvalues explains 50.7% of variability. Although
there is no common pattern of depth distribution of spiders,
depth is a significant general predictor (F = 7.74, P < 0.01),
and distribution patterns and community compositions differ
among sites (F = 3.18, P = 0.04). The ordination diagram
shows that Porrhoma microps (Roewer 1931) is positively
correlated with soil depth (Fig. 2).

GLM modeling of the response of the 17 dominant spider
species to depth showed significant pattern for ground-dwelling
species mainly; the spiders inhabiting the entire profile do not
significantly prefer any depth (Table 2). These 17 species can be
separated into four categories according to their depth
distribution and preferences (distributions of 11 species with
more than 20 trapped specimens are displayed in Fig. 3):

1. Exclusively surface dwelling species: Eurocoelotes inermis
(L. Koch 1855), Diplostyla concolor (Wider 1834),
Ceratinella brevis (Wider 1834)

2. Surface-dwelling species (significant preference for upper
layers) penetrating into deeper layers: Centromerus
silvicola (Kulczynski 1887), Oedothorax apicatus (Black-
wall 1850), Tenuiphantes flavipes (Blackwall 1854),
Harpactea lepida (C.L. Koch 1838), Robertus lividus
(Blackwall 1836), Palliduphantes alutacius (Simon 1884),
Saloca diceros (O. Pickard-Cambridge 1871)

3. Species inhabiting whole soil profile (without preference
for any depth): Pholcomma gibbum (Westring 1851),

Porrhomma microphthalmum (O. Pickard-Cambridge
1871), Centromerus cavernarum (L. Koch 1872), Cicurina
cicur (Farricius 1793), Dysdera lantosquensis Simon 1882,
Nesticus cellulanus (Clerck 1757)

4. Species inhabiting exclusively (any) of the deeper layers:
Porrhomma microps. Two other species, too rare for
statistical evaluation, were found in the deeper layers:
Entelecara acuminata (Wider 1834) at 55 cm and Maro
sp. at 45 cm and 65 cm (identification is complicated by
expanded palps; these two specimens have slightly
reduced eyes, unlike species of Maro, posterior median
eyes 1.2 diameters apart).

DISCUSSION

Studies of the deep soil layer environment have been scarce
due to the difficulty of sampling these arthropod communities.
We present evidence for the occurrence of spiders (inverte-
brates larger than typical soil invertebrates such as mites and
collembolans) in soil layers down to one meter in depth.

Vertical distribution of spiders in the soil profile differed
according to the habitat type. Although we were not able to
evaluate the soil porosity due to the presence of large stones
(making it impossible to take intact soil samples), we assume
that there were relatively large spaces at some study sites (e.g.,
in fractured, arenaceous marl bedrock). This seems to be an
important factor for the vertical distribution of spiders.
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Figure 3.—Depth distribution of 11 species (more than 20 trapped specimens apiece). Bars represent mean proportions, whiskers are 95%
confidence intervals. A — Tenuiphantes flavipes (mean record at 12 cm), B — Oedothorax apicatus (mean record at 11 cm), C — Centromerus
silvicola (mean record at 10 cm), D — Porrhomma microphthalmum (mean record at 27 cm), E — Harpactea lepida (mean record at 19 cm), F —
Palliduphantes alutacius (mean record at 38 cm), G — Centromerus cavernarum (mean record at 39 cm), H — Cicurina cicur (mean record at 40 cm),
I - Dysdera lantosquensis (mean record at 40 cm), J — Nesticus cellulanus (mean record at 48 cm), K — Porrhomma microps (mean record at 61 cm).

Spiders were found to inhabit deeper soil layers in scree slopes
with large soil spaces (4bove cave, Debris, Valley, Beech wood,
Fig. 1). Spiders were less common in the deeper soil layers in
sites with small spaces and small stones. The Beech wood site
was a different case, hosting spiders in the deep soil layer,
which likely did not penetrate it from the surface. Spiders
found here were microphthalmous species that can inhabit the
subterranean environment created by systems of voids (MSS)
in arenaceous marl bedrock exclusively. Presence of MSS is
evident at sites Above Cave (corresponding with cave
environment) and also Valley (Fig. 1).

Several species exhibit a clear tendency to live in deep soil
layers. These belong to the families Linyphiidae, Dictynidae,
and Nesticidae. Small body size results in a large ratio of
surface area to volume, and vulnerability of desiccation. The
deeper layers of soil can protect these individuals against
desiccation. Such a pattern was described by Wagner et al.
(2003) in the litter at a microscale level.

An affinity to a broad spectrum of subterranean habitats is
found in species of the genus Porrhomma. A species recorded
in this study, P. microps, has been repeatedly found in caves in
Italy and in leaf litter in Germany (Ruzicka 2009). Although it
also inhabits leaf litter in floodplain forests of the Czech
Republic (Buchar & Ruzicka 2002), it was also recently found

Table 2.—Categorization of species by their affinity to depth and
results of GLM model (Note: only values related to depth
are presented).

Species Category F P
Ceratinella brevis 1 3.78 0.03
Diplostyla concolor 1 2491 < 1.0e-6
Eurocoelotes inermis 1 20.18 < 1.0e-6
Centromerus silvicola 2 5.12 0.01
Harpactea lepida 2 12.56 0.00
Oedothorax apicatus 2 3.51 0.04
Palliduphantes alutacius 2 3.62 0.03
Robertus lividus 2 4.71 0.01
Saloca diceros 2 3.17 0.05
Tenuiphantes flavipes 2 13.93 0.00
Centromerus cavernarum 3 1.75 0.18
Cicurina cicur 3 1.45 0.24
Dysdera lantosquensis 3 2.21 0.12
Pholcomma gibbum 3 2.97 0.06
Porrhomma microphthalmum 3 2.06 0.14
Nesticus cellulanus 3 0.96 0.39
Porrhomma microps 4 1.67 0.20
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in karst and pseudokarst caves. Porrhomma egeria Simon 1884
was recorded in basalt scree slopes at a depth of about 1 m
(Ruzicka et al. 1995) and in the block accumulations and
crevice caves in a decaying gneiss massif at depths greater than
5 m (Ruzicka 1996). A troglomorphic population of Por-
rhomma myops Simon 1884 was recorded in caves and in
andesite scree slopes at a depth of 40-100 cm (Ruzicka 2002),
whereas an edaphomorphic population of this species was
described from a deep soil layer (35-95 cm) in floodplain
forest (Ruzicka et al. 2011). Porrhomma microcavense Wun-
derlich 1990 was recorded in an arenaceous marl layer (Kurka
et al. 2006). This rock is known to form extensive under-
ground void systems, and we consider these void systems to be
ideal locations for the future research of invertebrates in
shallow subterranean habitats. This assumption is supported
by a record of microphthalmous Maro sp. in a beech forest on
arenaceous marl bedrock during our research.

Another species, Zangherella relicta (Kratochvil 1935)
(Anapidae) was described from caves in Montenegro, and
recently it was found at several localities in Bulgaria, where it
occurs exclusively in mountain scree slopes at depths of 40—
50 cm (Deltshev et al. 2011). All these findings document
individual phases of the evolutionary process leading to
colonization of subterranean environment over the entire
depth profile of the terrain (Ruzicka 1999a; Culver & Pipan
2009; Giachino & Vailati 2010).
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Abstract: Communities of centipedes (Chilopoda) were studied at three localities in eastern Bohemia (Czech Republic) near the town
of Skute¢ using modified subterranean traps. Centipedes were trapped separately from depths of 5, 15, 25, 35, 45, 55, 65, 75, 85, and
95 cm to allow evaluation of the vertical distribution in the soil. Presence of centipedes in deeper soil profiles is related to their ability
to colonize the subterranean environment. Lithobius tenebrosus fennoscandius, L. lucifugus, L. macilentus, Cryptops parisi, Strigamia
acuminata, and S. transsilvanica inhabited deeper soil layers preferentially. This study shows that soil can be inhabited by cave centipedes
or centipedes with montane distribution.

Key words: Chilopoda, milieu souterrain superficiel, mesovoid shallow substratum, superficial underground compartment, subterranean

environment

There are many species inhabiting soil as spaces in soil
offer free ecological niches (Ruzicka, 1999). Nevertheless,
life underground is enabled by specific adaptations.
Christiansen (1992) summarized exaptations as the key
factor necessary for colonization of subterranean habitats,
although we do not know for which environmental factors
these preadaptations were evolved. Vandel (1965) suggested
that cave species probably evolved from surface-dwelling
species (terrestrial as well as aquatic ones). Recent studies
support an alternative view: adaptations to life in soil are
good preadaptations to life in caves as well as in the mesovoid
shallow substratum (MSS, i.e. spaces in soil and bedrock
mainly; Ortuflo et al,, 2013). Razicka (1999) showed that
some troglomorphic species of spiders in Central Europe
are related to species inhabiting forest soils, screes, rock
fissures, mountain snowfields, and peat bogs. The vertical
distribution of spiders in the soil was recently studied in
forests (Deltshev et al., 2011; Laska et al., 2011; Razicka et
al., 2011), peat bogs (Biteniekyté and Rélys, 2006), and screes
(Culver and Pipan, 2009; Pipan et al., 2011). Nevertheless,
the vertical distribution of centipedes in soil and the MSS
has rarely been studied (Nitzu et al., 1999; Ilie, 2003; Rendo$
et al., 2012, 2016) and then at the community level only,
so we do not have information about the distribution of
individual species in the soil profile. The aim of this study is
to describe the vertical distribution of individual centipede
species at three localities with different soil conditions.

* Correspondence: ivan.tuf@upol.cz

The study was done at three localities in eastern
Bohemia, 10 km northwest of Skute¢. The first locality,
called beech, was in this type of wood near the village
of Hlubokd. The soil was covered by approximately 15
cm of leaf litter. The clay layer of 30 cm lay on cracked
marl bedrock. The second locality was situated in slate
quarry near the village of Hnévétice. This slate quarry soil
profile was almost homogeneous, created by bigger stones
(approx. 10-15 c¢cm) with some amount of soil among
them. The third locality was located in the valley of the
Krounka River between Hnévétice and Predhradi. There
was a scree slope of big stones (20-30 cm) partially filled
by soil and detritus.

Centipedes were sampled using subterranean traps
according to the alpine model of Schlick-Steiner and
Steiner (2000), similar to that of Lépez and Oromi (2010).
Traps were made from long tubes buried in a vertical
position from the soil surface to a depth of 130 cm. Walls
of the tube were perforated in intervals of 10 cm. Inside the
tubes there were systems of 10 pots with fixation solution,
which collected the animals entering into tubes at depths
of 5, 15, 25, 35, 45, 55, 65, 75, 85, and 95 cm, respectively.
As a fixation solution, 4% formaldehyde was used. At
each locality, three traps were installed in one hollow. The
distance between traps was 50-60 cm. During installation
of traps, the hollow was filled by material (soil, stones)
considering the original stratification of stones. Traps were
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inspected once every 6 weeks from March 2005 to March
2006.

In total, 63 centipedes were collected by subterranean
traps during 54 weeks or 1 year. This material comprised
11 species of centipedes (and 5 individuals of juveniles
of the genus Lithobius). The highest number of species of
centipedes inhabited the locality valley (7 species), while
the locality quarry was inhabited by Lamyctes emarginatus
only (Table).

Localities differed strongly in centipede vertical
distribution patterns. Whereas L. emarginatus was
recorded in quarry from upper layers exclusively (up to 15
cm), centipedes inhabited deep layers at beech (up to 75
cm) as well as at valley (whole profile). The highest number
of species (5) was recorded in the deepest layer at valley.

Species associated with upper soil layers (i.e. depths of
5 and 15 cm) were L. nodulipes, L. mutabilis, and L. agilis,
while L. lucifugus, L. tenebrosus fennoscandius, and both

Table. Vertical distribution of trapped centipedes (number of individuals / 3 traps / 1 year) and time pattern of presence at relevant

depths (month span) at three studied localities.
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recorded species of the genus Strigamia were present at
lower depths (i.e. below 55 cm) predominantly. Centipedes
were trapped frequently during summer (June-August)
and winter (October-December) (Table).

Sampling of centipedes using three subterranean traps
for 1 year yielded 63 trapped individuals. This number of
trapped centipedes seems to be relatively low compared
to common Barber traps (e.g., Tuf, 2015), but adequate in
comparison to other published studies about subterranean
traps: one unidentified centipede was trapped by several
such traps during 2 weeks in Steinernes Meer in Carinthia,
Austria (Schlick-Steiner and Steiner, 2000) and 69
specimens were trapped during 1 year in three traps in
Western Carpathians Mts., Slovakia (Rendo$ et al.,, 2012,
2016).

Beside the eurytopic species Lithobius forficatus, three
species of the genus Lithobius, order Lithobiomorpha,
were frequent in the whole profile and/or were more
frequent in depths of 30 cm and more than in upper layers:
Lithobius tenebrosus fennoscandius, Lithobius lucifugus,
and Lithobius macilentus.

The presence of L. tenebrosus fennoscandius in the
valley locality is remarkable, because this species was
known from the Czech Republic from the Giant Mountains
(Tajovsky, 2000) and the Décéinsky Snéznik (Hoher
Schneeberg) Mountains (Tajovsky, 1998) only, i.e. typical
montane species distribution. The species is known from
Scandinavia, as its name suggests. Recently was recorded
in the MSS in Hranicky kras and an abyss in Moravsky
kras Czech Republic, as well (Mikula, unpublished data;
Ruzicka et al,, 2016). It seems to be evident that this
species from Nordic countries is able to survive in Central
Europe in montane and subterranean conditions only,
probably because of its preference for lower temperatures.
Its presence in the MSS and deeper soil profiles can be a
reason for underestimation of its distribution. Moreover,
the nominate subspecies was recorded in soil layers in
Banat and Closani, Romania, as well (Ilie, 2003).

Lithobius lucifugus is well known from different karstic
areas (e.g., Folkmanovd, 1951; Ilie et al., 2003; Ilie, 2004);
this species shows an ability to inhabit caves as well
as different underground artificial spaces (Novak and
Danyi, 2010; Dvorak and Dvorakova, 2015; Rizicka et al.,
2016). The third species, L. macilentus, has been known
from Czech caves for a long time (Vali$, 1904). All these
species found in deep soil are cave species or montane
species: the MSS offers a suitable substitute environment
for species preferring lower temperatures. According to
data of the Czech Hydrometeorological Institute, all these
species were trapped during relatively warmer months in
June-September  (http://portal.chmi.cz/historicka-data/
pocasi/uzemni-teploty?l=en) or dryer months of June and
September-November (http://portal.chmi.cz/historicka-

data/pocasi/uzemni-srazky?l=en). It seems evident that
soil can be a refuge for these species, similarly as some
talus slopes can be refuges for cold-adapted boreal species
(Ruzicka et al., 2015).

Other species recorded in deeper layers, Strigamia
acuminata and  Strigamia  transsilvanica, represent
the order Geophilomorpha, the members of which
are adapted to living in soils correspondingly with its
English name, “soil centipedes” (see Tuf, 2015). Their
prolonged segmented soft body with short legs is adapted
to crawling through soil crevices. This shape of body is a
direct adaptation to soil lifestyle by the increasing of body
segment number during evolution (Minelli et al., 2009).
Both these species were categorized as chasmatophiles,
too, ie. species inhabiting the entrance part of caves
preferentially (Guli¢ka, 1985). The species Crytops parisi,
order Scolopendromorpha, also has a prolonged body and,
like the previously mentioned species, it is a chasmatophile
recorded in the MSS (Gulicka, 1985; Mikula, unpublished
data). Both species of Strigamia, as well as L. forficatus,
common inhabitants of the soil surface (Tuf, 2015), were
found in deep layers during winter. Such seasonal vertical
migrations in soil were reported for these species also at a
small scale of 0-5 cm and 5-10 cm (Tuf, 2002).

The presence of Lamyctes emarginatus at the locality
quarry is remarkable. This species usually inhabits
wetlands, banks of rivers, fields, and other disturbed
localities (Andersson, 2006), which are typically very
poor centipede communities consisting of a few species
only. Its presence at quarry as an exclusive member of the
centipede community is more evidence of its low ability
to compete with other centipedes. Its “preference” for
disturbed habitats is very probably caused by its inability
to survive in the abundant presence of other centipedes.

The MSS and soil are inhabited by remarkable species of
centipedes, which need stable temperature conditions; this
may be a reason why we can find here some cave species
as well as montane species, which try to avoid changes of
temperature on the soil surface. Species with low ability
to compete with other centipede species can also find
suitable refuge in the MSS. We should pay attention to this
subterranean environment so as to not underestimate the
overall distribution of centipedes and mainly centipedes
on the border of its distribution ranges; other studies using
these subterranean traps are therefore desirable.
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Out of Africa: The first introduced African geophilomorph centipede record
from a European greenhouse (Chilopoda: Geophilidae)
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In Europe, 184 species of Geophilomorpha are recognised (Bonato & Minelli 2014) of which eight are evaluated as alien
to the region (Stoev et al. 2010, Decker et al. 2014). Four of these have been reported from greenhouses exclusively:
Mecistocephalus guildingii Newport, 1843, Mecistocephalus maxillaris (Gervais, 1837), Tygarrup javanicus Attems,
1929 and Pectiniunguis pauperatus Silvestri, 1907. In this paper, we report another species, Polygonarea silvicola
Lawrence, 1955, which is the first Geophilomorpha species of unambiguous African origin in Europe. Description of the
specimen found in Olomouc (Czech Republic) is provided. Co-occurrence of another African species, the lithobiomorph
Lamyctes africanus (Porath, 1871) (also new for Czech Republic) is also reported here.

Material and methods
Material examined. Polygonarea silvicola Lawrence, 1955, 1 female, Palm House of the Exhibition Centre Flora
Olomouc, Czech Republic, 15.1V.2013, Igt. [.H. Tuf (deposited in the Soil Zoology Collection of the Hungarian Natural
History Museum, Budapest, Hungary (HNHM)). Lamyctes africanus (Porath, 1871): 8 females, same collecting data (5
specimens in HNHM, 3 in [.H. Tuf’s collection at Palacky University, Olomouc).

For light microscopy, specimens were dissected with the method described by Pereira (2000) then cleared in
potassium-hydroxide, mounted in Euparal, and examined under a Leica DM 1000 microscope with phase contrast optics.
Line drawings were prepared with a drawing tube. Terminology for external anatomy follows Bonato et al. (2010).

Taxonomic part
Polygonarea silvicola Lawrence, 1955 (Figures 1-15)
Polygonarea silvicola Lawrence, 1955: 141, Figs 6d—f

FIGURES 1-3. Polygonarea silvicola Lawrence, 1955: 1, habitus, dorsal view; 2, head, dorsal view; 3, sternites 7—10, ventral view.
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0.5 mm

ventral 1 dorsal
FIGURES 4-15. Polygonarea silvicola Lawrence, 1955: 4, head capsule (forcipule and maxillae removed), ventral view; 5, distal part
of mandible, antero-ventral view; 6, basal part of left antenna, ventral view; 7, labrum, ventral view; 8, clypeal area, ventral view; 9,
forcipule, left side with ventral view, right side with dorsal view; 10, second maxillary telopodite, dorsal view (areolation drawn in
part, same scale as for Fig. 11); 11, left side of maxillae, ventral view (areolation drawn in part); 12, first maxillary coxosternal lappet,

ventral view; 13, 12" sternite, ventral view (areolation drawn in part, margin of stronger areolated area marked with dotted line); 14,
posterior end of body, ventral view (setae on left leg omitted); 15, posterior end of body, dorsal view (setae of legs omitted).

Description of the specimen from Olomouc. Forty-nine leg-bearing segments, body length 29 mm. Habitus and colour
of preserved specimen in alcohol as in Fig. 1.

Antennae about 1.5 times as long as the cephalic plate, distally attenuate, with setae irregularly arranged on articles
1-2, and with some longer setae forming a rather irregular whorl on articles 3—4 as in Fig. 6. Cephalic plate about 1.5
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times as long as wide, shape as in Fig. 2 and Fig. 4. Clypeus with four setae located on the clypeal area and two setae on
the middle part, the remaining clypeal surface without setae (Fig. 4). Clypeal area as in Fig. 4 and Fig. 8, surface without
areolation. Labral mid-piece with 6 sclerotized teeth, side pieces with about 11+12 membraneous fimbriae that are very
delicate and almost transparent (Fig. 7). Mandible with a pectinate lamella of ca. 22 hyaline filaments, and with hyaline
and more sclerotized (spine-like) fringes as in Fig. 5. First maxillae with well-developed lappets both on coxosternite and
telopodites (Figs 11-12). First maxillar coxosternite without setae; coxal projections and telopodites as in Fig. 11.
Second maxillae medially joined through a very narrow, hyaline and non-areolate isthmus only (Fig. 11), process of
antero-internal corners of coxosternum well developed (Fig. 11). Second maxillary coxosternum and telopodites with
setae and apical claw as in Figs 10—11. Epipharynx with 6 pores.

Forcipular segment: when closed, the telopodites over-reach the anterior margin of the head (Fig. 2). Forcipular
tergite trapeziform, with anterior margin concave (Fig. 9). Coxosternum with incomplete chitinous lines, middle part of
the anterior border with two denticles, ochreous in colour (Fig. 9). Trochanteroprefemur with a well developed tooth on
the distal part of the medial edge, femur and tibia unarmed, tarsungulum with a denticle (Fig. 9). Posterior edge of the
ungular blade weakly serrulate. Calyx of poison gland and chaetotaxy of forcipule as in Fig. 9.

Sternites with pore fields present from the first to the penultimate sternite. Four groups of pores on sternites 1-46 as
in Figs 9 and 13, and in two subsymmetrical areas on sternites 47—48 (Fig. 14). Anterior ca. 1617 sternites with
posterior triangular protuberance running under the next segment’s metasternite (Figs 9, 13), especially well developed
and sclerotized in sternites 1-3 (Fig. 9). Sternites with medial longitudinal depression (Fig. 3) and with stronger
areolation in this part (Fig. 13).

Ultimate leg-bearing segment without separate intercalary pleurites (Fig. 15). Ultimate presternite divided along the
sagittal plane (Fig. 14). Shape and chaetotaxy of tergite and sternite as in Figs 14—15. Ultimate coxopleura with a distinct
protuberation at their distal ventral margin, tightly covered with numerous small setae similarly to the ultimate sternit’s
posterior part (Fig. 14). Six and seven coxal pores close to the sternal margin and partly covered by the sternit, opening
separately but grouped in a weakly developed longitudinal depression (Fig. 14). Ultimate legs composed of seven articles
with ratios and ventral chaetotaxy as in Fig. 14. Ultimate pretarsus represented by a claw (Fig. 14). Postpedal segments
as in Figs 14—15, gonopods uniarticulate, anal pores present.

Remarks on morphology. P. silvicola was known till now from only one specimen, the female holotype. Our
specimen fits well the detailed original description given by Lawrence (1955) and only differs in the following
characters: 1) number of pairs of legs is 49 versus 55 in holotype; 2) 6 teeth on labral mid-piece versus 7-8 in holotype;.
3) 1+1 setae on the middle part of clypeus versus 2+4 in holotype.

The difference in the number of pairs of legs can be explained by individual variability, since similar intraspecific
differences were found in other species (Lawrence 1955). The number of clypeal setae and labral teeth increases with age
in many species of Geophilidae, thus the probably younger stadium of the studied specimen (indicated also by its smaller
size) might explain the differences in these features. Although the arrangement of setae on the basal antennal articles
does not fit silvicola in the key given by Lawrence (1955) for the genus, it is in agreement with the text of the original
description published in the same paper.

Discussion

Polygonarea silvicola Lawrence, 1955 was known till now only from South Africa (Natal) and thus it is the first
geophilomorph species introduced into Europe with an unambiguous African origin (cf. Stoev et al. 2010). Considering
the subfamily Chilenophilinae as a whole, our record is the first in Europe that is probably not only about specimens that
were captured just when accidentally arrived, as in the only other known case with Steneurytion Attems, 1909 in the
United Kingdom (see Bonato & Minelli 2014). We could not get any information about the origin of the plants in the
Palm House where the specimen was collected, but a fresh import of South African material is not very probable. This
might indicate the possibility of an established population of the species either in the Palm House or in one of the
European exotic plant trade centres from where their plants were bought. In the latter case, an overlooked presence of
this species in other greenhouses in the Czech Republic (or even in other European countries) cannot be ruled out.

In addition to P. silvicola, further support of the African origin of some imports is the presence of another African
centipede, Lamyctes africanus (Porath, 1871) (Lithobiomorpha: Henicopidae), collected in the same Palm House on the
same occasion. Lamyctes africanus also has its type locality in South Africa, but it has already been reported from South-
west Australia, ile St Paul, Hawaii and Denmark (Enghoff er al. 2013).
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Abstract

Zoologists distinguish individual animals using marking techniques. Generally they test the potential
influence of marking on survival only; the influence on behaviour is usually neglected. We evaluated the
influence of two external marking techniques (nail polish and queen-bee marker) on the behaviour of
common pill woodlouse, Armadillidium vulgare. The behaviour was examined from two points of view:
(1) activity during 24 hours and (2) specific expressions of behaviour (exploring, feeding, resting and
hiding) over a 24 hour period. We compared behaviour among woodlice marked with nail polish and
queen-bee marker with the unmarked control group during a nine-day experiment. Although we did not
find any influence of marking on survival, there was an evident influence on behaviour in most cases.
Generally, in the groups of marked individuals of A. vulgare there were large differences observed against
the control group in the overall activity. Activity of marked individuals was significantly reduced and they
preferred hiding. The influence of polish and marker on the overall frequencies of behavioural categories
was evident, mainly in feeding, resting and hiding. The influence on the frequency of exploring was sig-
nificant in the polish marked group only.

Keywords

Diurnal activity, external marking, influence on behaviour, daily pattern, Isopoda, Oniscidea

Introduction

From time to time zoologists need to distinguish individuals of model species. Individual
identification is important in ecological studies (e.g. migration or population size) as well as
in ethological studies (e.g. home range or social hierarchy). Researchers are able to use indi-

Copyright T. Drahokoupilovd, .H.Tuf. This is an open access article distributed under the terms of the Creative Commons Attribution License 3.0
(CC-BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.



146 Titria Drahokoupilovd & lvan Hadridn Tuf | ZooKeys 176: 145-154 (2012)

vidual phenotypic/genotypic differences to identify individuals of some vertebrate species
(cf McGregor and Peake 1998) but this approach is a waste of time in studies of animals
with short life spans such as many invertebrates. Several methods of marking invertebrate
animals have been developed. Internal marking methods used in invertebrates are based
generally on colouring and are suitable mainly for unpigmented animals (e.g. termites,
tiny spiders or woodlice). Other internal marking methods are based on using isotopes
(radioactive or stable ones) but they are limited mainly to population studies (Southwood
and Henderson 2000). Paris (1965) also used this method in a study of common pill
woodlouse dispersal. More frequently external marking methods are used in studies of in-
vertebrates. They are especially used for marking of adult insects. Beside scarification (e.g.
deformations of beetle elythrae by rasper or laser) and tagging (labels with code on locusts,
molluscs etc.), painting is one of the most popular methods of external marking. Painting
of woodlice has been used during laboratory and field studies of their life history (Lawlor
1976, Madhavan and Shribs 1981), shelter fidelity (Brereton 1957, den Boer 1961) and
vagility (Paris and Pitelka 1962). A typical substance used for marking woodlice has been
“enamel”, substituted by nail polish in the study of Madhavan and Shribs (1981).

Acceptable methods for animal marking should not affect survival (such as in-
creasing probability of predation or infection, or causing intoxication) or behaviour of
marked individuals. The potential influence of marking on survival of marked animals
is often evaluated but the influence on behaviour is generally neglected (cf Gallepp and
Hasler 1975). Hence we decided to investigate if external marking could influence the
behaviour of the common pill woodlouse, Armadillidium vulgare (Latreille, 1804) us-
ing two external marking methods: nail polish and queen-bee marker. Our study also
aimed to investigate the potential influence of marking on survival.

Materials and methods

Biological material and marking process

Common pill woodlice, Armadillidium vulgare, were hand-collected in Olomouc
City (Czech Republic). Collected animals of similar size were sorted out and reared
in plastic boxes under room conditions (approx. temperature 21°C, almost 100% air
humidity in boxes, natural summer photoperiod, sufficient raw potato food, stones as
shelters). Three groups of 40 individuals were chosen for the experiment. Both first and
second group were marked, the third group was left unmarked and served as a control.

The two external markings selected for the experiment were nail polish (60 seconds
RIMMEL London™) and queen-bee marker (Uni Paint Marker™). The fast-drying
nail polish was selected to reduce the probability of bonding tergites or sticking of an
individual to the surface. Animals were picked up gently with two fingers, marked
quickly with a small dot of marking agent on the first pereion segment and placed back
into the box. The control group was also manipulated (i.e. picked up and placed in a
box, but without marking agent).
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Experimental design

The experiment was performed during August 2009. Individuals from polish-marked,
marker-marked and control groups were placed in groups of 4 to a box (box size
20x20x10 cm with 0.5 cm layer of plaster of Paris). A box with 4 randomly chosen
individuals from one group was considered as one sample. Each box was divided into
thirds: the first third contained 3 shelters made from dark but see-through red plas-
tic, the second third contained 40 g of fine soil and the last third contained 3 pieces
of potatoes as food. After sunset a red coated flashlight was used to minimize the
disturbance of individuals. There were 10 repetitions of each treatment, i.e. 30 boxes
altogether. After the marking process, individuals were left to acclimatize in the ex-
perimental boxes for 2 days. Observations were performed for 24 hours on the 3, 6*
and 9* day after marking. The actual behaviour of each individual was recorded once
each hour with the naked eye. Active behavioural categories were recorded as: exploring
(walking), monitoring (staying with moving antennae), cleaning (clearing of antennae
or legs), interacting (contact with another individual outside soil or shelter) or feeding
(feeding on potato, excrements or soil, drinking or defecation). Inactive behavioural
categories were recorded as biding (inactivity in soil or in shelter) or resting (inactivity
on surface).

Statistical analysis

The effect of marking on survival of woodlice was tested by comparing the number
of dead individuals from groups using a Fisher’s Exact Test. To study behavioural re-
sponses to treatment, each behavioural category was defined as proportion of individu-
als from the group of 4 individuals in the same box exhibiting this particular type of
behaviour. The four commonest (see below) categories of behaviour were evaluated,
i.e. feeding, exploring, resting and hiding. Because time of day clearly acts as a strong
confounding variable with a non-linear effect on behaviour of animals during the day,
we decided to include this variable in the model structure. We analysed the effect
of treatment (3 levels: control, marker and polish) on proportions of the exhibited
type of behaviour by fitting generalized additive models (GAMs) which are capable
of accounting for nonlinearity imposed by time of day, thereby leaving residuals for
category testing. We set binomial error distribution and logit link function to model
the effect of both predictors. We used package mgcv in program R (Wood 2006) which
is exceptional by solving the smoothing parameter estimation problem as part of the
estimation procedure. This procedure also provides approximate p-values for the null
hypotheses that each term is zero. We modelled behavioural activities for the 3, 6*
and 9" day separately. The smoothing term for time of day was always significant jus-
tifying the presence of this variable in the model. The effect of marking on activizy (we
analysed the main active categories, feeding and exploring, jointly) was visualized in
program Oriana for Windows and also analysed with GAM:s.
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Results

We did not find any difference between survival of woodlice from the control group
when compared with woodlice from the polish-marked group (3 vs 1 dead individual
in these groups; p=0.615) or with woodlice from the marker-marked group (3 vs 0
dead individuals; p=0.241).

In total, 8640 records of behaviour were collected, but some behaviour categories
were recorded rarely (cleaning 25 times, interacting 37 times, monitoring 88 times).
Influence of marking on behaviour was evident in most cases at first sight: animals
looked apathetic (i.e. they moved slowly and were less disturbed during manipulations
than the controls).

There are differences evident between activity of woodlice from control group
and woodlice from both marked groups (Fig. 1). Woodlice were active mainly dur-
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Figure I. Time-distribution of active behavioural categories (feeding and/or exploring) of A. vulgare from
all groups in observational days. Legend: CON - control, MAR — marker-marked, POL — polish-marked,
grey triangles mark night-time activity, black line running from the centre of the diagram to the outer edge
marks mean time of activity and the arcs extending to either side represent the 95% confidence limits.
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ing night, although a few unmarked individuals were active during the daylight
as well. Their activity generally started between 21:00 and 22:00 and finished at
05:00. Peaks of activity were between 00:00 and 01:30 (Fig. 1). Activity of woodlice
from both marked groups was significantly lower in all observation days (with the
exception of polish-marked group in the last day, Table 1) and showed the same
daily pattern.

All main behavioural categories were recorded with a significant 24 hour pattern.
The typical daily patterns of behavioural categories of A. vulgare were visualized with-
out effect of marking and effect of experimental day using GAM:s (Fig. 2).

Resting of woodlice was recorded mainly before sunrise (c. 05:00-06:00, Fig.
2). Woodlice from both marked groups rested significantly less during the whole
experiment (Figs 3a—c, Tab. 1). Resting was the least frequent behaviour catego-
ry among evaluated ones; woodlice were recorded resting 846 times. Feeding was
generally the second most frequented category (1023 recorded acts) of behaviour,
woodlice fed regularly at c. 00:00-05:00 (Fig. 2). Nevertheless feeding was sig-
nificantly decreased by marking; individuals from both marked groups fed less in
contrast to unmarked ones in all three days (Figs 3d—f, Tab. 1). Exploring behaviour

Table |. Statistical tests for each level of treatment that the estimate differs from zero. Whereas parameter
estimate for control group was estimated as intercept, parameters for level marker and polish represent
pure effects. Significance testing was carried out after accounting for variation imposed by time of day.
Behavioural category activity represents joined evaluation of both active categories (i.e. feeding and ex-

ploring) (see Fig. 1).

activity resting feeding exploring hiding
z value p z value p z value ? z value ? z value ?
control -9.30 | <0.001| -17.87 | <0.001 | -17.17| <0.001 | -19.33 | <0.001| -4.68 | <0.001
(intercept)

3rd | marker

-6.43 | < 0.001 -8.52 | <0.001 -4.51 | <0.001 -1.45 0.147 12.34 | <0.001
day | (x control)

polish

(x control)

-8.91| < 0.001 -5.22| < 0.001 -6.09 | < 0.001 -2.64| 0.008| 11.93|<0.001

control

. -11.93| <0.001| -19.50 | <0.001 | -16.58 | <0.001 | -15.69 | < 0.001 0.77 0.444
(intercept)

6th | marker

-4.48 | <0.001 -2.61 0.009 -3.18 0.001 0.09 0.932 6.00 | < 0.001
day | (x control)

polish 334|<0.001| -533|<0.001| -530|<0.001| 3.75|<0.001| 7.18/<0.001
(x control)
control -15.06 | < 0.001| -19.15| <0.001| -16.88|<0.001| -19.06 | <0.001| 7.59 | <0.001
(intercept)

9th | marker

-4.49 | < 0.001 -4.83 | < 0.001 -4.19 | < 0.001 -1.02 0.306 7.39 | <0.001
day | (x control)

polish

(x control)

-1.12 | 0.264 -4.67 | < 0.001 -4.42 | <0.001 3.22 | 0.001 4.45 | <0.001
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Figure 2. Daily patterns of behavioural categories as modelled by fitting GAM to illustrate a high degree

of non-linearity in the response (logits). Compound graph from curves expressing frequency of exploring,
feeding, resting and hiding of A. vulgare in a mean day

of woodlice (recorded 982 times) showed a typical and significant daily pattern in
spite of marking; woodlice were exploring boxes during night and feeding at the
same time (Fig. 2). Although there were no significant differences in the frequency
of exploring between woodlice from marker-marked group and woodlice from con-
trol group, woodlice marked by nail polish exhibited significantly less exploring in
the 3" day and more exploring in following days (Figs 3g—i, Table 1). Hiding was
the most frequent behaviour (5523 recorded acts). Woodlice were hidden especially
during daylight (c. 06:00-21:00, Fig. 2). Marked woodlice were hidden in shelters
significantly and strikingly more frequently compared with unmarked woodlice

(Figs 3j-1, Table 1).



The effect of external marking on the behaviour of the common pill woodlouse... 151

3 day 6th day 9" day
= (=} =]
o o~ ™~
£ a s (b s
5, (a) S| (b) g ()
0 o -+ A
c s =
R o ]
T =
= m «
0 . <
e < S
@ o o
o hr -
o N
CON MAR POL CON MAR POL CON MAR POL
=20 Q] =
(=] (=] (=]
o ™ o o
£9 @ 3 (e U]
o <+
£ s 3
2w ‘;
B = =
z @ ?
E < o w©
£ S N i
a b o
~ : p
CON MAR POL CON MAR POL CON MAR POL
=2 )
- |
=3 @ e
= o -
.g_“ (9) o ™ =210
£ o S =
s’ & o)
u o
T o ]
= . " =
- o o A
P4 T o
8 o o~
c o = 3
9 o <+
w0
CON MAR POL CON MAR POL CON MAR POL
) o4 o
= J"¢] @ [=]
£ < = e
£ @ (k) U]
£ s 3
8 o
-— w0
3 S =
=
i = =
Lo o o
; O
& o o
o o o
o . o =
(=31 . . . e . . . L gl . . -
CON MAR POL CON MAR POL CON MAR POL
Marking

Figure 3. Influence of marking on frequency of resting (a), (b), (), on feeding (d), (e), (f), on exploring
(), (h), (i), and on hiding (j), (k), () of A. vulgare in 3%, 6™ and 9™ day analyzed by GAMs (confidence
intervals dotted). Legend: CON — control, MAR — marker-marked, POL — polish-marked.



152 Titria Drahokoupilovd & lvan Hadridn Tuf | ZooKeys 176: 145-154 (2012)

Discussion

We evaluated the effect of two external marking agents (nail polish and queen-bee
marker) on behaviour and survival of the common pill woodlouse Armadillidium vul-
gare. Neither agent had any effect on survival of woodlice, but influence on behaviour
was evident in almost all studied cases. Woodlice of both marked groups were less
active, with less feeding and more hiding in contrast to those from the control group.
Woodlice marked by nail polish also exhibited less exploring at 3™ day.

Den Boer (1961) used marking of woodlice (Porcellio scaber Latreille, 1804) by
“shellac-solution in alcohol with pigment” to study shelter fidelity. He marked wood-
lice found on trees and tried to observe them again an hour later. He saw only about
10-20% of them (even though he prevented them escaping from the trees using tree-
banding grease) and he concluded that the marked woodlice were hidden in shelters
on tree trunks. Similarly our marked woodlice from both groups exhibited more hid-
ing over the whole experiment. Their hiding behaviour could be connected with ag-
gregation as result of attraction between conspecifics (Devigne et al. 2011) as well as
looking for excrement as suitable source of food (Hassall and Rushton 1982). Greater
exploring behaviour of unmarked woodlice at start of experiment can be associated
with active interest in the new neighbourhood, marked animals were more apathetic.

Paris and Pitelka (1962) using marked woodlice (A. vulgare) found that the popu-
lation is very fluid. They observed only a few marked individuals in bait traps the day
after marking. At first sight, this is contrary to our results. Nevertheless from the activ-
ity pattern of A. vulgare it is evident that they are hiding during daylight and feeding/
exploring during night. Paris and Pitelka checked their traps during nights, i.e. during
feeding/exploring. Probably the marked animals were hidden somewhere else and did
not enter trap due to lower activity and lower level of feeding.

Common pill woodlice were significantly less active due to marking. Cuticle of
terrestrial isopods is relatively permeable to water, they avoid desiccation by finding a
locality with suitable humidity, e.g. shelter during daytime (Hornung 2011). In our
parallel scudy with the pill millipede, Glomeris tetrasticha Brandt, 1833, marked indi-
viduals were also significantly less active than unmarked ones. Moreover, this effect of
marking on activity was much more intensive compared with the results presented here
about A. vulgare (Drahokoupilovd and Tuf 2011). Perhaps we could search for the rea-
sons in anatomy. The thin cuticle of G. tetrasticha is very permeable for water (Edney
1951) in comparison with thicker cuticle of A. vulgare. We suppose some chemicals
from polish and marker might break through cuticle into haemolymph of pill woodlice
as well as pill millipedes. Lower activity and higher resting could have been a result of
some poisoning overshoot. This question should be explored. The queen-bee marker
probably did not affect behaviour of marked bees, because the dot of marking agent
is not in contact with cuticle but usually only with hairs (Sammataro and Avitabile
1978). The lack of evidence for effect of marking on survival of woodlice should be
interpreted carefully. Firstly, we evaluated effect of marking on survival and behaviour
for 9 days only. We do not know if marked woodlice will show higher mortality later



The effect of external marking on the behaviour of the common pill woodlouse... 153

or not. Late increased mortality could be caused e.g. by reduced feeding activity of
marked woodlice. Secondly, we found an effect of external marks of nail polish on
survival of woodlouse P scaber in a longer experiment recently (Tuf et al., in prep.).

Our observations about night activity of A. vulgare are supported by previous stud-
ies. Refinetti (2000) found that A. vulgare shows strongly nocturnal activity under a
natural light-dark cycle, more or less controlled by an endogenous timer (Cloudsley-
Thompson 1956, Smith and Larimer 1979).

We conclude that common pill woodlice should not be externally marked by nail
polish or by queen-bee marker. Both marking agents cause lower activity of marked
woodlice and their usage, for example in capture-mark-recapture studies, can provide
biased or wrong results.
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Abstract

We evaluated individual behavioural patterns of isopods expressed as tonic immobility following some
intrusive treatments. Common rough woodlice, Porcellio scaber, were kept individually in plastic boxes
and tested for tonic immobility repeatedly. Reactivity, sensitivity (number of stimuli needed to respond),
and endurance of tonic immobility (TT) according three types of treatments (touch, squeeze, drop) were
evaluated. Touch was the weakest treatment and it was necessary to repeat it a number of times to obtain
a response; while squeeze and drop induced TI more frequently. Nevertheless, duration of the response
persisted for a longer time with the touch treatment. Within each set of the three treatment, the strongest
response was the third one, regardless of treatment type. Duration of reaction was affected by the size of
the woodlouse, the smallest individuals feigning death for the shortest time. Despite body size, we found
a significant individual pattern of endurance of TI among tested woodlice, which was stable across treat-
ments as well as across time (5 repetitions during a 3 week period). Porcellio scaber is one of the first species

of terrestrial isopods with documented personality traits.
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Introduction

Generally, when animals encounter their predator they (1) run away, (2) attack it or
(3) stay invisible and/or look unpalatable.

Anti-predatory behaviour including boldness can be a part of animal personal-
ity. Personality of animals has been routinely studied during the last twenty years,
although the study of personality in vertebrates prevails. Behavioural traits, which are
consistent over time in individuals and as a response to different situations, have been
described as a personality (Reale et al. 2007). The concept of personality has been used
for a relatively broad spectrum of invertebrates including crustaceans (e.g. Briffa 2013,
Biro et al. 2014, Brodin and Drotz 2014), but not explicitly studied in terrestrial iso-
pods previously. The main behavioural traits found in Crustacea are boldness (Brifa et
al. 2008; Hazlett and Bach 2010; Brifa and Twyman 2011; Brifa 2013), voraciousness
(Biro et al. 2014) and activity (Yli-Renko et al. 2014).

Change in anti-predatory behaviour during growth and development of animal
can challenge stability over time of the behavioural traits mentioned above. Examina-
tion of animal personality traits must consider consistency over two different time
intervals: short intervals to determine whether behaviour is sufficiently consistent to
be included in a study of personality, and longer intervals to determine how behaviour
changes over the course of a lifetime (Stamps and Groothuis 2010).

During their evolution, terrestrial isopods colonised land and they were faced
with new types of stresses, including new types of predators (Broly et al. 2013). The
anti-predator mechanisms used by woodlice include escape, armour, cryptic coloura-
tion, chemical protection, acoustic warning, feigning death and/or specific posture
(Witz 1990). Some of these strategies are not direct adaptations against predators, but
evolved as parts of their terrestrial life-style. For example, escape is simply an exten-
sion of the ability to move as necessary to find food and mates, while armour is usu-
ally found in isopods living in (semi) dry conditions, which need to minimize water
loss using thick cuticle (e.g. Smigel and Gibbs 2008; Csonka et al. 2013) and evolved
as a defensive reaction. Chemical defensive secretions are a direct adaptation against
predators being at least spider- (Gorvett 1956) and ant-repulsive (Deslippe et al. 1996;
Yamaguchi and Hasegawa 1996).

Terrestrial isopods developed behavioural protection known as tonic immobility
or death feigning, which is related also to behaviour known as “taking specific pos-
ture”. In general, the main difference between these categories is that “taking posture”
is aimed for protection against being swallowed by a predator (e.g. Honma et al. 2000)
and “feigning death” increases the probability to be ignored by predators with sight as
the prevailing sense. This behaviour includes the so-called conglobation or volvation,
behaviour typical for members of some isopod families such as Armadillidae, Armadil-
lidiidae, or Cylisticidae, as well as for pill millipedes (Glomerida) and giant pill milli-
pedes (Sphaerotheriida), some soil mites (Oribatida), and cuckoo wasps (Chrysidoidea).
Conglobation involves the body being rolled into non-perfect or perfect ball with legs,
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antennae and ventral body surface more or less hidden. Non-perfect conglobation (e.g.
typical for the genus Cylisticus) is less effective as uropods and antennae are not well
protected. Nevertheless, tonic immobility is a much more general behaviour than con-
globation and it is used by isopods (Quadros et al. 2012). Tonic immobility in non-
conglobating forms of isopods is characterised by the contraction of the body and the
contraction and folding of the legs towards the ventral side while holding the antennae
folded or extended backwards and pressed against the dorsal part of the first pereonites
(see fig. 1 in Quadros et al. 2012). During this posture the organism lacks motional
responsiveness to external stimulation. Differences between death feigning and conglo-
bation (called also shrinking in Anura) were discussed in the case of amphibians, but for
isopods these differences are of marginal importance (Toledo et al. 2010).

The usefulness of feigning death as an anti-predatory behavioural strategy can theo-
retically be dependent on body size of an animal. If smaller animals can be easily over-
looked by predator, the frequency of using this strategy by small animals can be higher
than by bigger animals. This pattern was confirmed in some studies (Hals and Beal
1982; Quadros et al. 2012) but not found in other ones or in other species (Hazlett and
Bach 2010; Quadros et al. 2012) for several crustaceans including terrestrial isopods.

We studied anti-predatory behaviour of the Common rough woodlouse Porcellio
scaber Latreille, 1804, and we added a new parameter to standard experimental design
— repetitions at the individual level. With this modification we were able to study the
stability of behavioural traits, i.e. animal personality. The main aims of this research
were: Are there any patterns in death feigning (tonic immobility, TI) behaviour? Is
TI affected by type of treatment or its order? Is there a body-size pattern of behaviour
among woodlice suggesting any developmental changes of its behaviour? Despite size
of body, is there an individual specific pattern of behaviour among woodlice, i.e. are
we able to evaluate their boldness on personal level?

Methods

Subjects and housing conditions

Several hundreds of Common rough woodlice, Porcellio scaber, were collected in the
environment of Kutna Hora, Czech Republic (urban green areas and gardens) during
June 2013. Following transport to laboratory, they were not sexed, but sorted in three
size categories by length (small < 7 mm, medium 7-12 mm, and large > 12 mm). Size
of woodlouse is related to its age (Zimmer 2002). Fifty individuals of each size category
were inserted into small non-transparent plastic boxes (area 33 cm?) each with a thin
plaster of Paris layer on the bottom. Each isopod individual had its own identifying
code (ID) marked on its box. These codes enabled analyses of the stability of its behav-
iour (personality). Isopods were fed on potatoes and plaster was kept moist; natural
(room) temperature regime was maintained at 21-26 °C.
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Procedure

Behavioural experiments followed the design used by Quadros et al. (2012); each iso-
pod was exposed to several treatments. One experimental set contained three types
of treatments to induce tonic immobility (T1): touch, squeeze, and drop. The touch
stimulus was applied as gentle nudge to the isopod with forceps. The squeeze stimulus
was applied as a firm grab to the isopod body by entomological soft-metal forceps,
when one prong was undercutting the ventral part of the body and the other part was
applied on the dorsal part. The drop stimulus was similar to squeeze one, though fol-
lowed by lifting to cz 10 cm and then letting it drop back in the box.

The first treatment was applied and if TI was induced, its duration was meas-
ured. If necessary, the stimulus was repeated up to 5 times in order to induce TI. If
TI was not induced, lack of reaction was recorded. We let individual woodlouse rest
for approximately 30 minutes and applied the second treatment in the same way and
the third treatment after a further half hour, respectively (Fig. 1). ID of woodlouse,
order of types of treatments, sensitivity or promptness of TT induction (i.e. number
of stimuli needed) or non-reactivity; and endurance of TI (i.e. time from start of TI
to the first movement of antenna or leg) was measured in each experimental set. Each
individual was involved in five experimental sets with 4 day intervals between experi-
mental sets. The order of stimuli was changed systematically to distinguish the effect of
type of stimulus from an effect of order of stimuli.

Data analysis

We tested the effects of the three types of treatment (touch, squeeze and drop) on reactiv-
ity (presence/absence of reaction to stimulus, i.e. probability of inducing T1), sensitivity
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Figure 1. Design of one experimental set. Dashed arrows symbolise repeated stimuli applied if previous

stimulus did not evoke tonic immobility. Experimental sets were applied repeatedly over a three week

period; each individual was exposed to five experimental sets with 4 days intervals between.
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(number of stimuli needed to induce T1) and endurance of T1. Experimental sets which
failed to induce TI were excluded from next data analyses. To determine the effect of dif-
ferent types of treatments we conducted repeated measures ANOVA. The error term of
ANOVA reflects that we had the type of treatment nested within individuals of wood-
lice (ID). Data were not normally distributed therefore we transformed data by decimal
logarithm. For multiple comparisons we used a pairwise t-test with adjusted p-values
by the Holm correction. We used the F test to check the significance of the explanatory
variables. Kendall’s coefficient of concordance was computed in order to determine the
consistency of between-individual differences in the three types of treatment. We also
used the correlation of TI endurance among different type of treatment. Significance of
correlations was tested by using Kendall method with Bonferroni correction.

Results

Three isopods died after the first experimental set, but data are available to evaluate
from 738 experimental sets; TI as a reaction to at least one treatment was recorded
in 334 sets (45% of sets) in 35 woodlice (23% of individuals). TT was induced by all
treatments during the same experimental set in 41 experiments (6%) in 25 woodlice,
with only one individual showing TT at each of the 15 treatments (i.e. through all five
experimental sets).

If a woodlouse reacted to a treatment in an experimental set, the probability of
reaction was influenced by type of treatment (F, ;. = 1165.00, p < 0.001, Fig. 2b); in
those experimental sets isopods reacted to drop and squeeze in all cases, but to touch
in ca 20% only. If isopods reacted to treatment by T1I, duration of TI significantly
depended on the type of treatment (F,,, = 2.97, p = 0.052, Fig. 2d), too: with touch
followed by the longest TI. Also reactivity, i.e. number of stimuli needed to induce TT,
was significantly dependent upon the type of treatment (F, , = 517.00, p < 0.001, Fig.
2f); if the global probability to react to touch is the lowest, more stimuli of touch were
necessary to induce T1.

To avoid misunderstandings relating to the effect of treatment type and its order
in the experimental set, the order of the applied treatments was changed. Without
respect to type of treatment, the third treatment was the most probable to be followed
by TI (F, ., = 81.00, p < 0.001, Fig. 2a). Nevertheless the endurance of TT shortened
significantly during experimental sets (F, ,, = 9.63, p < 0.001, Fig. 2c). On the other
hand, number of stimuli needed to induce TI was significantly related to the order of
the treatment (F, . = 16.55, p < 0.001, Fig. 2e).

Although there were no significant differences among body-size categories of P.
scaber in the probability of inducing TI (F . =0.73, p = 0.395), the longest TT dura-
tion was performed by medium body sized woodlice (F, .= 6.75, p < 0.05, Fig. 3).

Personality, i.e. individual stability of duration of TI was confirmed by Kendall’s
concordance analysis for the whole reactive group of isopods (W = 0.73, p < 0.001);
there were individual patterns of endurance of TI irrespective of type of treatment or
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Figure 2. Tonic immobility of Porcellio scaber induced by different treatments: a probability of inducing
TI by the first, the second and the third treatment b probability of inducing TT by different treatments
c endurance of TI following the first, the second and the third treatment d endurance of TT following
different treatments e sensitivity, i.e. promptness of inducing TI by the first, the second and the third
treatment f sensitivity, i.e. promptness of inducing TI by different treatments. (*** p < 0.001; ** p < 0.01;
*p<0.05)

Table 1. Correlations between durations of TI of Porcellio scaber induced by different treatments: D —
drop, S - squeeze, T — touch. (*** p < 0.001; ** p < 0.01; * p < 0.05)

all animals large-size animals | medium-size animals | small-size animals
D S T D S T D S T D S T
D - 0.55%** | 0.45*** - 0.40* | 0.32* - 107171 0.56** | - 0.44* | 0.44*
S - 0.49*** - 0.61* - ]0.52% - 0.32**
T - - - -
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Figure 3. Endurance of tonic immobility of Porcellio scaber of different body sizes induced by treatments.
(** p < 0.001; ** p < 0.01; * p < 0.05)

its order. To avoid obfuscation of personality and size-dependent differences in behav-
iour, concordance analyses for individual size categories were calculated and revealed
significant stability of endurance of TT inside all body-size categories (large size: W =
0.68, p < 0.001; medium size: W = 0.82, p < 0.001; small size: W = 0.65, p < 0.001).
Stability of patterns of durations of TT can be visualised by correlations between en-
durances of different TI values (Fig. 4). Correlations between duration of TT were
significant for P. scaber analysed as a whole group as well as between different body-size

groups (Table 1).

Discussion

We evaluated reactivity, sensitivity, and duration of tonic immobility of Porcellio sca-
ber. It is difficult to evaluate the functional significance of anti-predatory behaviour,
as there are several interfering behaviours which affect probability of an animal being
recognized, captured and consumed by predators (Lind and Cresswell 2005). These
behaviours can have evolved independently; nevertheless it is impossible to measure
the independent effect of one of those behaviours on the fitness of target animals. For
this reason we cannot say that tonic immobility increases the fitness of 2 scaber.
Generally, the reactivity was relatively low (23% of isopods). It is known that
tonic immobility is not the main anti-predatory strategy for P. scaber, as a clinger
ecomophological type (Schmalfuss 1984). They use sticking against a surface, or run
away more frequently to escape predators (77% of woodlouse in our study tried to run
away exclusively), or uses chemical protection (Gorvett 1956; Deslippe et al. 1996).
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Figure 4. Correlations between duration (in seconds) of TI of Porcellio scaber induced by the different
treatments: a correlation between duration of TI induced by squeeze and drop b correlation between
duration of TI induced by touch and drop ¢ correlation between duration of TT induced by touch and
squeeze. Data were transformed by decimal logarithm.

Nevertheless, Quadros et al. (2012) found Porcellio dilatatus to be a highly responsive
species (89% specimens used TT).

Reactivity of isopods was affected by the type of treatment. Whereas drop and
squeeze were followed by TI regularly, touch was not an effective treatment for TI in
some specimens. The explanation can be found in the manipulation of isopods by dif-
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ferent kinds of predators (e.g. Sunderland and Sutton 1980, Dejean 1997, Rezé¢ and
Pekar 2007, Quadros et al. 2012). Despite the lack of experimental verification of tonic
immobility as defence behaviour against predators and regarding the size of P. scaber,
we can hypothesise that drop treatment is probably more similar to manipulation by
some vertebrate visual predator (birds, amphibians, or lizards). Squeeze can be similar
to manipulation by some small vertebrate or large invertebrate predators (e.g. small
rodents or shrews, ground beetles of the genus Carabus), whereas touch resembles the
manipulation of small invertebrate predators (spiders, centipedes, ants, etc.). According
to these categories of predators, TT following drop can be very useful, if the isopod is lost
by predator in leaf litter. Big predators do not loose time for looking for one small prey
item. They probably continue walking and searching for another prey. Similarly, TT as
response to squeeze can also help the attacked isopod to survive, if the predator is not
able to manipulate the immobile prey very well. By contrast, the most effective defen-
sive strategy against small invertebrate predators is the secretion of chemicals (Deslippe
etal. 1996), which may not be so effective against larger predators.

It is necessary not to forget that P. scaber is strongly thigmotactic (e.g. Friedlander
1964) and lives in large aggregations (Broly et al. 2012): this is important for two as-
pects concerning its T1 reaction. First, touch is a common stimulus in the way of life of
woodlice. In aggregates, there are many conspecific individuals around; reacting by T1
to each touch becomes meaningless. For this reason, low reactivity and low sensitivity to
touch is understandable. But if touch is repeated several times (it was necessary to repeat
it more times than drop or squeeze), endurance of TI is longer than T1 following drop
or squeeze. This is probably because of the foraging mode of the predator: small inver-
tebrate predators such as spiders or ants can manipulate small isopods for a longer time
and can wait for the first movement (providing time to attack the un-armoured ventral
side). Larger predators do not waste time by waiting; they swallow prey immediately if
they notice and catch it.

Another advantage of aggregates is the higher probability of being passed over by
a predator among running conspecifics (Miyatake et al. 2009). If larger predator turns
over the shelter of a group of isopods (e.g. stone or bark on dead stump), it can be
useful to stay in TT and wait until the predator is lured away by other, running mem-
bers of the aggregation. It can be gainer strategy even if the woodlouse is lost by the
predator (drop or squeeze). In addition, the shorter duration of TT can be more useful
if the lured-away predator is coming back to search for the last prey items. It can be
an explanation for higher reactivity and shorter endurance for TT following drop and
squeeze stimuli.

Studies have shown changes in behaviour according to the type of disturbing treat-
ment. Carbines et al. (1992) studied the character of escape mechanisms of isopods
from predators. They measured turn alteration in a simple labyrinth and related it to
the probability of survival (as direction of run). If the treatment was harmless cotton-
wool fluff, the probability of survival was much lower than if Dysdera spider preda-
tors were the agent of disturbance. It means an authenticity of stimulus affected its
defensive behaviour; perhaps over time in our prolonged experiment the authenticity
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of disturbance was decreasing. During one experimental set in our study, the reactiv-
ity increased in the third treatment while in the third treatment duration of TT was
reduced. This resembles a situation when the isopod is (hypothetically) able to evaluate
the meaningless stimulation of the experimenter and learn “to escape” from this situ-
ation by a more prompt TT response for a shorter time. As this “explanation” is rather
implausible, shorter duration of TT in the last stimulus can be explained also by quick
habituation of P. scaber to stable environmental cues, as was described by Anselme
(2013). Habituation, i.e. changes of response to repeated stimulus was reported also
for the aquatic crab Chasmagnathus granulatus (Tomsic et al. 2009).

Although our research is not the first to look into TI in terrestrial isopods, the
results presented here enable to test repeatability of responses of individual isopods,
i.e. its personality. The concept of personality was used for behavioural studies of some
Crustacean species, mainly Decapoda, i.e. in crabs, hermit crabs, crayfishes (e.g. Briffa
2013, Biro et al. 2014, Brodin and Drotz 2014), as well as Isopoda (Yli-Renko et al.
2014). Among terrestrial isopods, the only study dealing with personality known to the
authors was done by Matsuno and Moriyama (2012). They found a correlation between
the walking speed and endurance of conglobation in some specimens of the Common
pill bug Armadillidium vulgare. Nevertheless, this “stable internal factor” was found
only in specimens showing a stable-style end of conglobation: specimens that finished
conglobation in two trials by leg movement or antenna movement consistently, were
more “brave” (shorter duration of tonic immobility) and ran faster compared to leg-
antenna “alternators” (i.e. specimens ending conglobation by antenna movement and
leg movement in two trials). We also found correlations in individual specimens for
duration of TT across different types of treatment and these correlations were found over
three weeks (five experimental sets with 4 day breaks), meaning that there were some
consistently more “bold” woodlice (short TI) and some more “shy” woodlice (long TT).

Correlations between length if T, even if there is a decrease of endurance of TI
during one experimental set, can be caused by habituation of isopods to repeated treat-
ment as well as their sensitivity to new type of treatment. Anselme (2013) found that
P. scaber individuals are able to habituate to an environment in around 10 minutes.
Opver this time, they become less interested in stable stimulus and their activity de-
creased. In the same study woodlice preferred new stimuli (such as a new texture of
substrate) if it was provided (Anselme 2013), or a random pattern of known stimuli
(Anselme 2015), so there is some evidence of “curiosity” in P. scaber (although not
studied at individual level).

Documented “boldness”, as a parameter of personality of P. scaber, is independent
of size (age) of specimen. Hals and Beal (1982) reported that the largest specimens (>
1 cm of length) of P. scaber reacted by TT at less intensity compared to smaller speci-
mens (< 1 cm). Similarly Quadros et al. (2012) found the same pattern in reactivity
for Balloniscus sellowii. However we did not find significant differences in reactivity of
woodlice in our three body-size groups, although there are differences in endurance of
TI among groups. The longest reaction time was measured in medium-sized woodlice
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(7-12 mm) and shortest in small-sized woodlice (< 7 mm). One explanation could be
sought in terms of changes of the effectiveness of TT as a defence mechanism against
predators. TT is not necessary for large woodlice against medium-sized and smaller
predators, because large woodlice are less catchable and can use chemical defence: their
glands are well developed and able to produce sufficient amount of secretions (Gorvett
1956, Sutton 1970) in comparison to the less developed glands in smaller stages of 7.
scaber. As well TT would not be a successful protection for the smallest woodlice against
predators such as Carabus or centipedes, as they are easy to manipulate. Indeed, the
mortality of juvenile stages of isopods is estimated to reach 80% (Sutton 1970) and
11-51% decrease in populations is caused by predation upon juveniles by inverte-
brates (Sunderland and Sutton 1980). This indicates T1 can be a useful strategy mainly
for medium-sized P. scaber specimens.

Besides finding differences in endurance of TT between body size groups, we also
identified personal behavioural patterns in all tested individuals, as well as variation
within these body-size groups. These findings are not able to resolve if personality is
changing during individual development or not. Although behavioural traits can be
stable across short time intervals, changes to personality due to development can cause
inconsistency in responses to stimuli over longer time intervals (Stamp and Groothuis
2010). We did not evaluate if traits remained the same over long time intervals, but
this type of stability was not proved for marine isopod Idothea baltica recently (Yli-
Renko et al. 2015). Investigation of long-time stability of behavioural traits in terres-
trial isopods should be a possible goal of future studies.
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CIRCADIAN RHYTHMS OF GROUND LIVING SPIDERS:
MECHANISMS OF COEXISTENCE STRATEGY BASED
ON THE BODY SIZE

ABSTRACT: Circadian rhythms of activity
are one of the many cases of the multidimensional
mechanisms of species coexistence. Except of oth-
ers, the mechanisms of coexistence strategy of
spiders involve habitat, seasonal occurrence, food
offers and body size of spiders. Circadian rhythm
of activity of ground living spiders in floodplain
forest and clearcut along the Morava River in the
Litovelské Pomoravi Protected Landscape Area
(Czech Republic, Central Europe) was studied.
Activity of whole community was asymmetrical,
diurnal activity was more frequent than nocturnal.
Abundant species were analysed closely. Patterns
of similarity in syntopic spider groups suggested
the body size is significant factor influencing their
circadian activity. We found out the predomi-
nantly small species achieved bimodal pattern
of activity, influenced by the different activity of
males and females. Generally we can conclude that
spiders smaller than 5 mm were active during late
night-morning and spiders bigger than 5 mm were
active during afternoon and evening. This pattern
was associated with changes of temperature of soil
surface — big spiders were active during warmer
parts of day. The presented data provide evidence
of body-size differences among the spiders enable
their coexistence in assemblages.

KEY WORDS: biological hours, strategy, di-
urnal, nocturnal, spider activity

1. INTRODUCTION

Animal activity is periodically synchro-
nized with the environmental day-night
rhythm. Light and humidity are important
environmental factors influenced the spi-
der circadian rhythms (Platen 1988). Uetz
(1977) argues that habitats can be arranged as
a gradient of litter spatial pattern, which has
been shown to be an important factor influ-
encing the structure of spider communities.
According to Shoener (1974), circadian
rhythm should be greater factor than habitat
specialization. Temporal stratification may be
an important means of reducing competition
(Breymeyer 1966, Luczak 1959). Flatz
(1987) found that the circadian activity of spi-
der species is asymmetrical: lycosid spiders
are active mainly during the day, linyphiids
during the midnight or in the early morning.
Lycosid spiders Pardosa lugubris and Pardosa
amentata were diurnal active under natural
changes of temperature conditions (Grans-
trom 1977), but became arrhythmic after
being kept under constant temperature. Tem-
perature plays a more important role in open
areas than in forests. In the extreme condi-
tion on Mount Rainier, Mann et al. (1980)
found that the habitat conditions, occurrence
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of food and reproductive satiation appear to
be the major controller of circadian activity
pattern. Uetz (1977) argues that interspe-
cific competition is a logical explanation,
since wandering spiders are polyphagous and
would not likely be influenced by seasonal
occurrence of individual prey species. Differ-
ences in seasonal and spatial distribution of
foraging activity are the adaptive outcomes
of interspecific competition, since overlap is
significantly lower between pairs of species
that are either closely related or of similar
size. Nocturnal and diurnal spiders, web-
building or hunting species surely exploit dif-
ferent prey resources; degrees of prey special-
ization appear to vary widely at the species
level (Nyffeler and Benz 2009). Generally,
mechanisms of species coexistence are multi-
dimensional (Enders 1976, Uetz 1977).

We analysed circadian activity rhythm of
the ground living spiders of floodplain forest
and surrounding clearcut area in spring and
autumn. We compared patterns of activity of
abundant spiders expecting differences en-
abling coexistence of these species. Differenc-
es in activity pattern of spiders were evaluated
depending upon their body size and sex.

2. STUDY AREA

The study was conducted within the
Litovelské Pomoravi Protected Landscape
Area (Czech Republic, Central Europe),
which protects a close to natural landscape
with meandering and braided channel of the
Morava River and the adjacent floodplain cov-
ered by floodplain forests and meadows. The
study sites were situated in an old floodplain
forest (Querceto-Ulmetum) and the adjacent
deforested open area (49°65'N, 17°20E; al-
titude 210 m a.s.l.). The mean litter biomass
(dry weight) in autumn was 622 g m™* (data
from November 1998). The alluvial soil was
loamy-sandy to loamy at the locality, with pH
4.8-5.0. The annual precipitation was around
520 mm and mean annual temperature was
9.1°C (Tuf et al. 2006). The herbal layer of
the floodplain forest consisted predominant-
ly of Anemone nemorosa, Polygonatum spp.,
Lathyrus vernus, and Maianthenum bifolium.
The dominant moss was Eurhynchium hians.
One part of this forest had been clear cut
in November 2002 and replanted in March

2003 with oak, elm and lime tree plants (ra-
tio 8:1:1). Before planting, the remaining
wood residue had been chipped and scattered
throughout the clearcut.

3. MATERIAL AND METHODS

The investigation was carried out in late
spring (20/V-7/VI, duration 18 days) and
early autumn (23/I1X-18/X, duration 25 days)
2004. Spiders were collected using pitfall
traps without preservative solution. At each
site the traps were set in a line with 3 m dis-
tances between the traps. Sixty traps were ar-
ranged in the forest and forty in the clearcut.
Traps were checked every tree hours, eight
times a day (i.e. at 03:00, 06:00, 09:00, 12:00,
15:00, 18:00, 21:00 and 00:00 hours Central
European Summer Time). Duration of pho-
tophase in spring was between 15 h 40 min
and 16 h 10 min, in autumn between 12 h 10
min and 10 h 38 min. Surface temperature
was measured at both sites using temperature
data-loggers (Minikin TH). Soil surface tem-
perature regime at the forest varied during
24 hours, ranging from 10.8°C to 11.9°C in
spring and from 10.1°C to 11.5°C in autumn.
Soil surface temperature regime in the clear-
cut ranged during 24 hours from 10.1°C and
17.3°C in spring, and from 7.5°C to 16.2°C in
autumn (Tuf et al. 2006).

Circular data of the diurnal activity of
abundant spider species (together males and
females in total number higher than 45 indi-
viduals) were evaluated according to Oriana
software (in Kovach 2009), including the
circular mean, length of mean vector (p),
circular standard deviation and 95 and 99%
confidence limits. Correspondence analysis
(CA) was conducted using the software Past
(Hammer et al. 2001), in which the data were
normalized. The used spider nomenclature
follows Platnick (2012). Body size data of
spiders are based on previous knowledge
(Miller 1971, Heimer and Nentwig 1991)
Or on our own measurements.

4. RESULTS

Almost 12 000 specimens of ground dwell-
ing arthropods were trapped in this study. A
total of 5 817 spiders were collected and identi-
tied. In the spring 3 766 specimens (65% of all
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Spiders) were collected in the forest and 1 282
in the clearcut. In autumn 540 individuals were
collected in the forest and 229 in the clearcut.
Spiders belonged to 102 species from 20 fami-
lies. Only a few of all the collected males were
in the mating phase, the main activity of most
trapped males had been foraging for food.

Approximately 83% of all specimens col-
lected belonged to the 13 most abundant spe-
cies whose diurnal activities were analysed.
They represent the families Linyphiidae, Ly-
cosidae, Thomisidae, Agelenidae, and Pisau-
ridae. The analysed species were divided into
four groups based on body size and sexual
differences in body size:

o group 1: small spiders (< 4 mm) with
low (£ 0.3 mm) sexual differences in
body size,

o group 2: small spiders (< 4 mm) with
high (= 0.6 mm) sexual differences in
body size,

o group 3:larger spiders (7-9 mm), and

o group 4: big spiders (= 10 mm).

In the group 3 and 4, differences in body
size of males and females were slight. Most of
the species were placed into the first two groups.

Group 1 - small spiders with low sexual
differences in body size — showed a bimodal
pattern of circadian activity. Females were
active nocturnally; males were active in the
morning (Fig. 1, Table 1). The correlation of
the activity of males and females was signifi-
cant (0.65). This group included the linyphiid
species Abacoproeces saltuum (male 1.9 mm,
female 2.0 mm), Micrargus herbigradus (male
2.0 mm, female 2.0 mm), Ceratinella brevipes
(male 1.4 mm, female 1.7 mm), Walckenaeria
dysderoides (male 1.8 mm, female 1.9 mm)
and Diplocephalus picinus (male 1.3 mm,
female 1.6 mm). Spider A. saltuum was
highly abundant in the forest. Sex ratio was
1:1 (Fig. 1, Table 1). Both sexes were active
from sunset throughout the night. Species
M. herbigradus was regularly found at both
habitats. Males predominated in the propor-
tion 3:1. In the clearcut, the circadian activity
was determined only by the males, with their
maximum of activity before 12:00. In the for-
est, males were active in the early morning,
whereas the females were active in the af-
ternoon. Linyphiid C. brevipes was found at
both habitats in both seasons. Activity of 142
individuals trapped in spring was analysed

(Fig. 1, Table 1). Females were active from the
afternoon into the night; males were active
in the morning. Species W. dysderoides was
found in spring at both study sites. In the for-
est, males were active in early morning. On
the other hand, females were active in the af-
ternoon with a maximum at 18:00. Nocturnal
activity was not observed. Spider D. picinus
was found in the forest in spring, activity of
46 individuals were analysed (Fig. 1, Tablel).
The proportion of males to females was 3:1.
Females were active in the morning, males in
the evening. A second activity phase of males
occurred before midnight.

Group 2 - small spiders with high sexual
differences in body size — was characterised
by a bimodal pattern of circadian activ-
ity. Females were active in the late evening;
males from midday to afternoon (Fig. 2).
Correlation of male and female activity was
low (0.51). The group included the species
Walckenaeria obtusa (male 3.0 mm, female
3.8 mm), Ozyptila praticola (male 2.7 mm, fe-
male 3.5 mm) and Panamomops mengei (male
1.2 mm, female 1.8 mm). Linyphiid W. obtusa
occurred both in the forest and in the clear-
cut in spring. At both study sites, males were
active in the morning; females were active in
the evening. We did not notice any nocturnal
activity. Thomisid O. praticola was trapped
in the forest in both seasons, 78 individuals
were examined. The activity of O. praticola
was divided into two day-phases. In spring,
the activity of males started in the morning
and reached its maximum at 12:00 (Fig. 2).
Females were active in the night. Linyphiid
P. mengei was found in the forest in spring.
Males prevailed (5:1) among the 214 trapped
individuals (Fig. 2, Table 1). Females were ac-
tive in the evening, while the activity of males
increased gradually during the afternoon.

Group 3 - larger spiders with similar body
size of males and females have shown a typi-
cal circadian activity pattern (Fig. 3). Females,
males as well as their juveniles were active in
the afternoon. The correlation of male and
female activity was really high (0.99). This
group included species of the genus Pardosa.
Lycosid Pardosa lugubris (male 7.1 mm, fe-
male 7.5 mm) was dominant in the spider
assemblages of both habitats throughout the
year (Table 1). Altogether 847 individuals
were analysed. Both sexes were active in the
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Table 1. Total number of trapped spiders (individuals) of abundant species during late spring and early
autumn in two habitats (forest and clearcut) in the Litovelské Pomoravi PLA collected in three-hour
intervals (F - females, M — males). Sixty traps were arranged in the forest and forty in the clearcut, dura-
tion of the traps exposition was 18 days in spring and 25 days in autumn.

Activity phase (hour
Group and Sex Season  Habitat YP ( )

species 0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00

Group 1 - small spiders
(<4 mm); low (< 0.3 mm) sexual differences in body size

F  spring forest 114 91 113 127 87 42 40 106

Abacoproeces M spring forest 175 308 254 303 242 137 141 220
saltuum
(L.Koch, 1872) F  spring  clearcut 4 5 3 2 1 4 4
M spring  clearcut 1 3 5 9 2 2 2 2
F  spring forest 3 3 4 2 2
Mi
h e%;z:g;u s M  spring forest 4 4 1 9 11 5 7
(Blackwall, F  spring  clearcut 1
1854)
M  spring  clearcut 3 4 1
F  spring forest 7 4 5 15 10 4 12 8
Ceratinella .
brevipes M spring forest 4 1 1 2 4 8 6 6
(Westring, F  spring  clearcut 3 1 2 3 4 3 4
1851)
M  spring  clearcut 1 1 4 8 4 4 3
F  spring forest 2 1 5 7 10 2
Walckenaeria M  spring  forest 3 1 5 3 2 1
dysderoides
(Wider, 1834) F spring  clearcut 1 6
M spring  clearcut 1 1 1 1 1 1
Diplocephalus F  spring forest 2 1 5 2 2 1
picinus
(lgflcﬁwau’ M spring forest 5 1 1 2 6 7 9 2

Group 2 - small spiders
(< 4 mm); high (= 0.6 mm) sexual differences in body size

F  spring forest 1 3 4 2 3
Walckenaeria M spring forest 5 7 8 9 1 1
obtusa
Blackwall, 1836 F  spring  clearcut 1 1

M  spring  clearcut 4 3 4 1

F  spring forest 1 2 2 1 3 3
Ozyptila .
praticola M  spring forest 9 4 4 3 11 3 2 10
(C.L. Koch, F autumn  forest 1 3 3 1 1 3
1837)

M autumn  forest 1 2 2 3
Panamomops F  spring forest 3 4 2 4 8 5 6 3
mengei

Simon, 1926 M spring forest 7 7 21 19 42 18 38 23
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Activity phase (hour)
Grogp and Sex Season  Habitat P
species 0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00
Group 3 -
larger spiders
(7-9 mm)
F spring forest 2 1 1 5 32 39 33 10
M  spring forest 1 14 47 54 51 22
F spring  clearcut 15 2 4 42 79 63 40 24
Pardosa lugubris M spring  clearcut 5 1 10 53 64 18 13
(Walckenaer,
1802) F  autumn forest 1 4 23 6 1
M autumn  forest 1 19 7 1
F autumn clearcut 1 1 2 13 5 1
M autumn clearcut 2 4 9 1
F  spring forest 1
Pardosa M  spring  forest 1 7 6
amentata
(Clerck, 1757) F spring  clearcut 1 2 22 15 6 1
M  spring  clearcut 2 27 16 7 2
F  spring forest 1 1 2
M  spring forest 1 2 7 1
F  spring clearcut 1 1 9 26 25 15 2
Pardosa M spring  clearcut 10 1 9 42 28 18 4
prativaga
(L. Koch, 1870) F autumn  forest 3 2 6 1
M autumn  forest 2 1 1 2 1 2
F autumn clearcut 1 1 6 4 7 1
M autumn clearcut 2 11 1
Group 4 - big spiders
(= 10 mm)
F  spring forest 16 5 3 1 2 1
M spring forest 3 1
Coelotes F  autumn forest 1 1 1
terrestris
(Wider, 1834) M autumn forest 2 2 2
juv. autumn  forest 8 12 7 25 26 31 37 34
juv.  spring forest 22 9 6 2 4 10 13
F  spring  clearcut 8 10 9 3 1 1
M spring  clearcut 12 17 4 1 1 4
Pisaura F  spring forest 3 1
mirabilis
(Clerck, 1757) M spring forest 1 2 1 1 1
juv. autumn clearcut 1 2 1

juv. autumn  forest 2 1 2 1
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Fig. 1. Circadian epigeic activity of small spiders of group 1 (with low (< 0.3 mm) differences in body
size): (A) Abacoproeces saltuum, spring, forest, (B) A. saltuum, spring, clearcut, (C) Micrargus herbi-
gradus, spring, forest, (D) M. herbigradus, spring, clearcut, (E) Ceratinela brevipes, spring, forest, (F)
C. brevipes, spring, clearcut, (G) Walckenaeria dysderoides, spring, forest, (H) Diplocephalus picinus,
spring-forest. Black line running from the centre of the diagram to the outer edge marks mean time of
activity and the arcs extending to either side represent the 95% confidence limits.

afternoon (from 12:00 to 18:00), with maxi-
mal activity at 15:00 (Fig. 3, Table 1). At the
clearcut, females achieved maximum activity
three hours earlier than in the forest. Both
sexes (1:1) and juveniles had identical activ-
ity pattern. Pardosa amentata (male 8.0 mm,
female 7.9 mm) was found at both study sites
in spring (116 individuals; sex ratio 7:5). The
activity pattern of females and males was

identical. In the forest the activity maximum
of both sexes was at 15:00, at clearcut the peak
of activity was earlier (Fig. 3, Table 1). Alto-
gether 261 individuals of Pardosa prativaga
(male 7.3 mm, female 7.5 mm) were con-
sidered. Both sexes (4:3) and juveniles were
active in the afternoon (from 12:00 to 18:00)
(Fig. 3, Table 1). The activity of species start-
ed at clearcut three hours earlier than in for-
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est. Juveniles of the genus Pardosa were found
at both study sites and in both seasons. The
activity of the juveniles of the genus Pardosa
was very similar to the adults (maximum at
12:00 in spring, and at 15:00 in autumn).
Group 4 - big spiders with similar body
size of males and females — showed a typi-
cal nocturnal activity. Females and males of
large spiders were active in the night (Fig.
4). The correlation of male and female activ-
ity was high (0.86). Coelotes terrestris (male
10.0 mm, female 12.0 mm) and Pisaura mi-
rabilis (male 13.0 mm, female 15.0 mm) be-
long to this group. In total, we found 287 in-
dividuals of C. terrestris in the forest; only 13
individuals were trapped at the clearcut (Ta-
ble 1). Adults and subadults achieved identi-
cal nocturnal activity (Fig. 4) with maximal
peak at midnight. In autumn, the majority of
population of C. terrestris consists of small

juveniles (95%), which were active in day
with maximum 18:00 (Fig. 4, Table 1). This
result corresponds with the activity of larger
spiders from the group 3. Species P. mirabilis
was trapped at both study sites in both sea-
sons (86 individuals). None of the trapped P.
mirabilis specimens was in the mating phase;
therefore it is likely that their main activity
was foraging for food. Nocturnal activity of
both sexes was identical. Males and females
were active from dusk; in the deforested
site they reached their activity maximum at
03:00, in the forest at 01:46. However, small
juveniles were active throughout the day.
This result corresponded with the diurnal
activity of larger spiders from the group 3
(Fig. 4, Table 1).

Time-patterns of activity of all groups and
both sexes were evaluated by correspondence
analysis (Fig. 5). The cumulative percentage

Fig. 2. Circadian epigeic activity of small spiders of group 2 (with high (< 0.6 mm) differences in body
size): (A) Walckenaeria obtusa, spring, forest, (B) W. obtusa, spring, clearcut, (C) Ozyptila praticola,
spring, forest, (D) O. praticola, autumn, forest, (E) Panamomops mengei, spring, forest, (F) P. mengei,
spring, clearcut. Black line running from the centre of the diagram to the outer edge marks mean time
of activity and the arcs extending to either side represent the 95% confidence limits.
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Fig. 3. Circadian epigeic activity of larger spiders of group 3 (7-9 mm): (A) Pardosa lugubris, spring,
forest, (B) P. lugubris, spring, clearcut, (C) P. lugubris, autumn, forest, (D) P. lugubris, autumn, clearcut,
(E) P. amenata spring, clearcut, (F) P. prativaga, spring, clearcut, (G) P. prativaga, autumn, clearcut, (H)
P. prativaga, spring, forest. Black line running from the centre of the diagram to the outer edge marks
mean time of activity and the arcs extending to either side represent the 95% confidence limits.

of the species variance was 89.5%. One-way
ANOVA (F = 23.2, df = 22.5, P < 0.0001)
confirmed a statistically significant differ-
ences among the variances, spiders of both
sexes from group 1 were active during morn-
ing and evening, species from group 3 were
active afternoon and species from group 4
during late night. Activity pattern of males
from group 2 was similar to activity of group
1 and whereas activity of females of group

2 was similar to activity of spiders from
group 3. Generally, despite sex and species,
we found the most contrasting difference be-
tween activity of spiders bigger and smaller
than 5 mm (Fig. 6A); their activities were af-
fected by soil surface temperature (Fig. 6B).
Spiders bigger than 5 mm increased their ac-
tivity with increase of temperature; whereas
spiders smaller than 5 mm decreased activity
during warmer parts of days.



Diurnal activity of spiders mechanism for coexistence

583

5. DISCUSSION

Based on the analysis of activity of a high
number of individuals (males and females
separately) in two habitats of the inundation
area of the Morava River we found out the rea-
son for the observed biphasic activity of gen-
eral pattern: the different circadian rhythm of
epigeic activity of smaller and bigger spiders.
Early morning activity of small spiders can be
caused not only with foraging for food, but
by presence of water in the form of dewy on
webs as well. We reached an agreement on
Ward and Lubin (1992) results that the ac-
tivity of progressively large spiders finished
exactly in the morning. This general pattern
of activity of small spiders is caused by A.
saltuum mainly (90% of all specimens from
Group 1); some species seems to be active
during afternoon (cf Fig. 1). This shift can be
a mode of suppression of interspecific com-
petition. Similar shift in activity of two spe-
cies of similar size was described for woodlice
(Tuf and Jefabkova 2008). General activity
pattern of small spiders is in accordance with
the strategies of other predatory invertebrates
as centipedes (Tuf et al. 2006).

Platen (1988) found out that spiders had
diurnal activity in spring (May-June) and
late summer (September-October), while
during winter (December) they were mainly
nocturnal. The present study yielded differ-
ent results. We found both diurnal as well as
nocturnal activity in ground living spiders
and this activity pattern did not depend on
the seasons (spring vs autumn). Flatz (1987)
observed that the circadian rhythm of activity
of spiders was asymmetrical; lycosid spiders
were active mainly during the day, whereas
linyphiids during the night or in the pre-
dawn. Granstrom (1977) found that the
activity of P. lugubris and P. amentata un-
der natural conditions was diurnal and that
temperature seems to modify the pattern -
prevention of temperature regime in labora-
tory condition led to irregular pattern. In our
study we found relationship between activity
and temperature of soil surface. Spiders of ge-
nus Pardosa representing 76% of all spiders
bigger than 5 mm, were active at afternoon.
They affected general pattern of increase of
activity of bigger spiders with increasing tem-
perature. Wolf spiders (i.e. lycosids) are ex-
cellent hunters. Many are active wandering

|
2-30-40501— 600

Fig. 4. Circadian epigeic activity of big spiders of group 4 (= 10 mm): (A) Coelotes terrestris, spring,
forest, (B) small juveniles of C. terrestris, autumn, forest, (C) Pisaura mirabilis, spring, clearcut. Black
line running from the centre of the diagram to the outer edge marks mean time of activity and the arcs
extending to either side represent the 95% confidence limits.
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Fig. 5. Correspondence analysis of circadian activity used the syntopic epigeic spider groups (in depen-
dence of their body size) (F - females, M - males, gr — groups, see fig. 1-4, Table 1).
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hunters on the ground and in the vegetation
during the day. On the other hand, the activ-
ity of really big spider (P. mirabilis > 12 mm)
was strictly nocturnal; mainly by about mid-
night. It is a typical dweller of the herb layer
of various open dry habitats, including rud-
eral ones (Buchar and Ruzicka 2002); so
it probably stays during day at warmer place
and hunt there diurnal-active insects too. C.
terrestris had a nocturnal activity pattern too;
both sexes and its subadults were active after
full darkness with the maximum at midnight
and over 90% of their activity took place in
darkness. It is therefore likely, that this noc-
turnal behaviour may be more related to biot-
ic than to physical factors of the environment
(Cloudsley-Thompson 1957, Casas
et al. 2008).

Ward and Lubin (1992) and Lubin et
al. (2001) noticed that spiders had two peri-
ods of activity: in the evening (at dusk) and
in the pre-dawn (so called crepuscular activ-
ity). Morning-active spiders had larger webs
and larger clutches than evening-active spi-
ders. Chapman and Armstrong (1997)
found linyphiid spiders being nocturnal and
crepuscular, but the authors did not dis-
criminate between the activity of males and
females. According to our study, spider spe-
cies, in which females are larger than males,
showed an activity pattern with two peaks; fe-
males were active in the late evening or night;
males were active from midday to afternoon.
We found out those small spiders with similar
body sizes of males and females showed diur-
nal activity with a single considerable phase
in the morning. Ward and Lubin (1992)
observed that small spiders built their webs
early in the evening and progressively larger
spiders set their webs through the night. This
activity pattern corresponded to the increas-
ing size of prey (nocturnal insects) becoming
active in the course of the night.

Trophic interactions between epigeic
spiders and their prey allow us to better un-
derstand their circadian rhythm of epigeic
activity. Small-bodied arthropods such as the
Collembola are in part diurnally active; the
large-sized species are exclusively nocturnal
(Mann et al. 1980, Tuf et al. 2006). Romero
and Harwood (2010) summarised that spi-
ders were selectively constructing webs where
prey was relatively more abundant.

The data presented here support the
opinion that mechanisms of species circadian
activity involve habitat, seasonal occurrence
and as well as the body size of spiders. Differ-
ent general pattern of activity of big and small
spiders can cause not only suppression of in-
terspecific competition but also suppression
of predation of bigger species upon smaller
ones. Circadian rhythm of activity of spiders
plays the great importance role to occupy the
ecological niches.
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DOES THE DIURNAL ACTIVITY PATTERN OF CARABID BEETLES DEPEND ON SEASON,
GROUND TEMPERATURE AND HABITAT?
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Abstract - The influence of season, ground temperature and habitat on diurnal epigeic activity of ground beetles (Co-
leoptera: Carabidae) in floodplain forest and neighboring clear-cut area was studied in late spring and early autumn by
pitfall trapping. Among the material collected were 35 species of ground beetles. We recorded a significant influence of
daytime factors on epigeic activity in 16 species. The epigeic activity of 13 species was co-affected by the temperature of the
soil surface. The activity of some species differed, depending on season and locality.

Key words: Carabidae, diel activity, circadian activity, seasonality, floodplain forest, Moravia, Czech Republic

INTRODUCTION

Based on their diurnal activity, carabid beetles are
usually divided into three categories - strictly diur-
nal species, species with nocturnal activity, flexible
species with activity modified by microclimatic and
geographic conditions (Thiele, 1977, Novak, 1977).
However, we can find differences in activity among
not only species and populations of the same species,
but even within a single population (Thiele and We-
ber, 1968). Species can also show various preferences
to light intensity in different phases of ontogenetic
development (differing periods of development of
larva and imago — Carabus problematicus Herbst) or
changes in periodicity of reproduction (Carabus can-
cellatus Tlliger).

Annual rhythms are also closely connected to
the circadian rhythm - 90% of species reproducing
in autumn are active at night, while among species
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reproducing in spring the proportion of nocturnal
activity is substantially lower, about 33% (Thiele and
Weber, 1968).

Diurnal activity is primarily regulated by endog-
enous physiological factors, so-called timers, but the
length of its duration could be modified by environ-
mental conditions. Light is known to be the most
important factor influencing carabid beetle activity
(Thiele, 1977), nevertheless temperature and mois-
ture levels can also play an important role in rela-
tion to the type of habitat (Thiele, 1977, Novak, 1980,
Kegel, 1990).

Studies dealing with diurnal activity can be con-
ducted under natural or laboratory conditions. In
laboratory studies, direct observations or instru-
ments recording activity on the weight basis used to
be employed (Park, 1935). Actographs are the instru-
ments used to record activity on the basis of electric
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impulses, infra-red light, or sound (Park, 1935; Back-
lund and Ekeroot, 1950). Novak (1978) designed a
special trap with automatic sampling for laboratory
research. In natural conditions, two basic tools are
commonly used: 1) simple pitfall traps in various
modifications (Williams, 1958, Loreau, 1986), or 2)
automatic traps that separate catch by individual pe-
riods (Novak, 1979, 1980).

MATERIALS AND METHODS

The study area was located in Litovelské Pomoravi
Protected Landscape Area (Central Moravia, Czech
Republic) with floodplain forest and meadows along
the Morava River. We compared two localities — old
floodplain forest (Querco-Ulmetum) and neighboring
clear-cut (49°65'N, 17°20E, altitude 210 m a.s.L).

The herbal layer of the floodplain forest consists
of Anemone nemorosa, Polygonatum spp., Lathyrus
vernus and Maianthenum bifolium; the dominant
moss was Eurhynchium hians. In November 1998,
litter biomass (dry weight) was 622 g/m? The allu-
vial soil is loamy-sandy to loamy at the locality, with
pH 4.8-5. Annual precipitation was about 520 mm;
the mean annual temperature was 9.1°C. Part of the
forest was cut in November 2002 and replanted in
March 2003 by oak, elm and lime tree (ratio 8:1:1)
using heavy forestry machines. Before replanting, the
remaining wood was chipped and scattered through-
out the whole area.

Epigeic invertebrates were caught by pitfall traps
(plastic pots) without preservative solution. In total,
60 traps were set in the forest and 40 traps were set at
the clear-cut, in line 3 m apart.

Experiments were carried out in late spring (May
20" - June 7", 18 days) and early autumn (Septem-
ber 23 - November 18", 25 days) of 2005. The traps
were checked every three hours during the research
periods (i.e. at 03:00, 06:00, 09:00, noon, 15:00, 18:00,
21:00, and midnight).

In order to obtain comparable values, all the data
were recounted for one trap. The biotope preferences

(forest vs. open-habitat species) and reproduction
biology (spring vs. autumn breeders) of each species
were taken from Larsson (1939), Lindroth (1949),
Thiele (1977), Novak (1979, 1980) and Hutirka (1996).
The temperature of the soil surface was recorded us-
ing data-loggers Minikin TH (Environmental Meas-
uring Systems Brno, www.emsbrno.cz). Canonical
Correspondence Analysis and Generalized Additive
Models for evaluating of results were created in the
program CANOCO for Windows 4.5e (ter Braak and
Smilauer. 1998); graphs were created in CanoDraw
for Windows 4.0 and Microsoft Excel.

RESULTS

During our research, 820 specimens of carabids be-
longing to 35 species were captured (Table I). The
clear-cut was more abundant in both species (32)
and the overall number of beetles (471, D = 57%);
349 specimens representing 25 species of carabid
beetles were collected in the forest. Most specimens
were collected in the spring (664 specimens, 29 spe-
cies), while only 156 specimens of 21 species were
collected in the autumn. The dominant species in
the forest was Abax parallelus (D = 42%); Bembidion
lampros dominated in the clear-cut (D = 25%). These
two species together formed nearly 40% of the catch.
The similarity between the forest and clear-cut com-
munities was low (Jaccard index = 51%). Such a low
similarity of populations is caused by a significant
presence of forest species in the woodland (11 spe-
cies, 44%) and open habitat specialists in the clear-
cut (15 species, 47%).

The epigeic activity of carabids in the forest was
concentrated to evening and nighttime hours, with
a peak period between 21:00 and midnight; in the
clear-cut, activity had a distinctive daytime charac-
ter, with peaks in the afternoon hours.

Spring epigeic activity was more or less evenly
spaced throughout the entire day, declining late at
night and in the early morning hours. Autumn was
characterized by significant afternoon peaks of activity
in a relatively narrow span, between 12:00 and 15:00 h,
and a gradual decline during evening hours (Fig. 1).
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%), model for autumn 90 % of variability (forest: F = 4.20, 40.4 %;
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A separate analysis of material collected in the
spring and in the autumn showed that the factor lo-
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open-habitat species of carabid beetles and its seasonal depen-
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cality had greater significance in the spring. On the
other hand, the factors of the daytime and tempera-
ture of the ground surface played a more significant
role in the autumn (Fig. 3).

Samples collected in the forest growth were sig-
nificantly influenced by season, while the influence
of temperature was significantly greater in the clear-
cut (Fig. 4). Both localities differed in temperature
regime, with temperatures more significantly fluctu-
ating in the clear-cut than in the forest. While spring
temperatures in the clear-cut fluctuated between 7
and 21°C, forest temperatures only ranged from 7
to 15°C. In the autumn, temperatures fluctuated be-
tween 1 and 21°C in the clear-cut, in the forest from
5 to 13°C. The amount of light at both localities was
approximately the same (Fig. 4).
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Fig. 9. Response of epigeic activity of carabid species to tempera-
ture in (a) spring and (b) autumn. For significance of response
see Table III.
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Fig. 10. Response of epigeic activity of carabid species to daytime
(a) in forest and (b) in clear-cut. For significance of response see
Table III.

Captured species were compared by their biotope
preferences. The activity of forest species fluctuated
during the year; they were active from evening to
midnight in spring, and in the afternoon in autumn,
respectively. Species in the clear-cut had the same
pattern of activity, with afternoon peaks in both sea-
sons; however, in the autumn, the peak was narrower
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Fig. 11. Response of epigeic activity of carabid species to tem-
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sponse see Table III.

- 50% of all specimens were collected in the period
12:00 - 15:00 (Fig. 5).

For the second comparison, the carabids were
sorted by reproduction biology. So-called spring
breeders became activate after dusk in the forest, and
during daylight in the clear-cut. Autumn breeders
exhibited an elevated proportion of nocturnal activ-
ity; in the forest nocturnal activity clearly dominated,
while in the clear-cut a second peak appeared — in ad-
dition to the afternoon maximum there was also in-
creased activity in the early nighttime hours (Fig. 6).

Epigeic activity vs. exogenous factors

The influence of temperature and the daytime was
tested on all species collected. The activity of 16 spe-
cies was significantly affected by daytime, while 13
species were influenced by temperature (Table III).

In RDA analysis, with season, locality, tempera-
ture and daytime as the variables (Fig. 7), the major-
ity of species were positively influenced by spring
and the clear-cut environment. A bond to the for-
est environment was found in A. parallelipipedus, A.
parallelus, Calosoma inquisitor and P. oblongopuncta-
tus, which was the only species with higher autum-
nal activity. Only the dominant species significantly
responding to at least one of the factors were used
for the analysis. A total of 8 species responded sig-
nificantly to daytime, while 9 species responded to
temperature (Table II).

With the aid of generalized additive models
(GAM), the influence of daytime and temperature
abiotic factors on the epigeic activity of the dominant
species were tested. Both Abax species and P. rufipes
exhibited significant nocturnal activity, while typi-
cal clear-cut species A. similata, P. versicolor, P. cu-
preus, B. lampros together with P. oblongopunctatus
(the only representative of forest specialist), showed
striking diurnal activity (Figs. 8a, 8b).

Increasing temperature of the soil surface posi-
tively influenced both Poecilus species as well as the
other species with clear-cut preference: B. lampros,
A. similata and P. melanarius. The forest species A.
parallelus, A. parallelipipedus and P. oblongopuncta-
tus preferred lower temperatures.

Diurnal activity vs. season

We studied the differences in epigeic activity dur-
ing spring and autumn. Only P. cupreus provided a
significant response to daytime in both periods, be-
ing active during the day, although this activity fin-
ished earlier in the autumn due to light deficiency.
Four species — A. parallelipipedus, P. melanarius, P.
versicolor, and P. cupreus — showed a significant con-
nection between epigeic activity and temperature in
both seasons (Figs. 9a and 9b). P. melanarius and A.
parallelipipedus preferred higher temperatures in the
autumn compared to the spring. P. cupreus and P,
versicolor were more active in autumn when the tem-
peratures were even lower than in spring.

Diurnal activity vs. habitat

Three species (A. parallelipipedus, A. parallelus and
A. similata) responded significantly to the daytime
factor in both habitats (Figs. 10a and 10b). Both spe-
cies of Abax had a longer period of nocturnal activity
in the forest than in the clear-cut. A. similata showed
one significant peak at 15:00 in the forest and was ac-
tive in a relatively narrow range of conditions, while
in the clear-cut, the activity peak occured much
sooner (around noon) and the range of activity was
broader. The temperature factor was significant for
A. parallelipipedus, A. parallelus and P. melanarius
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Table II: Epigeic activities of the dominant species of carabid beetles and its dependence to predictor (daytime, temperature) (n.s. — non-

significant, * p lower than 0.05, ** p lower than 0.01).

epigeic activity of F AIC
A. parallelipipedus 4.21%* 299.59
A. parallelus 4.33%* 473.996

A. similata 4.55** 95.63
B. lampros 4.01%* 376.997
P. cupreus 3.6 121.119

P. versicolor 4.92%* 50.49

P, rufipes 2.81* 72.907

P. melanarius n.s.

P. oblongopunctatus 6.07** 65.352
A. parallelipipedus 5.44** 296.552
A. parallelus 8.6** 457.631

A. similata 19.64** 84.925

B. lampros 25.03** 320.46

P. cupreus 21.8** 105.02

P, versicolor 16.83** 45.937

P, rufipes 6.23*  70.855

P. melanarius 11.82%* 73.52

P. oblongopunctatus 2.51% 67.334

in both localities; however, while A. parallelipipedus
showed a peak of activity under similar temperatures
at both localities, A. parallelus was active in the clear-
cut in lower temperatures than in the forest and P
melanarius was active in the clear-cut in higher tem-
peratures than in the forest (Figs. 11a and 11b).

DISCUSSION

According to Park (1941), during their evolution an-
imal populations tend to converge towards symme-
try of activity in the framework of a 24-hour cycle.
In our study, the carabid population in a two-year
old clear-cut represented the early stage of evolution,
while the forest population represented the advanced
(climax) stage. Thus, with the aid of Park’s hypothesis
we can predict that the activity in the open habitats
will be probably asymmetric, while the activity in
the forest would approach symmetry. If we include
all the collected beetles in the analysis (beside the
carabids, the most abundant were members of Sta-
phylinidae and Geotrupidae), activity in the forest
growth approached real symmetry (Fig. 2). In the

case of carabid beetles, the clear-cut was significantly
asymmetrical in diurnal activity, and the forest en-
vironment activity had a nocturnal character. Thus,
our results do not correspond with those of Williams
(1959), who confirmed the validity of Park’s hypoth-
esis for carabid beetles, but rather agree with Loreau
(1986), who found predominately nocturnal activity
in all dominant species of carabid beetles in a beech
forest.

In our research, clear-cuts have greater species di-
versity than woodlands, which is again in agreement
with many authors (Koivula, 2002, Magura, 2002,
Ings and Hartley, 1999) who studied the influence of
forest clearing on carabid beetle populations.

Carabids showed substantially greater activity in
the spring (85% of the specimens), which is in agree-
ment with Dondale et al. (1972), whose spring col-
lection of Carabidae and Staphylinidae composed
85% of specimens collected per year. Novak (1980)
reported a similar pattern in carabid catches depend-
ing on the season in the forest biotope.
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Table III: Epigeic activities of carabid species in connection to predictor (daytime, temperature) and locality/season.

specimens collected in/at

forest clear-cut spring autumn
predictor epigeic activity of F AIC F AIC F AIC F AIC
day-time A. parallelipipedus 7.3*  179.511 2.27* 62.21 7.97%*  227.726 n.s. -
A. parallelus 7.87%%  169.547 4.99**  106.717 10.59**  250.292 n.s. -
A. ovata n.t. n.s. - 9.42°%¢  42.835 13.49%  49.072 n.s. -
A. similata 7.84%% 3276 6.37**  122.923 12.66**  139.169 n.s. -
B. lampros n.s. - 3.02°¢  226.128 5.657¢  297.746 n.s. -
C. campestris n.t. n.s. - n.s. - 5.67** 59.038 n.s. -
E. cupreus n.t. n.s. - n.s. - n.s. - 2,77 36.511
L. piceus n.t. n.s. - n.s. - n.s. - 14.4**  13.57
P. asimilis nt. 337  40.831 n.s. - n.s. - 14.21%* 15.391
P cupreus n.s. - 11.26**  122.376 10.87*  138.181 5.77**  66.547
P, versicolor n.s. - 11.34**  86.896 16.73**  96.558 n.s. -
P, rufipes n.s. - 7.4%* 99.582 6.1%* 138.378 n.s. -
P. melanarius 2,59 96.865 n.s. - 4.45%* 147.678 n.s. -
P. niger n.t. n.s. - n.s. - n.s. - 7177 16.199
P. oblongopunctatus 6.27**  98.995 n.s. - n.s. - 3.72%% 84971
S. pumicatus n.t. n.s. - 4.45% 37702 2.29* 59.353 n.s. -
temperature  A. parallelipipedus 3.08%% 224221 4.08%%  54.438 4.86**  254.939 24*  37.685
A. parallelus 2.53*  207.705 4.23**  110.417 7.96**  260.467 n.s. -
A. ovata n.t. n.s. - 3.647  50.834 6.29%* 54.33 n.s. -
A. similata n.s. - 7.88*  110.372 9.05** 138.706 n.s. -
B. lampros n.s. - 4.317  214.284 11.29%*  250.303 n.s -
C. campestris n.t. n.s. - 5.79%* 47712 7.11%* 51.594 n.s. -
E. cupreus n.t. n.s. - n.s. - n.s. - 2937 342
H. latus nt  ns. - n.s. - ns. - 3.35%% 34448
P. cupreus n.s. - 4.26¢  147.948 14017 115.124 6.817* 58.334
P, versicolor n.s. - 3.99**  104.834 10.57**  91.354 5.12%*%  12.685
P. melanarius 3.09**  93.782 3.89**  94.869 3.78*  152.011 3.31% 44296
P. niger n.t. n.s. - n.s. - n.s. - 2.3* 35285
P. oblongopunctatus n.s. - n.s. - n.s. - 2.52*  90.062
* p less than 0.05
** p less than 0.01

n.s. - non significant
n.t. - non tested in whole material for low dominancy (<2 %)

The significant influence of locality type for the
catches in spring and autumn was given by the funda-
mental differences in the character of vegetation cov-
er in open habitats between both seasons. In spring,
the relatively thin herbal layer in the clear-cut was
scattered with patches of exposed soil; in autumn the
locality was covered with dense growth dominated
by Impatiens glandulifera. Areas with dense vegeta-

tion have a higher moisture level and therefore popu-
lations of invertebrates significantly differ from those
in spring conditions (Haysom et al., 2003).

In spring, the activity of forest species reached
a peak in the evening and early night hours, while
in autumn activity had a peak in the afternoon. Il-
osvay (1982) reports a significant peak of activity in
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the night hours (22:00-4:00) in June and July. Also,
Thiele (1977) showed that most of forest species
are night-active. In autumn, our forest species were
mostly active in the afternoon hours, probably be-
cause of extremely low temperatures in the night and
early morning.

Species in the clear-cut showed a peak of activity
in the afternoon in both spring and autumn; the only
difference was that the carabid beetles were active
in a much narrower time range in autumn. We re-
corded a significant decline in activity in the autumn
night and early morning hours. Similarly, Dondale
et al. (1972) recorded the lowest number of collected
specimens in the field in the period between 04:00
and 06:00. At this time, the temperature of the soil
surface is the lowest, and according to Thiele (1977),
temperature with light have the greatest influence on
activity of carabids preferring open habitats. Preiszn-
er and Karsai (1990), who conducted their research
on sandy grasslands, reached this same conclusion.
In our study, most of species (66%) showing a sig-
nificant response to temperature were those living in
open habitats.

Spring breeders in the forest environment were
the most active at dusk and in the early night hours,
while at the clear-cut their activity had a significant
diurnal character. Novdk (1980) recorded a pre-
dominance of activity in the daylight phase both in
the forest and in the open habitats for spring breed-
ers; but he also noted that the behavior of spring
breeders is markedly influenced by microclimate.
The evening and night peak of activity in the forest
samples was connected with the presence of domi-
nant A. parallelus, which is typically a moisture-
preferring species (Thiele, 1964), and is therefore
connected with nocturnal activity. On the other
hand, we found predominantly diurnal activity in
clear-cut carabids, which is in agreement with Kegel
(1990), who studied the activity of carabid beetles
in agrocenoses.

Autumn breeders showed a significant increase
in activity in the night-time hours in comparison to
spring breeders. In the forest environment noctur-

nal activity predominated; in the clear-cut it was ac-
companied by activity in the afternoon hours. A pre-
dominance of nocturnal activity in autumn breed-
ers was confirmed also by Kegel (1990) and Novak
(1979, 1980), who recorded a peak of activity in the
first two hours of night, which is in agreement with
our results.

P. melanarius and A. parallelipipedus show a pret-
erence for higher temperatures in the autumn than in
the spring. This fact seems to be surprising with re-
spect to the annual course of temperatures (autumn
is substantially cooler). A preference toward higher
temperatures in the autumn period is apparently re-
lated to the biology of reproduction of these two spe-
cies — both are autumn breeders, which means that
their sexual glands mature in autumn. The influence
of temperature on egg size and the speed of devel-
opment was studied in Notiophilus biguttatus (Ern-
sting and Isaaks, 1997), Amara spp. and Brachynus
spp. (Saska and Honek, 2003a, 2003b). Higher tem-
peratures accelerated the maturation of the sexual
glands; this could provide an answer as to why the
activity of the two otherwise nocturnal species men-
tioned above shifts to a diurnal pattern in autumn.
They were probably actively searching for places with
higher temperatures.

Discussion on selected species

Thiele (1977) recorded A. parallelipipedus to be a
eurytopic forest species without a pronounced re-
lationship to temperature, but naturally preferring
lower light intensities. Novak (1980) describes the
peak of activity of this species in early night hours.
In agreement with this, the activity of A. paralleli-
pipedus was limited mainly by the daytime period
(50% of specimens were collected in the interval
21:00 to 00:00), while in the autumn extremely low
nighttime temperatures moved a limited activity to
afternoon hours.

The activity of Abax parallelus showed the same
pattern as in A. parallelipipedus. Thiele (1977) men-
tioned Abax parallelus as a stenotopic forest species;
however, in our study A. parallelus was abundant in
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the material collected from the clear-cut; in autumn
the numbers of specimens were equal at both locali-
ties.

Both species of Poecilus can be considered as typ-
ical representatives of open habitats, as they show a
positive connection to the higher temperatures of the
soil surface and to light. Thiele (1977) recorded them
as euryphotic species. P. cupreus also showed notice-
able diurnal activity (Novak, 1979, 1980), both in the
forest and in open habitats. Our GAM showed that
this species preferred the lower temperatures in the
autumn than in the spring simply because the tem-
peratures in autumn did not reach the level of the
spring temperatures. P. cupreus in fact preferred the
highest temperatures reached in both periods.

Pseudoophonus rufipes is regarded as a ther-
mophile and xerophile field species with nocturnal
activity (Thiele, 1977). According to Kegel (1990),
this species in fields showed significantly higher ac-
tivity during warm nights. While nocturnal activity
dominated in our study, the number of specimens
collected in the light phase was also relatively high
(cca. 33%). GAM analysis showed a significant de-
pendence of epigeic activity of P. rufipes on the day-
time, while dependence on temperature was not con-
firmed, despite the fact that its activity was divided
more or less evenly throughout the entire day, with a
peak in the evening and early nighttime hours.

P. melanarius is regarded as a eurytopic and eury-
thermal field species preferring low light intensity
(Thiele, 1977). In our research, its activity was sig-
nificantly dependent on the temperature of the soil
surface and it was active during periods with high
temperatures. Alderweireldt and Desender (1990)
also reported the diurnal activity of this species in
the field with a substantial peak in the evening and
early night hours. They assumed that declining light
intensity increased its activity. This pattern would
correspond to our results from the forest, while in
the clear-cut the activity of this species was clearly
diurnal. Novak (1979, 1980) recorded an opposite
pattern of activity for this species - diurnal activity
in the forest and nocturnal in the open habitats.

Bembidion lampros is characteristic species of
open habitats with a striking preference for diurnal
activity in both field (Alderweireldt and Desender,
1990, Novak, 1979) and forest environments (Novidk,
1980). In our research, this species was also signifi-
cantly active during the afternoon and positively cor-
related with temperature. Thiele (1977) and Novak
(1980) reported the species as a eurytopic forest one
with a strong ecological bond to temperature and
light; however, Loreau (1986) regarded this species
as substantially nocturnal. This species dominated in
the autumn and in the forest environment where its
activity was significantly diurnal (15:00 - 21:00) and
was also influenced by temperature.

CONCLUSIONS

A total of 924 specimens representing 35 species of
carabid beetles were collected. The carabid beetles
were significantly more active in the clear-cut than
in the forest and in the spring compared to autumn.

In the forest, nocturnal activity predominated,
while in the clear-cut, activity had a significant diur-
nal character. This is contrary to Park’s hypothesis on
the development of populations toward symmetry of
activity, which would predict symmetric activity in
the forest environment representing the climax stage
in the study. The time distribution of the epigeic ac-
tivity of the entire beetle population better corre-
sponds to Park’s hypothesis.

In spring, activity was spread almost evenly
throughout the day, while in autumn we recorded a
significant afternoon peak of activity caused by low
temperatures in the nighttime and early morning
hours.

The daytime factor had a significant influence on
16 of the 35 species and the temperature of the soil
surface significantly influenced 13 species.

CCA analysis showed a substantial increase in
the explanatory potential of the factors of daytime
and temperature for the activity of carabid beetles
in the autumn compared to spring. CCA analysis
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also showed the substantial response of the activity
of carabid beetles in the clear-cut to the soil surface
temperature.

The activity of the forest species during the year
shifted from the evening and night hours in spring
to the afternoon hours in autumn, especially in the
last weeks of the research when temperatures at night
and in the early morning hours dropped below zero
in the clear-cut. The activity of the species in the
clear-cut maintained the same significantly diurnal
pattern during the whole year.

The activity of spring breeders in the forest en-
vironment reached a peak at dusk, while their activ-
ity in the clear-cut was diurnal. Autumn breeders in
both environments were mostly night-active.
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Diurnal epigeic activities of myriapods in a floodplain forest and a neighbouring deforested area,
was studied in late spring and early in autumn of 2004, by pitfall trapping. One hundred traps were
checked every three hours. In total, 7 species of centipedes and 11 species of millipedes were trapped.
Only Lithobius mutabilis, Glomeris connexa, Unciger foetidus, and Unciger transsilvanicus were
dominant. The whole millipede community and all its dominant species, and the centipede Lithobius
Sorficatus showed significant patterns of diurnal activity. The millipedes, both the whole community
and U. transsilvanicus and Polyzonium germanicum, were significantly affected in their activity by
temperature of soil surface too.
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INTRODUCTION

Soil is inhabited by a huge number of invertebrate
species, the so called soil fauna. For some of
them, the soil represents a refuge. Out of the soil
the environment is less suitable; there is too much
light, and the humidity and temperature are more
instable. For these reasons many species of soil
fauna show specific pattern of epigeic activity
— they are more active during periods with more
favourable conditions, i.e. during spring and
autumn in annual rhythm and/or during night in
diurnal rhythm.

Circadian rhythms are widespread in the animal
kingdom. Rhythms of epigeic activity is not only
shown by surface animals, reacting to changes
in light conditions, but also by troglobiotic
species from constant dark environment (Koilraj
et al. 2000). Generally, myriapods show mainly
epigeic activity at night with various exceptions
(Lewis 1981, Hopkin & Read 1992), for example
dusk (dawn & twilight) activity (Bano &

Krishnamoorthy 1979). This rhythm is controlled
by internal physiological factors (timers), but
it can differ in length in relation to environ-
mental conditions. For instance, the centipede
Scolopendra sp. with strictly night activity (in
natural light regime) rapidly lost this rhythm in LL.
(constant light) conditions (Cloudsley-Thompson
& Crawford 1970). In another experiment, with
varying DL (dark-light) periods, it was shown that
the length of the activity cycle (from peak to peak)
is correlated to the length of the light period. This
cycle was shorter in DD conditions (24 hours of
dark), than in 12:12 DL or LL conditions for the
millipede Syngalobolus sp. (Koilraj et al. 1999).
In comparison, millipedes showed less activity
during the light periods than centipedes (Dondale
etal. 1972).

Beside light stimulus, other environmental
conditions like temperature or humidity were
tested for their influence on diurnal rhythms of
myriapods. For millipedes, Cloudsley-Thompson
(1951) described the decrease of temperature

335
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a) mean temperature regime in spring
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Figure 1. Mean day-temperature regime on the localities during the study period: a) in late spring
(May-June 2005), b) in early autumn (September-October 2005).

in night as the starter of locomotory activity.
Similarly, Banerjee (1967) found correlations
(coefficient higher than 0.5) between temperature
of air and activity of all studied millipedes, but the
correlation of activity and humidity was relatively
low.

Diurnal activity of centipedes and millipedes, as
a part of an epigeic macrofauna, was studied in
a floodplain forest and a nearby deforested (clear
cut) area, during spring and autumn 2004.

MATERIAL AND METHODS

The study area was located in the Litovelské
Pomoravi Protected Landscape Area, a natural
landscape around the meandered Morava
River (Central Moravia, Czech Republic) with
floodplain forests and meadows. The localities
under comparison were an old floodplain forest

(Querco-Ulmetum) and a nearby deforested area
(49°65°N, 17°20°E, altitude 210 m a.s.l.). The
herbal layer of the floodplain forest was created by
Anemone nemorosa, Polygonatum spp., Lathyrus
vernus and Maianthenum bifolium. The dominant
moss was Eurhynchium hians. In November 1998,
the litter biomass (dry weight) was 622 g/m?. The
alluvial soil was loamy-sandy to loamy at the
locality, with pH 4.8-5. The annual precipitation
was around 520 mm and mean annual temperature
was 9.1 °C. Part of this forest was cut in November
2002 and replanted in March 2003 with oak, elm
and lime tree (ratio 8 : 1 : 1) using heavy forest
machines. Before that, the remaining wood
residue was chipped and scattered throughout the
whole area. Epigeic invertebrates were caught
using pitfall traps (plastic pots) without fixative
solution. 60 traps were arranged in the forest and
40 traps in the deforested area. The traps were
placed in line with a spacing of three meters.
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gen TEMP
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Figure 2: CCA ordination plot showing epigeic activity of dominant myriapod species (catched more
than 10 specimens) in relation to locality (locF-forest, locF-clear-cut), day-time (TIME), season
(DATE), and TEMPERATURE. Abbreviations: CHI — Chilopoda, Lfo — L. forficatus, Lmu — L. mutabi-
lis, DIP — Diplopoda, Gco — G. connexa, Lpr — L. proximus, Ufo — U. foetidus, Utr — U. transsilvani-
cus, Pge — P. germanicum. (Plot: F = 2.65, p = 0.0052, number of permutation (Monte Carlo) = 5000;
Conditional effects: clear-cut: F = 10.9, p = 0.000, DATE: F = 4.54, p = 0.000, TIME: F = 2.65,

p = 0.005, TEMPERATURE: F = 5.35, p = 0.000).
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The investigation was carried out in late spring
(20 May — 7 June, 18 days) and early autumn
(23 September — 18 November, 25 days) of 2004.
Traps were checked every three hours (i.e. at 3, 6,
9,12, 15, 18, 21 and 24 hours). The temperature
of the soil surface was measured at collecting
hours at both localities by the use of data-loggers,
Minikin TH. A canonical correspondence analysis
and generalised additive models for evaluating the
results were created in the programme CANOCO

for Windows 4.5° (ter Braak & Smilauer 1998).
Graphs were created in CanoDraw for Windows
4.0°.

The soil macrofauna of isopods, spiders,
harvestmen, centipedes, millipedes, bugs and
ground beetles was sorted out. Here only the
myriapods are treated.

Lo
™

DIP
Q Gco
2 ;
C H
2 |.cHi '
w
Q
D:_ mu

Utr "

Poge
o g
Q@

0 " TIME

24

Figure 3. Response of epigeic activity of dominant myriapod species to day-time (GAM). For signifi-
cance of model for individual species see Table 3. Abbreviations see Figure 1.
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RESULTS

Almost 12.000 specimens of the epigeic
macrofauna were trapped. Myriapoda represented
8 % of the total catch. Seven species of centipedes
(Chilopoda) and 11 species of millipedes
(Diplopoda) were recorded totally. Dominant
species were the centipede Lithobius mutabilis,
and the millipedes Glomeris connexa, Unciger
foetidus, and Unciger transsilvanicus.

Although the epigeic macrofauna as a total did
not show differences between night and day time,
the highest epigeic activity of the myriapods was
during night, from 18 to 6 o'clock approximately.
This pattern of diurnal activity was the same for
centipedes as well as millipedes, for the forest as
well as the clear-cut area and for spring as well
as autumn (compare Tables 1 and 2). Almost all
species showed this pattern except Polyzonium
germanicum, which was active during the whole
day without any evident peak in activity (Table
1). In spring, Leptoiulus proximus and U. foetidus
showed tendency to be active during the light-
period too.

Beside this main pattern, there were observed
differences between localities and seasons. Higher
epigeic activity was evident during spring on the
clear-cut area, while higher epigeic activity was

Norw. J. Entomol. 53, 335-344. 3 Nov. 2006

showed during autumn in the forest. This difference
was probably due to different temperature regime.
During late spring, the temperature was higher in
the clear-cut area than in the forest during whole
day. On the other hand the nights were warmer
in forest in the autumn (Figure 1). This aroused
high epigeic activity of L. mutabilis, Lithobius
forficatus, and G. connexa in the clear-cut area
during spring. In the Canonical Correspond
Analysis, all tested factors (locality, day-time,
date and temperature) were significant. A similar
effect of season (DATE) and locality (clear-cut
area) is evident from CCA too (Figure 2). Models
for individual, dominant species showed that day-
time is an important factor influencing epigeic
activity of L. forcifatus, G. connexa, both species
of the genus Unciger, and the entire millipede
community (Figure 3, Table 3). L. forficatus and
U. transsilvanicus were the most active species at
3 A.M., whereas U. foetidus had a peak of activity
later, at 6.30 A.M. G. connexa and the entire
millipede community were most active around
midnight.

Beside this, another model showed that
knowledge of temperature is a useful predicting
tool for epigeic activity of U. transsilvanicus,
P. germanicum and the entire millipede
community (Figure 4, Table 4). From that model
it is evident that P. germanicum was more active

Table 3. Significance of day-time factor to prediction of epigeic activity of

dominant myriapod species (GAM).

Species/Group Deviance F p

L. forficatus 75.86 2.64 0.016819
L. mutabilis 452.48 1.04 0.398784
Chilopoda 618.28 1.17 0.320182
G. connexa 383.22 5.89 0.000008
L. proximus 40.41 1.07 0.380031
U. foetidus 169.49 3.03 0.007005
U. transsilvanicus 224.35 3.84 0.001097
P. germanicum 16.78 1.82 0.095785
Diplopoda 744.03 11.68 < 1.0e-6
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in higher temperature and U. transsilvanicus in
lower temperatures. Other species showed peak
of epigeic activity somewhere between these
species. This model created unimodal curves for
several species. Only L. mutabilis and G. connexa
had a peak around 14 °C. U. foetidus was the most
active at temperatures of 5 °C or lower.

DISCUSSION

Almost all the studied species showed epigeic
activity during night and the dusk period, several
species also showed a low activity during full
light (L. mutabilis, G.connexa, Haplogona
oculodistincta, U. foetidus and L. proximus in late
spring) and one species was active during whole
day without evident peak (P. germanicum). The
higher activity of myriapods during dark period

-
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@
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g Utr
o
W
o))
o | -
Ufo,” 7
d!;, r;.." LfQ
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Q
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Figure 4. Response of epigeic activity of dominant myriapod species to temperature (GAM). For
significance of model for individual species see Table 4. Abbreviations see Figure 1.
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has been found by many researchers (Cloudsley-
Thompson 1951, Banerjee 1969, Dondale et
al. 1972, Koilraj et al. 1999, 2000). Dondale et
al. (1972) showed that millipedes are stricter in
their night activity than centipedes. Similarly, in
our observation, time was a significant predictor
of activity for the millipede community only.
Time was a significant predictor for the three
most abundant species of millipedes. As to the
centipedes, the pattern of activity for L. forficatus
was significantly affected by day-time. It wasn’t
possible find this relation for the most dominant
species, L. mutabilis.

Prolongation of period of activity of some
millipedes in summer has been described by several
authors (Banerjee 1969, Dondale et al. 1972), and
is probably caused by their higher resistance to
desiccation in the summer months (Perttunen
1953). This can be the mechanism that enabled
an activity of G. connexa, H. oculodostincta, U.
foetidus and L. proximus in late spring 2004 with
relatively warm weather. This is in accordance
with our experiences from the field. We repeatedly
found several specimens of Glomeris on paths or
similar exposed surfaces in the direct sunlight
on hot summer days. We also found a significant
correlation between temperature and epigeic
activity of U. transsilvanicus, P. germanicum and
the total millipede community. Both these species

Norw. J. Entomol. 53, 335-344. 3 Nov. 2006

of millipedes had unimodal curve of dependence
of temperature and activity with a peak on the
edge of the temperature span. U. transsilvanicus
seems to be more active at lower temperatures
whereas P. germanicum shows activities at higher
temperatures (Figure 4). Although Banerjee
(1967) found arelatively good correlation between
temperature and activity in millipedes, this can
be caused by differences in development. P.
germanicum is spring active (from end of March),
with egg laying during May-June (Lokschina
1969). U. transsilvanicus, has its main peak of
epigeic activity in September, and a smaller one
in April (OZanovd 2001). Since our project only
covered parts of the year the patterns of activity
for these species here shown, can be biased.

Generally, the millipedes showed a higher affinity
to the dark phase of the day than did centipedes.
This is in accordance with previous researches
in this field. For some species, temperature can
influence epigeic activity too.

Acknowledgement. This observation was done
with permission of Authority of Litovelské
Pomoravi Protected Landscape Area. We are very
grateful to colleagues, friends and students from
our department for their help in field; without
their help it could not have been possible for us
to check traps every three hours for such a long

Table 4. Significance of temperature factor to prediction of epigeic
activity of dominant myriapod species (GAM).

Species/Group Deviance F p

L. forficatus 78.13 0.834 0.457669
L. mutabilis 450.80 1.26 0.273524
Chilopoda 622.46 0.766 0.404730
G. connexa 410.38 1.56 0.157943
L. proximus 40.58 0.820 0.446732
U. foetidus 173.79 1.49 0.183428
U. transsilvanicus 222.55 4.34 0.000330
P. germanicum 16.12 4.31 0.000360
Diplopoda 854.30 2.46 0.024764
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Abstract

Diurnal epigeic activity of woodlice in a floodplain forest and nearby clear-cut areas was studied
during late spring and early autumn of 2005 by pitfall trapping technique. A total of 100 traps was
being checked every three hours. In total, 6 species of isopods were trapped, but only Trachelipus
rathkii and Protracheoniscus politus were found being dominant. The species P. politus and
Porcellium conspersum showed specific significant patterns of their epigeic activity depending on

day-time.

Keywords — circadian rhythm, diel activity, floodplain forest, woodlice

Introduction

Soil is inhabited by a huge number of
invertebrate species. For these species, the soil
fauna, the soil represents a refugium. Out of
the soil, the environment is less suitable for
them: there is too much light, and humidity
and temperature are rather unstable. For these
reasons, many species of the soil fauna show
specific patterns of epigeic activity — they are
more active during periods of time with more
favourable conditions, i.e. during spring and
autumn in an annual rhythm and/or during
night in a diurnal rhythm.

Circadian rhythms of epigeic activity have
been recognised not only for surface-dwelling
animals that adjust their activity to the
prevailing light conditions, but also for
troglobiotic species that live in a constantly
dark environment (Koilraj et al, 2000).
Generally, woodlice mainly show epigeic
activity during the night (Cloudsley-
Thompson, 1959) with various exceptions, for
example twilight activity (Ammar & Morgan,
2005). According to Cloudsley-Thompson
(1952), the diurnal epigeic activity is primarily
correlated with light-dark changes, but not
with other conditions (humidity, temperature)
that may change over the course of the day,
although there are intrinsic physiological
mechanisms (a kind of timer) for the
maintenance of a rhythm in permanent
darkness, too (Cloudsley-Thompson, 1956a).
This intrinsic timer is apparent in behaviour of

Hemilepistus  reaumurii ~ (Milne-Edwards
1840), but not of Oniscus asellus Linné 1758
(Cloudsley-Thompson, 1952). An endogenous
timer was found to control activity in
Armadillidium vulgare (Latreille 1804) (Smith
& Larimer, 1979), and its development during
ontogenesis was described for Tylos
granuliferus Budde-Lund 1885 (Ondo, 1954).

Besides light, other environmental stimuli
have been investigated for their ability to
control diurnal rhythms of woodlice. The most
important of them for starting locomotory
activity are humidity (Paris, 1963; Ilosvay,
1982) and temperature (Cole, 1946). Air
temperature has been recognised as important
for epigeic activity of myriapods, too
(Banerjee, 1967; Tuf et al., 2006). Probably
the most interesting trigger for activity has
been studied by Moore (1983), who found that
A. vulgare infected by an acanthocephalan
parasite is more active, runs farther and rests
less time than non-infected ones.

Diurnal epigeic activity of terrestrial
isopods, an ecologically significant element of
the epigeic macrofauna, was studied in a
floodplain forest and nearby clear-cut areas
during spring and autumn.

Material and Methods

The locality is situated in the Litovelské
Pomoravi Protected Landscape Area, a natural
landscape surrounding the meandering Morava
river (Central Moravia, Czech Republic) by a

Proceedings of the International Symposium of Terrestrial Isopod Biology — ISTIB-07
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Table 1. Diurnal epigeic activity of terrestrial isopods during late spring (May-June) and early autumn
(September-October). Catches of individuals by 60 traps during 18 days at different times of the day (3:00
means that animals were caught from 0:00 to 3:00), grey columns mark night time.

Spring Forest

3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00
Ligidium hypnorum (Cuvier, 1792) - - - - - - - 1
Hyloniscus riparius (C.L. Koch, 1838) 1 - 1 1 - - - -
Trichoniscus pusillus Brandt, 1833 - - - - - - - -
Porcellium conspersum (C.L. Koch, 1841) - - 8 7 7 2 1 1
Protracheoniscus politus (C.L. Koch, 1841) 7 14 14 8 1 - 3 5
Trachelipus rathkii (Brandt, 1833) 1 1 1 - - - - 1
Autumn Forest

3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00
Ligidium hypnorum (Cuvier, 1792) 07 14 14 0.7 - 0.7 - 2.2
Hyloniscus riparius (C.L. Koch, 1838) - - - - - - - -
Trichoniscus pusillus Brandt, 1833 - - - - - - - -
Porcellium conspersum (C.L. Koch, 1841) - - - - - - - -
Protracheoniscus politus (C.L. Koch, 1841) 14 14 2.2 - - - 3.6 0.7

Trachelipus rathkii (Brandt, 1833)

79 79 58 2.2 2.9 0.7 8.6 9.4

Spring Clear-cut
3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00
Ligidium hypnorum (Cuvier, 1792) 7.5 1.5 3 - - - 3 3
Hyloniscus riparius (C.L. Koch, 1838) - 3 - - - - - -
Trichoniscus pusillus Brandt, 1833 3 - - - - - - -
Porcellium conspersum (C.L. Koch, 1841) - 1.5 - - - - - -
Protracheoniscus politus (C.L. Koch, 1841) - - 1.5 - - - - -
Trachelipus rathkii (Brandt, 1833) 45 4.5 3 - - 1.5 - 4.5
Autumn Clear-cut
3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00
Ligidium hypnorum (Cuvier, 1792) 1.1 - 1.1 - - - - -
Hyloniscus riparius (C.L. Koch, 1838) - - - - - - - -
Trichoniscus pusillus Brandt, 1833 - 1.1 - - - - - -
Porcellium conspersum (C.L. Koch, 1841) - - - - - - - -
Protracheoniscus politus (C.L. Koch, 1841) - - - - - - - -
Trachelipus rathkii (Brandt, 1833) 22 43 65 4.3 3.2 - 32 43
© Figure 1. RDA ordination plot, showing epigeic
© | spring activity of woodlice species in relation to habitat
(forest vs. clear-cut), time of the day (time),
PERATURE L fvprorum season (spr/:ng vs. autumn), and. temperature.
riparins For. description Qf model and significance of
environmental variables see Tabs 2 and 3.
P consperw \
P. politus TiM T. rathkii
o
A0 forest
-1.0 0.8
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Table 2. Summary of the explained variability of RDA plot

Axis

1 2 3 4

Eigenvalues
Species—environment correlations
Cumulative percentage variance of species data

0.242  0.020 0.009  0.000
0.692 0302 0.220 0.080
24.2 26.2 27.1 27.1

Cumulative percentage variance of species—environment relation 89.2 96.7 99.9 100.0

Sixty traps were spread over the forest habitat,
whereas 40 traps were placed in a clear-cut
area in transect lines with three meters
distance spacing. The experiment was carried
out in late spring (May 20" to June 7", 18
days) and early autumn (September 23" to
October 18”‘, 25 days) 2004. The traps were
checked every three hours during these
seasons (i.e. at 3.00, 6.00, 9.00, 12.00, 15.00,
18.00, 21.00, and 24.00). Soil surface
temperature was measured in both localities
using data-loggers Minikin TH
(Environmental Measuring Systems Brno,
www.emsbrno.cz). Redundancy Analysis and
Generalised Additive Models for the
evaluation of results were created using the
software CANOCO for Windows 4.5° (ter
Braak & gmilauer, 1998), the illustrations
were created in CanoDraw for Windows 4.0°.
The model was evaluated using Monte-Carlo
permutation tests (4999 permutations).

Results

In total, 231 individuals of six species of
terrestrial isopods were trapped. Dominant
species were Trachelipus  rathkii  and
Protracheoniscus politus.

Terrestrial isopods were mostly active
throughout the day at both seasons and
localities. However, in the clear-cut area
during spring, woodlice were not active from
9.00 to 15.00 (Tab. 1). Individual species
showed this pattern of behaviour generally too,
although there were several exceptions.
Ligidium hypnorum and T. rathkii were active
during night and twilight in spring, P. politus
was active during twilight mainly, and
Porcellium conspersum was active mainly
during the day in spring. A comparison of
activity at different sites shows that P. politus
and P. conspersum were active mainly in the
forest and L. hypnorum and Trichoniscus

Response

1. rathkii

Figure 2. Epigeic activity (Response) of terrestrial
isopod species in relation to time of the day. For
significance of model for individual species see
Tab. 4.

pusillus were active mainly in the clear-cut
area. During spring, higher numbers of isopods
were caught than in autumn (131 vs. 93 ind.
caught into 60 traps during 18 days), and this
pattern was most evident in the catches of P.
conspersum that was not found in autumn. The
dominant species, T. rathkii, was more active
in autumn.

RDA (Fig. 1, Tab. 2) was significant (first
axis F = 50457, p=0.0002; all axes
F =14.705, p =0.0002) and explained 27 % of
species data variability. The most important
environmental variables were the nominal
variables season (spring) and locality (forest).
Time was significant but less important, and
temperature was not significant, albeit only
marginally not so (Tab. 3). Similar results
were obtained in other analyses, when
excluding the variables temperature or time; in
the latter case, remperature proved significant.
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Table 4. Significance of time of the day for epigeic activity

of terrestrial isopod species.

17.00, 1i.e., during increasing
temperature, too.
We observed -albeit non-

species Deviance F P AIC significant— differences between
L. h).zpnolmm 91.32 1.35 0.239966 105.165 sexes for T. rathkii and P. politus.

H. riparius 29.63 1.85 0.110987 36.470 .
P. conspersum  91.04 5.00 0.000131 106328 ~ Thus, females of P. politus were
P. politus 145.24 2.72 0.017544 158.257 ~active at a mean temperature
T. rathkii 159.53 0.532 0.221699 172.308 11.2+2.0°C, whereas males
were active at a mean temperature
. of 10.5+£22°C; T. rathkii
—o— forest a) females at 10.8+23°C and
2 o, | o clearcut R S L males at 10.4 +3.0 °C. A bigger
-l difference (non-significant
g, though) was evident between the
£ activities of gravid and non-
- gravid females of P. politus
3 ‘ ‘ ‘ ‘ ‘ ‘ (gravid at 11.9+£2.1 °C vs non-

00:00  03:00 06:00 09:00 12:00 15:00 18:00 21:00 gravid at 10.8 + 1.9 °C).
time
20 Discussion

—— forest b) Terrestrial isopods lose water b
o P y
3 15 e clearcut § transpiration through their entire
£ ' integument (Gunn, 1937), and
g* their responses to humidity
L (hygrokinesis) are controlled by
5 | | | | | | | | the intensity of dessication
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 (Waloff, 1941). To avoiding

time

Figure 3. Mean temperature regime during the study period: a) late
spring (May-June 2005), b) early autumn (September-October

2005) (mean * SE).

As the models for individual species (7.
pusillus was excluded for low number of
individuals) shows, time of the day is an
important factor to influence epigeic activity
of P. politus and P. conspersum (Fig. 2, Tab.
4). P. politus was most active before dusk and
after dawn, whereas, oppositely, P.
conspersum was most active during the day.
The activity of P. politus was highest in the
forest in spring; from 6.00 to 12.00, the
temperature was slowly increasing (Fig. 3).
The major activity of P. conspersum was
measured in the forest in spring from 10.00 to

Table 3. Significance of environmental variables in
RDA model to prediction of activity of woodlice

Variable Var.N LambdaA P F

spring 3 0.19 0.000  37.02
forest 4 0.06 0.000 13.1C
time 2 0.01 0.049 248
temperature 1 0.01 0.053 244

dessication, they stay in damp and
humid environment under stones,
fallen leaves, logs or bark or in
crevices in soil during daytime.
They leave these habitats during
night when temperature falls and relative
humidity increases (Cloudsley-Thompson,
1959). The most desiccating species are the
most photonegative ones, with strict nocturnal
activity. Thus, among e investigated species
were likely of Philoscia muscorum (Scopoli
1763), O. asellus, Porcellio scaber Latreille
1804 and A. vulgare, P. muscorum is the most
nocturnal one and A. vulgare the least
(Cloudsley-Thompson, 1956b).

The typical duration of activity is about one
hour for P. scaber (den Boer, 1961). In shelter,
woodlice absorb water from air humidity
through their cuticle, that is lost again after
leaving shelter. Within about one hour, they
lose a critical amount of water (Waloff, 1941;
Edney, 1951) and they must hide in shelter
with higher relative air humidity again.

The majority of the recorded variability in
activity of woodlice was explained by habitat
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type (forest vs clear-cutt) and season (spring vs
autumn). An influence of these factors is not
surprising, differences between densities of
woodlice in different biotopes are well known
(e.g. Farkas et al., 1999), and their changes in
abundances and activity during year are well
known, too (e.g. Hornung & Warburg, 1995;
Zimmer & Brauckmann, 1997). Nevertheless,
beside these factors, time of the day is
significant, too. Thus, P. politus was mainly
active in twilights and in the morning. The
activity of this has also been studied in
Hungarian beech forests in summer (Illosvay,
1982). Although several specimens were
caught during daytime, the peaks of activity
were at dusk and at midnight at a humidity of
75-80 %. Based on big catches in forests
during winter, Ilosvay (1982) supposed that
temperature is not an important factor for their
activity. According to our results, too, time of
the day was more important than temperature
for the activity pattern of this species. Its
activity before dusk and in the morning could
be related to higher air humidity on the soil
surface due to dew, as its activity started with
increasing of temperature. Porcellio scaber
was active after dusk and before dawn, i.e. at
times of highest relative air humidity (lowest
saturation deficit respectively), too (den Boer,
1961).

The other species with a significant diurnal
pattern of activity was P. conspersum with
strict daylight activity. According to the
argumentation that A. vulgare is more resistant
to desiccation than other species (Edney,
1951) and that it is active in the morning hours
(Cloudsley-Thompson, 1951), we conclude
that P. conspersum is most resistant to
dessication of the species found. This species
shows a primitive level of volvation. Its
activity occurred at temperatures of ca 15 °C,
recorded during the warmest spring days in
forest, similar to midday wandering of H.
reaumurii during winter months, when
temperature and humidity are suitable at noon
(Ammar & Morgan, 2005). Similarly, a
positive correlation between temperature and
horizontal activity was found for P. scaber
(den Boer, 1961).

Temperature and locomotory activity
relation can be a clue for an explanation of
lower catches in autumn than in spring. Paris

(1965) studied locomotory activity of A.
vulgare in summer and winter in California.
He found that woodlice were more active in
summer (they walked 13 m per 12 hours) than
in winter (10 m per 6 days), probably due to
differences in temperature; the lowest
temperatures in both seasons in California
were comparable with temperatures measured
by us. Occasional prolongation of this species’
activity from night to morning was caused by
high humidity during nights (Paris, 1963).

Low catches of some species were probably
caused by their generally low epigeic activity,
inhabiting upper soil layers (family
Trichoniscidae). Other species can be
sedentary. For example, Brereton (1957) re-
caught tagged specimen of P. scaber on the
same tree after six months. Another interesting
observation related to low numbers of isopods
is the evidence for that individual woodlice are
not active every night (or day, respectively), as
documented by den Boer (1961) through
marking of P. scaber specimens.

The females of dominant species were
active at higher temperatures than males, and
gravid females of P. politus were more active
at the higher temperatures that those non-
gravid. Although these differences were not
significant, they seem to be plausible, because
the developmental time of the brood is
affected by temperature. Dangerfield &
Hassall (1994) found female-biased sex ratios
under a cryptozoic board (with higher
temperature than in soil) for A. vulgare and P.
scaber. The activity of gravid females of P.
politus in our study can be a result of their
tendency to search actively for sites with more
favourable conditions for brood development.
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