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suitability of assemblages of ground beetles to evaluate the conservation value in two types
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Uvod

Strevlikoviti (Coleoptera: Carabidae) patii vedle pavouk(l (BucHAR 1983) a motyld
(Lepidoptera) mezi nejCastéji pouzZivané skupiny bezobratlych v bioindikaci charakteru
stanovist (KocH 1989; HURKA 1996; BENES et al. 2002). Skupina stfevlikovitych splfiuje
podminky nutné k tomu, aby byly vysledky ziskané vyhodnocenim slozZeni jejich spolecenstva
pouzitelné pro prisouzeni statutu kazdému zkoumanému stanovisti (VESELY 2002; ALLEGRO &
od prvopocatkd systematizované entomologie mezi nejoblibenéjsi sbératelské skupiny
hmyzu. V soucasné dobé tak patfi mezi skupiny hmyzu s nejvétsim poctem znamych udajd o
svém historickém i recentnim rozSifeni (Skoupy 2004) véetné jejich ekologickych narok
(HURKA et al. 1996). Rovnéz v prostoru stfedni Evropy Zije pouze nevelky pocet druh, které
jsou navic nepfilis determinacné narocné (HURKA 1996; PODHRAZSKY 2009).

Metodika sbéru strevlikovitych je dlouhodobé vyzkousenda a v terénu snadné
praktikovatelna a uchopitelnd (Work 2002). Strevlici jsou prevainé epigeicti zivocichové,
pricemzZ nejsnadnéji Ize zachytit vyhodnotitelny vzorek spolecenstva pomoci zemnich pasti
(ABSOLON 1994; HURKA 1996; BEJCEK & STASTNY 2001). Existuji extrémni biotopy, kde je nutné
zapojit i dalSi metody ziskavani materidlu proto, aby bylo spoleCenstvo stfevlikovitych
popsdno v dostatecné Siti (TROPEK et al. 2008). Mezi tyto patfi napr. skalni suti (vVON BRUNNER
et al. 2013), periodicky zaplavovana Gzemi (SusTek 1994) &i tfeba jeskyné (RUZICkA 1982).
V béznych agrocendzach ¢i lesich je vSak metoda zemnich pasti v pfiméreném poctu a pfi
postihnuti ddleZitych ¢asti sezdny dostatecna (PETRUSKA 1978; SusTek 2000). Pasti musi byt
také vzhledem k délce expozice doplnény vhodné zvolenym konzervantem (GREENSLADE 1964;
PETRUSKA 1978; BoiTEAu 1983; LurF 1986; BORGES 1992; PekarR 2002). Problematické jsou
moznosti Uniku stfevliki z pasti. Pasti s neostrym okrajem umozniuji Unik predevsim
drobnym druhdm (napf. rod Bembidion Ci Trechus) (PETRUSKA 1978). Komplexita zachyceného
vzorku spolecenstva strevlikovitych zalezi téz na viskozité a koncentraci konzervacéni tekutiny
(ScHmiDT et al. 2006). Kvalita (druhové sloZeni) i kvantita chycenych vzork(i ovSsem podléhd
vlivu mnoha dalSich faktor(, napt. vlhkost pldy, pocasi, oblast vyzkumu, kvalita pUdy,
relativni pokryvnost rostlin (HoNEk 1988). Apis (1979) definoval dokonce 18 rlznych faktord,
které maiji na kvalitu vzorku ze zemnich pasti vliv.

Z vysledk(l se proto nedaji presné ziskat skutecné poméry vyskytu druhd, nutna je
transformace dat (DeSENDER 1986; JAROSIK 1992; SAsKA et al. 2013). Mira efektivity odlovu
raznych strevlikl se lisSi mezi jednotlivymi druhy, i intuitivni zavislost na velikosti, rychlosti a
dalSich charakteristikach jednotlivych druhd bohuzel neni prikazna (HALsALL 1988). Obecné
viak lze fici, Ze vétsi druhy se chytaji s vyssi ucinnosti nez malé druhy (ANDERSEN 1995).

Strevlici jsou dlouhodobé zkoumani také z hlediska ekologie a potravnich narokd
(LAROCHELLE 1990). Vysledky ukazuji na existenci zietelné oddélenych potravnich guild,
postihujici celou potravni nabidku (BoHAN et al. 2000; LANG & GsopL 2001; SAsKA et al. 2010).
Poznatky o jednotlivych druzich stfedoevropskych stfevlikovitych byly shrnuty a druhy byly
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zarazeny do kategorii, které vychazeji z vazby strevlikd ke stanovisti a ze schopnosti adaptace
ke zménam Zivotniho prostfedi. Definovana byla tak jejich role a vypovidajici hodnota
v bioindikaci zachovalosti biotopl (HURKA et al. 1996; VESELY 2002; BOHAC 2005).

Strevlikoviti brouci jsou tedy na zakladé vyse uvedenych skutecnosti vhodni k pouZiti pro
bioindikaci Siroké skaly biotopl od agrocendz (KaLusHkov et al. 2009; NebveD et al. 2009) po
velice specifické biotopy typu sutovych lest ¢i jeskyn. Vzhledem k schopnostem
stfevlikovitych migrovat na nové vytvorené biotopy Ci rozSifovani ze stavajicich klimaxovych
biotopU (HURKA 1996; KoTze & O"HARA 2003; GUTIERREZ et al. 2004; SMALL et al. 2006; DEVICTOR
et al. 2008) je vSak nutné ziskana data interpretovat vidy v SirSich souvislostech. Kvdli
nastinénému omezeni a moznostem desinterpretace je tedy vhodné pro komplexné;si
charakterizaci studovaného biotopu zapojit do hodnoceni i dalsi skupiny bezobratlych
(NIEMELA & BAUR 1998; Ruiz-JAEN & AIDE 2005; TROPEk et al. 2008). Uziti téchto skupin
bezobratlych s narocnéjsi determinaci a méné popsanymi Zivotnimi naroky (BUCHAR 1983;
BOHAC 1988; Tur & TuFovA 2008) je viak nutné vzdy interpretacné podlozit vysledky ziskanymi
pro dostatecné prozkoumané skupiny, zde pro strevliky.

Svétlé lesy

Biotopy v raném a stfednim stddiu sukcese (pfipadné ve stadiu pozdriené sukcese) patfi
momentalné k nejohroZenéjSim stanovistim nejen v ramci stfedni Evropy (Konvicka et al.
2004). Mezi tyto biotopy patfi predevsim svétlé lesy udriované dfive biotickymi a
abitotickymi faktory (VERA 2000; HeDL et al. 2010) a antropogenné vzniklé biotopy — lomy,
vysypky, popilkovisté (TROPEK et al. 2008; TROPEK et al. 2010; TROPEK et al. 2012).

Paradigma, e Uzemi Ceské kotliny bylo jesté pred nékolika sty lety téméF vyluéné
pokryto hustym, stinnym pralesem (FIRBAS 1935; DELCOURT & DELCOURT 1991) ustupuje v
soucasnosti do pozadi. Na zdkladé recentnich dat se ukazuje, Ze v prostoru stfedni Evropy
v nizSich a strfednich polohdch rostly svétlé lesy témér nepretrzité od posledniho glacidlu
(SApLO et al. 2005). Faktem totiz je, Ze se na Uzemi Ceské republiky vyskytovaly organismy
vazané na svétliny a svétlé lesy viceméné plosné v pribéhu celého holocénu (LoZex 1973;
HorsAKk & HAJKOVA 2005; RYBNiCKOVA et al. 2005). Pro jejich dlouhodobou existenci byla
nezbytnd nepretrzitd pfitomnost vhodnych biotopl. Mozaikovou strukturu stfedoevropskych
lesG naznacuji také prace PROSI (1985) nebo STANDOVARA (2003). Svétly les Ci parezina
nespadaji do kategorie klimaxovych biotopl (CHYTRY 2001). Vzhledem ke skutecnosti, Ze tyto
typy biotopld byly vkrajiné dlouhodobé pfitomny — dokazuje to vysoky podil pylu
svétlomilnych dfevin, napf. lisky obecné (Corylus avellana), v pylovych analyzach ze
zkoumanych sedimentl po celém Gzemi Ceské republiky (SADLO et al. 2005) — musely byt lesy
néjakym zplisobem udrZzovany ve stadiu pozdrzené sukcese s ob¢asnymi disturbancemi.

V soucasnosti jsou na zakladé znalosti lesnické ekologie a archeobotanickych dat
formulovany dvé teorie. Jedna druhou nevylucuje, spiSe se vzajemné doplnuji. Prvni se opira
o vliv abiotickych sil — vody, vétru ¢i pozar( (BRADSHAW 1997; NIKLASSON et al. 2010). Zapoj
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lesniho porostu byl podle této teorie pravidelné otevirdn a narusovan kombinaci vyse
zminénych abiotickych faktor(i. Zkusenosti nejen z posledni doby vsak ukazuji, Ze pocet
lokalnich katastrof neni tak vysoky a katastrofy nemaji dostatecné stabilni periodicitu, aby
dlouhodobé zajistily Zivot vysoce diverzifikovaného spolecenstva svétlomilnych organisma.
do nizsich poloh. Jejich Cetnost byla také nizka (Konvicka et al. 2004; SApbLo et al. 2005).
Sesuvy spojené se srazkovou cinnosti naopak vyrazné ovliviiuji zapoj stromového patra
predevsim ve vyssich polohach, navic s nestabilnim geologickym podloZim (samostatnou
kapitolou je existence lavinovych udoli). Vznik svétlin pisobenim vétru je také centrovan
hlavné do stfednich a vyssich poloh (VRSkA 1998).

Moznost existence vyrazného biotického faktoru v procesu disturbance lesnich
ekosystémU nabizi VERA (2000). Vychazi ze znamych faktl o vyvoiji listnatého lesa, kdy dub
jako dominantni dfevina nizSich a stfednich poloh nezmlazuje v zapojenych stinnych
doubravach (MALEk 1962). V pylovych zdaznamech je dub navic vidy doprovazen vyraznym
zastoupenim pylu lisky obecné. Dub i liska kli¢i jako pionyrské dfeviny a snadno zmlazuji pod
ochranou trnitych drevin (dobfe je to patrné napf. na byvalych opusténych pastvindch ve
Slovenském krasu). VERA navrhuje v procesu narusovani lesniho zdpoje jako dominantni vliv
velkych herbivor(l. Velci herbivofi (zubr evropsky, jelen evropsky) tak pravdépodobné svou
¢innosti udrzovali v prostoru stfedni Evropy stabilné stav tzv. ,pastevni savany”, coz byla
mozaika stinnych haj, otevienych ploch, trnitymi kefi zarGstajicich okrski a mladych
odrustajicich lesika.

Tento stav, vzhledem ktomu, Ze zahrnoval velkou plochu, umoznoval preziti celych
spoleCenstev, ktera vyzaduji pro svuj Zivot rané a stfedné sukcesni biotopy. Po ptichodu
Clovéka byla zpocdtku béiné provozovana lesni pastva domaciho zvifectva (mnohdy
kontinuadlné az témér do soucasnosti — PAVELKA & TREzNER 2001). Domdci zvifata tak
nahrazovala cinnost velkych divokych bylozravcd (HANssoN 2001; BRADSHAW et al. 2003;
BAKKER et al. 2004; SApLo et al. 2005). Z dlivodu zvyseného tlaku na les, jako na producenta
dreva, byla vynosem Marie Terezie lesni pastva zakazana.

Plocha pokryta pafezinami a svétlymi lesy predstavovala jesté zac¢atkem 2. svétové valky
podstatné procento z celkové lesnatosti stfedni Evropy. Tento stav odpovidal potfebam
tehdejsiho hospodarstvi, které do konce prvni poloviny 20. stoleti vykazovalo velkou
spotfebu dievni hmoty. Hlavnim producentem dfevni hmoty byly svétlé lesy a pareziny
s kratkou dobou obmyti (KonviEka et al. 2004). Svétlé lesy a pareziny predstavovaly posledni
utocisté svétlinovych druht, orchideji ¢i broukd (KonviCka et al. 2004). Tyto lesy byly po
staleti udrZovany tradi¢nim managementem, ktery nahrazoval pfirozené disturbance nutné
pro udrZeni mozaiky porostli s ranymi a stfednimi stadii sukcese (WARREN 1987; BUCKLEY
1992; SKAPEC 1992; SpARKS et al. 1994; SLAMA 1998; KoNviCKA & KURAS 1999; BERGMAN 2001;
BENES et al. 2002). Drastické zmény byly téZ ve strukture porost( ve stfednich nadmorskych
vySkach (VRSkA 1998; PAVELKA & TREZNER 2001; VRSKA et al. 2009).
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V padesatych letech 20. stoleti dosSlo k vyraznym zménam v pozemkovych knihach a
zaroven ke zméndm v hospodareni v lesnich porostech (VR3kA 1998). Povalecna doba si také
zadala intenzivnéjsi vyuzivani pfirodnich zdroji. Ve stejnou dobu bylo dfevo z pafezin a
svétlych lest nahrazeno uhlim, a to se stalo dominantnim palivem vpramyslu i
v domacnostech. Byl zaveden novy systém v lesnim hospodareni s dirazem na produkci
kvalitniho dreva. Existence parezin a svétlych lesi nebyla dle tehdejsich lesnich plant dale
podporovana. Svétlé lesy a pareziny takrka vymizely (BERGMAN & KINDVALL 2004; SAARINEN et
al. 2005). Dnes jiz v teritoriu Ceské republiky nedosahuje celkové plocha pafezin a stifednich
lestl ani 1 % na celkové lesnatosti (KonviCka et al. 2004; SADLO et al. 2005). V dUsledku toho se
v mnoha ¢&astech byvalého Ceskoslovenska zacala velmi rychle vytracet po staleti vytvarend
velmi rGznoroda mozaika biotopl. Mizely staré zachovalé ptirozené lesy ve strednich i
nizSich polohach, ale i remizky, pareziny i tzv. ,selské” lesy. Ménila se vékova struktura lesd
smérem k hospodaisky zadoucim stejnovékym porostim. Ve velkém jsou také stale kaceny
stromy staré a narusené, postupné doZivaly a ztracely se solitérné stojici lipy, duby, jilmy ci
buky. Z krajnic cest a z mést ustoupily aleje, Upravami biehl fek a potokl byly jiz zniceny
témér vsechny unikdtni brfehové topolové a vrbové porosty. Proces destrukce starych
porostl a osamocenych stromU pokracuje bohuZel i v dnesni dobé. Vse se déje se souhlasem
vétsSiny obyvatelstva a s posvécenim pfislusnych uradd. | zdkony platné v nasi republice
nafizuji odstrafiovani odumirajicich stroma vzhledem k nebezpeci odlamovani jejich vétvi i
nebezpeéi celkovych vyvratd (SEBEK et al. 2012). Stromy na bfezich fek ohroZuji svymi kofeny
stabilitu hrazi, navic hrozi jejich podemleti a nasledny pad do vody. Tyto stromy pak neseny
velkou vodou zpUsobuji problémy na jezech, mostech ¢i prehradach.

AZ do soucasnosti dochdzi k prevodu nizkych a stfednich lesi na plné zakmenéné
vysokokmenné stinné lesy (KONVICKA et al. 2004). S pfechodem na vysokokmenné stinné lesy
doslo k vyraznému Ubytku druhd svétlych lest v celé Evropé (WARREN & KEy 1991; GREATOREX-
DAVIEs et al. 1993; SLAMA 1998; WAHLBERG et al. 2002; KoNvICKA et al. 2005; SApLo et al. 2005;
VoDKA et al. 2009). Prevodem lesnich porostld na vysokokmenné komercéné dobre vyuZitelné
lesy a likvidaci aleji a solitérnich drevin z bezpecnostnich divodd tak doslo k podstatné
redukci dfive béZzného typu biotopu.

Prirodé blizké lesy stfednich poloh

Ve sttednich polohach se k prevodu lesti na vysokokmenné porosty, z pohledu ochrany
biodiverzity problematickému, pfidalo téz cilené zalesriovani nelesnich enklav s mnohdy
dozivajicimi solitérnimi dfevinami. K podhorské krajiné dnes neodmyslitelné patfi rozsahlé
lesni porosty, pfevainé smrku, v malé mife buku a dalSich drevin (jedle, javor klen, modfin)
(PAVELKA 1999-2000; PAVELKA & TREZNER 2001; VRSKA et al. 2001). V prlbéhu staleti se
v podhUri dramaticky proménoval pomér lesa a zemédélské plady. Podstatné zalesnéni
smiSenymi porosty bylo pouze pred pfichodem clovéka, vétsi bezlesi bylo zachovano hlavné
na periodicky pfirozené narusovana stanovisté napfr. v nivé fek (SAbLo et al. 2005).
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Po osidleni oblasti kolonizatory dochazi i k rizné rychlému odlesnovani (c.f. POKORNY
2011). Odlesniovani dosahlo v oblasti vychodni Moravy maxima v 19. stoleti (JANCik 1958),
kdy izolované lesy produkujici dfevo jako stavebni surovinu zlstaly pouze na uzemi
vétSiné uzemi stredni Moravy lesy chybély a napf. od feky Becvy se tahly dlouhé pastviny se
solitérnimi stromy, jalovci a kfovinami aZz na prilehlé hiebeny Javornikll a Vsetinskych vrchi
(Rican 1932). Naprosté minimum lesa zlstalo zachovédno hlavné na pozemcich obci a
drobnych majitell, a to hlavné na mistech, kde nebylo mozné jinak hospodafrit. Neslo ale o
lesy v podobé, kterou zname dnes. Byly to tzv. ,selské lesy” ve kterych se uprednostnovala
vybérna tézba — mély proto vyrazné otevieny charakter s mnozstvim svétlin (cf. KENDERES et
al. 2009). Slouzily jako zdzemi nezbytné k dobFe fungujicimu hospodaistvi (STasTNY 1971;
FrRoLEC 1973). Byly zdrojem palivového dfivi a také stavebniho na pribézné opravy a drobné
stavby, které hospodafstvi vyZzadovalo. Tyto selské lesy byly velmi druhové bohaté, rostly
v nich vSechny vékové skupiny dfevin, jak staré doupné stromy, tak postupné dorUstajici
zmlazeni. Vedle buku a jedle zde rostly také javory, habr, smrk i borovice (SAMONIL & VRSKA
2007).

Postupné odlesnovani, kdy klesal pomér zalesnéné pudy ve prospéch pady zemédeélské,
trvalo az do konce 19. stoleti (JANCik 1958). Zpocdtku se zalesriovaly hlavné velkostatky
(vsetinsky, roZznovsky a soukromé statky — napf. pozemky naleZejici Thonetiim) a popluzni
dvory, napf. v Halenkové (Stastny 1971). Jestlize v letech 1830 az 1875 tu bylo zalesnéno
prevazné velkostatky kolem 20% z dnesniho Uhrnu byvalych nelesnich pud, pak do konce 19.
stoleti, diky uvedené organizované akci, byla zalesnéna tataz vyméra za polovi¢ni dobu, a to
prevazné soukromych a obecnich nelesnich pud. K dalSimu, jeSté intenzivnéjSimu postupu pfi
tomto zalesfovani pfispélo zejména vydani zdkona o zalesfiovani povodi Horni Becvy z 12.
10. 1896 ¢.j. LG BZ M 52 ex 1897, ktery obsahoval v & 1 ustanoveni o zalesiovani
nevynosnych ploch, jako jedno z opatfeni proti zvétSujicim se zaplavam v dolnich polohach
(TkACIKOVA & SpPITzER 2011). Za dalsi obdobi v letech 1900 az 1945 bylo zalesnéno az 50 %
dnesni rozlohy byvalych nelesnich plid a v letech 1946 az 1979 (za 34 let) uz jen necelych
10 % téchto pld. Dnes trend zalesfiovani naddle pomalu pokracuje. Po roce 1990 fada
drobnych vlastnik(l ziskala zpét pozemky v restitucich, ale vzhledem ktomu, Ze drobné
chovatelstvi na ValasSsku témér ustalo, je ldkavym feSenim, jak nalozZit s nevyuZitou
zemédélskou pUdou, pravé jeji preména na les (PIRO & WoLFOVA 2008).

Svétlé lesy v nizsich polohach

V nizSich polohdach prosla krajina také intenzifikaCni vinou, zamérenou spiSe na maximalizaci
zemédélskych vynosli, coZ se vyznamné negativné odrazilo také na lesnich porostech.
V Ceské republice jsou posledni zbytky aktivnich pafezin a vétsich ploch svétlych lesi
zachovany v nékolika malo oborach (na pfikladu jizni Moravy — Moravskokrumlovska obora,
Klentnicka obora a Milovicka obora). Obory byly zakladany jiz na sklonku stfedovéku, maiji
tak v prostoru stfedni Evropy velmi dlouhou tradici. Vnitfni struktura lesnich porost( v obore
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se velmi blizi pavodni ,pastevni savané“ (RACKHAM 1998). V plvodni savané, ve které
dlouhodobé existovaly populace divoké zvére ¢i které byly ndrazové zatéZovany migraci
velkych herbivori, se vyskytovala pestrd mozaika biotopli, kterd nabizela mistni
mikropodminky nutné pro jednotlivé ¢asti Zivota zvére (houstiny pro ukryt, svétliny k pastvé,
migracni koridory k presunu na kratSi ¢i delSi vzdalenosti). V oborach je vsak vliv zvére
koncentrovan na maly prostor, kde Cinnost zvére velmi vyrazné ovliviuje kvalitu bylinného
spektra i samotnou pfirozenou obnovu drevin (FULLER & GiLL 2001; HoMOLKA & HEROLDOVA
2003; CoTE et al. 2004). Obory v soucasnosti ve vétsiné pripadl trpi vysokymi stavy zvére
kvali maximalizaci zisku z plochy obory, coZz mlZe mit napfiklad na mnohé druhy hmyzu
vzhledem k omezeni vyskytu Zivnych a nektarujicich rostlin negativni dopad (PoLLARD & COOKE
1994; PoLLARD et al. 1998; Joys et al. 2004). Samotné hodnoceni vlivu oborového hospodatreni
na kvalitu druhového spektra je vSak narocné. Dle vysledk( FEBERA et al. (2001) a FULLERA et
al. (2001) dochazi k negativnimu i pozitivnimu ovlivnéni, velmi zalezi na vybéru cilové
zkoumané skupiny hmyzu, charakteru a velikosti obory a v ni panujicich mikrohabitatovych
podminek a spektru managementovych pristupl k obnové lesniho porostu.

BENES et al. (2006) zjistili v prostoru Milovické obory velmi vysokou diverzitu dennich
motyld. Zaznamenany byly jak druhy lesni, stepni, tak i svym vyskytem vramci Ceské
republiky velmi omezené druhy svétlych les. Pouze casti prostoru jsou vyuZivany pro
oborové hospodareni. Lesy v dalSich ¢astech slouZi k produkci dubové kulatiny. Uplatriuji se
zde jak tradi¢ni zpUsoby hospodareni, tak i moderni metody spocivajici v.chemickém a
mechanickém vycisténi paseky a jejim nasledujicim osazenim semendcky dubu. Zplsob
hospodareni tak zde na mnoha plochach naprosto znemoznuje Zivot mnoha druhl hmyzu,
na jinych plochach naopak Zivot vzacnych druhl umoziuje ¢i pfimo podporuje. Byly zjiStény
signifikantni rozdily ve struktufe spole¢enstva motylll mezi typy porostu (tj. stfedni les Ci
pafezina vs. stinny les).

Studiem spolecenstev pfirodnich lest ve stfednich polohach (SpiTzer et al. 2007; SPITzER
et al. 2010) jsme ziskali podpulrna data k ovéreni teorie o otevienych, narusovanych lesich ve
strednich polohach. Vzhledem k tomu, Ze klasifikace kategorii u jednotlivych druhl
stfevlikovitych (HURKA et al. 1996) byla zpracovana na podkladé soucasnych dat o rozsifeni
v recentni stfedoevropské krajiné, potvrzenim vyskytu reliktnich druhl strevlik(l preferujici
polostin v Milovické obore mUzZe byt podporena teorie o dlouhodobé existenci tohoto typu
lesa ve stfedoevropském regionu. V letech 2005 a 2006 jsme se proto zaméfili na studium
jednoho z posledniho rozsahlejsiho zbytku svétlych lesl na jizni Moraveé (SpiTzeR et al. 2008).
Vyhodnocenim dat jsme ovéfili moZnost pouziti strevlikovitych jako bioindikaéni skupiny a
poukazali na pfirodni hodnoty stfedniho lesa z pohledu zachovani biodiverzity les nizSich
poloh.
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Antropogenni stanovisté

Intenzifikaci zemédélstvi a lesnictvi v souvislosti s urbanizaci niZinnych a stfednich poloh
v okoli vétSich mést a pramyslovych center doslo celkové k vyrazné eliminaci pfirodnich
biotopl s vysokou biodiverzitou (Konvicka et al. 2004). V oblastech s vysokou hustotou
osidleni vSak doslo k vyvoji nahradnich biotopu, které se staly biocentry s vysokou druhovou
diverzitou jak v kulturni krajiné stale béznych organismu, tak i vzacnych druhl vedenych na
narodnich cervenych seznamech (napf. FARKAC et al. 2005; PrRocHAzkA 2001). Mezi tyto
biotopy, které jsou ¢asto oznacované jako "nova divocina" (CiLek 2002) patfi jak zar(stajici
okoli mést, tak i opusténé postindustrialni stanovisté — opusténé lomy (BENES et al. 2003) ¢i
vysypky a haldy (TRoPEK & REHOUNEK 2012). Biologicka hodnota téchto biotopd v jinak sterilni
intenzivni zemédélské krajiné je dlouhodobé zkoumana a vyhodnocovana (ScHuLz & WIEGLEB
2000; BENES et al. 2003; CiLek 2005; PrRACH 2008; KrAuss et al. 2009; LUNDHOLM & RICHARDSON
2010).

Za poslednich sto let nedoslo jen k ploSnym zménam a unifikaci lesnich porost(, ale i
téch nelesnich. Drobna pole a zahumenky ztratily na svém vyznamu a byly nahrazeny
rozsahlymi zemédélsky obhospodarovanymi hony. Postindustridlni biotopy jsou vsak pod
znacnym tlakem pfirozenych pochodl v ramci sukcesnich zmén, které vedou k zarGstani
pionyrskymi druhy, postupnym zvySenym zastinem a akumulaci Zivin (BRADSHAW 1997; PRACH
& Py3ek 2001; WIEGLEB & FELINKS 2001). Dalsim negativnim jevem jsou piimé rekultivacni
zasahy. Tyto zdsahy, pokud nejsou vhodné naplanovany a koncipovany, vedou povétsiné
k unifikaci podminek na lokalité, napf. v rdmci vyuzivani plochy jako deponie pro odpady a
dalsi nepotiebny material, ale také v zakoné ukotvenych tizenych rekultivaci (PRACH & HOBBS
2008; PRrRACH et al. 2011). Biologickd hodnota téchto biotopl je totiz ddna predevsim
zastoupenim mikrobiotop( v ranych &i stfednich stadiich sukcese, jako je vysoké zastoupeni
holé plGdy ¢i kamenitého podkladu, fidkého vegetacniho krytu a zastinéni kefovym i
stromovym patrem (ScHuULzZ & WIEGLEB 2000; NovAK & PRACH 2003; MUDRAK et al. 2010). Tyto
biotopy se pak mohou stat utocistém druh( i z prilehlych ¢i vzdalenéjsich rezervaci (PYSEk et
al. 2001; Youna et al. 2005).

Podminky panujici na postindustridlnich biotopech jsou vesmés extrémni a tak jsou tyto
biotopy obyvdny specializovanymi druhy (LUNDHOLM & RICHARDSON 2010). Komplexni
podchyceni biodiverzity vyZzaduje nutné multitaxonomicky pfistup, protoze béznymi
metodami vyzkumu neni mozné v ramci jedné skupiny Zivocichl ¢i rostlin zachytit celé
spolecenstvo (TROPEK et al. 2008; TRoPEK et al. 2010). Strevlikoviti mohou slouzit jako vhodna
skupina pro celkové posouzeni hodnoty biodiverzity na téchto stanovistich. Je vSak nezbytné,
vzhledem k adaptacim jednotlivych druh(, zvolit takovou metodiku jejich sbéru, ktera
v Cervenych seznamech ohrozenych druhl, jsou vétdinou zemnimi pastmi obtiiné
zachytitelné, protozZe se vyhybaji vétSim plocham holého substratu. Maji také dalsi limitujici
Zivotni ndroky na potravu, dostatek ukryt( ¢i na padni kryt nutny k UspéSnému prezimovani
(CLARK et al. 1997; TyLER 2008; KAGAWA & MAETO 2009).
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Strevlikovité jsme pouzili jako bioindikacni skupinu pfi vyhodnocovani kvality biotopu
v pfirodnich lesich stfednich poloh, ve svétlych niZinnych lesich, ndhradnich biotopu
vzniklych na plvodné druhové bohatych plochach (vapencové lomy) a také na nové
vytvorenych postindustridlnich biotopech — ¢ernouhelné vysypky (TROPEK et al. 2012).
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Lukas Spitzer, Ivan H. Tuf, Jana Tufova & Robert Tropek (2007): Ptispévek k poznani fauny
epigeickych bezobratlych dvou ptirodnich jedlobukovych lest ve Vsetinskych vrsich (Ceska
republika) Contribution to the knowledge of epigeic invertebrates of two seminatural fir-
beech deciduous woodlands in the Vsetinské vrchy Hills, Western Carpathians (Czech
Republic). Prdce a Stud. Muz. Beskyd (Prir. Védy), 19: 071-082.

Zbytky ptirodnich lesnich porostd na Vsetinsku patfi mezi nejcennéjsi lokalni centra
biodiverzity nejen z hlediska botanického (Ri¢an 1932), ale i mykologického (HRNCIRIK 1989),
evertebratologického (SECHTEROVA 1992) ¢i ornitologického (PAVELKA 1987). Tyto lesni porosty
si udrZovaly polopfirozeny charakter az do poloviny 19. stoleti. Do té doby se zde
uplatiovala pouze toulava tézba a prilezitostné také extenzivni pastva. V padesatych letech
19. stoleti byla velka vétSina pfistupnych lesnich porostll holose¢né vytéZena. Rozsahlé
holiny byly osazeny neplvodnimi smrkovymi monokulturami. S organizovanou statni
ochranou zbylych polopfirozenych porostli bylo zapofato az po roce 1945, kdy byly
uzadkonény dvé lesni rezervace i ve Vsetinskych vrsich (MAckovCIN & JATIOVA 2002). DalSich
nékolik porostd bylo vyhlaseno rezervacemi az ve druhé poloviné 20. stoleti.

Studium bylo zaméreno na ploSné omezené prirodé blizké lesy ve stfednich
nadmoriskych vyskach ve Vsetinskych vrsich, v ptirodni rezervaci Kutany a pfirodni rezervaci
Halvovsky potok. Jednalo se o pilotni studium rozsifeni péti skupin epigeickych bezobratlych
— strevlikovitych, pavoukl a sekacu, stejnonozch a stonozkovcl (Chilopoda a Diplopoda).
Pfirodni rezervace, kde byl vyzkum provadén, patfi mezi pfirozené stfedné naruSované lesy
s vysokym stafim s caste¢né sutovym podkladem ve znacné svaZitém terénu. Struktura lesa
je zde narusena, s mnozstvim svétlin po padech strom( a sesuvech, tj. prevaziné abiotickymi
vlivy (SCHERZINGER 1996) a prirozenym rozpadem prestarlého stromového patra. Je zde patrna
i aktivita zvére, bohuzel zde jiz nékolik staleti neni znam vyskyt velkych herbivor( (PAVELKA &
TREZNER 2001). Zvér zde spiSe pusobi Skody na pfirozeném zmlazeni a udriuje tak
polootevieny charakter nejstarSich ¢asti lesniho porostu.

V sedmdesatych a osmdesatych letech 20. stoleti byl opakované proveden vyzkum
epigeické fauny metodou zemnich pasti v pfirodni rezervaci Kutany (BRABEC 1997). Dlraz byl
kladen hlavné na celed' stfevlikovitych (Coleoptera: Carabidae). Epigeicka fauna byla nami
zkoumana v roce 2005. Bylo uZito opét metody zemnich pasti (cf. BRABEC 1997). V kazdém
porostu bylo instalovano celkem 12 pasti s minimalné 40metrovymi rozestupy tak, aby byly
pokryty vSechny dostupné zakladni typy mikrohabitatl. Celkem bylo na obou lokalitach
v zemnich pastech zachyceno 908 jedincl vybranych skupin epigeickych ¢lenovcd, ktefi byli
uréeni jako zastupci 51 druhi: 4 druhy stejnonozctl (263 ex.), 1 druh sekace (8 ex.), 7 druhi
stonozek (22 ex.), 25 druh( strevlikd (455 ex.), 9 druhl pavoukl (149 ex.) a 5 taxonu
mnohonoZek (11 ex. — z nich jeden exemplaf juvenilni mnohonozky byl uréen pouze do
rodu). Faunu lokality prirodni rezervace Kutany predstavovalo 37 druh(. Na druhé lokalité,
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pfirodni rezervace Halvovsky potok, bylo zaznamenano 42 druhi. Celkem 28 druh( bylo
spolecnych obéma lokalitam.

Vyskytovaly se zde i reliktni druhy zkoumanych skupin (v pfipadé strevlikovitych dva
druhy), véetné druhl sutovych (v pfipadé pavoukl). Zjisténé druhové spektrum (51 druht)
vybranych taxonl epigeickych clenovcl bylo primérné bohaté a bylo tvofeno vesmés
lesnimi druhy nebo druhy s Sirsi ekologickou valenci (BucHAR 1983; HURKA et al. 1996). Stejné
tak vSechny zjisténé druhy pavoukl patfi mezi bézné lesni druhy. Nebyl zjistén Zadny druh
vazany na nenaru$ena stanovisté, zaroven vsak ani jeden z nalezenych druhl nepatti mezi
druhy charakteristické pro pfirozené narusené biotopy (HURKA et al. 1996; BUCHAR & RUZICKA
2002). Dalsi zjisténé druhy clenovcl byly spiSe druhy vseobecné se vyskytujici, bez tésné
vazby na specificky biotop. V pfipadé strevlik(i naprosto dominovaly lesni druhy, vétsina
z nich byla i typicka pro lesy pahorkatin nebo hor. Kromé dvou druh( radi HORKA et al. (1996)
vSechny strevliky do kategorie A — druhy se stfedné silnou vazbou na biotopy. Dva zjiSténé
druhy (Carabus variolosus a Cychrus attenuatus) fadi do kategorie R (reliktni) — druhy se
silnou vazbou na specificky biotop. Rozdilnd povaha obou lokalit se tak ¢aste¢né projevila na
zjisténé druhové bohatosti epigeickych clenovcl. Na kvalitu spolecenstva epigeickych
¢lenovc méla pritomnost balvanitého sutoviska vétsi vliv nez mnoiZstvi rozpadajiciho se
dreva.

Pfi srovnani ziskanych vysledk( s pfedchozimi prlizkumy (SECHTEROVA 1992; BRABEC 1997)
nedoslo k podstatnym zménam v druhovém slozeni zachycenych spolecenstev, zmény byly
ale v abundancich jednotlivych druhl s patrnym ubytkem pocetnosti svétlomilnych a
petrofilnich druhd. Metodou zemnich pasti vSak nebyly vibec zastizeny, stejné jako
v minulosti, druhy, které maji vazbu na kamenity substrat ¢i na periodicky se otevirajici gapy
s primarni sukcesi (SPITzer et al. 2010). Pfi poufZiti srovndvaci metody individudlniho sbéru a
prosevi byly napf. zjistény tfi druhy malych stfevlikd rodu Trechus, jeden druh rodu Leistus a
dalsi druhy strevlikl fazenych do skupiny R (reliktni). Je pravdépodobné, Ze poufziti pouze
metody zemnich pasti pro posouzeni kvality spolecenstva strevlikovitych bez pouziti
doprovodnych metod a skupin ¢lenovcll by vtomto typu biotopu s kamenitym podkladem
neprineslo prikazné vysledky.
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Abstract. Based on their biological diversity, remnants of seminatural fir-beech woodlands are one of the
most valuable habitats of the Vsetinské vrchy Hills (Western Carpathians, Czech Republic). Due to intensive
forestry, these habitats are declining across Central Europe.

So far, few studies have been conducted of the composition of epigeic invertebrates in natural forests of the
region. This study covers epigeic invertebrate fauna (isopods, harvestmen, millipedes, centipedes and ground
beetles) inhabiting two reserves (capitals denote the locality: HP - the Halvovsky potok Nature Reserve, K -
the Kutany Nature Reserve) in the central part of the Vsetinské vrchy Hills. Twelve pitfall traps per reserve
were exposed for one month in spring and repeatedly in summer 2005. The traps were localized so as to catch
local variability of microhabitat conditions.

In total, 759 adult individuals of 51 epigeic invertebrate species were identified (4 isopods, 1 harvestman,
7 centipedes, 25 ground beetles, 9 spiders and 5 millipedes which 1 species of them was identified only to
genus level). The majority of species were recorded from the locality HP (42 species), while 37 species were
found in K as well. There was a large difference in presence of millipedes and centipedes between two
reserves. Higher diversity was found in HP, where almost all species collected were present. There were no
differences between the local communities of ground beetles beetwen HP and K. When compared to previous
studies, the abundance of some species was lower (especially Carabus obsoletus Sturm, 1815 and Cychrus
attenuatus (Fabricius, 1792)). Carabus variolosus Linné, 1787 (protected by European law) occurred in high
numbers in both reserves. The spider’s diversity was higher in K. There were scree forests species which were
surprisingly absent from HP (Harpactea lepida (C. L. Koch, 1838), Tegenaria silvestris L. Koch, 1872).

The results highlight to indispensableness of insular remnants of natural fir-beech stands for maintaining
regional species diversity.

UVOD

Zbytky jedlobukovych ptirodnich lesti pfedstavuji jedny z nejcennéjsich biotopt,
které se ve Vsetinskych vrSich vyskytuji. Mistni lesy si udrzovaly polopfirozeny
charakter az do poloviny 19. stoleti. Do té doby se zde uplatiiovala pouze toulava se¢
a extenzivni pastva. V padesatych letech 19. stoleti byla velka vétSina piistupnych
lesnich porostd holosecné vytézena. Rozsahlé holiny byly osazeny nepuvodnimi
smrkovymi monokulturami, s ¢imz se ¢asto pokracuje dodnes. S organizovanou statni
ochranou zbylych ptivodnich porostii bylo zapodato az po roce 1945, kdy byly
uzakonény dvé lesni rezervace i ve Vsetinskych vrsich (MACKOVCIN & JATIOVA 2002).
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Po roce 1989 se vyrazné zvysil zajem o ochranu zbylych ptirodnich lesd.
V devadesatych letech tak byla vyhlaSena fada maloplos$nych lesnich rezervaci a dalsi
stale Cekaji na =zajisténi zakonné ochrany. VyhlaSené rezervace jsou vétSinou
lokalizovany na tézko pftistupnych mistech v koncovych partiich Gdoli Vsetinskych
vrch, mnohdy se sutovym podkladem. Jejich rozloha kolisa pouze v jednotkach az
nékolika malo desitkach hektarti (PAVELKA & TREZNER 2001). Vyhlasovany byly vzdy
porosty typu ,,pfirodni les“ (VRSKA & HORT 2004), ve kterych byla dlouhodobé
odkladana tézba. VSechny lesy byly ale v minulosti do jisté miry ovlivnény ¢innosti
cloveka. Pralesy sensu stricto se jiz ve Vsetinskych vrsich nevyskytuji.

V sedmdesatych a osmdesatych letech byl opakované uskuteénén vyzkum
epigeické fauny v Prirodni rezervaci (dale jen PR) Kutany (BRABEC 1997). Dtiraz byl
kladen hlavné na celed stfevlikovitych (Coleoptera: Carabidae). Dalsi skupiny broukt
a ¢lenovcl nebyly dosud komplexné zpracovany a jsou ulozeny ve sbirkdch Muzea
regionu Valassko ve Vseting.

V ptirodé¢ blizkych porostech provedl PAVELKA (2002) na vhodnych habitatech
v okrese Vsetin prizkum rozsiteni druhu Carabus variolosus Fabricius, 1787, na n&jz
navazali SPITZER & VALCHAROVA (2006) pruzkumem mikrohabitatovych preferenci
tohoto druhu v prostoru Javornikti a Vsetinskych vrcht.

Pavouky v PR Kutany chytala pomoci zemnich pasti v roce 1988 SECHTEROVA
(1992), vblize neurCenych jedlobukovych porostech v okoli Vsetina pavoukovce
chytali také ucastnici arachnologické exkurze v roce 1998 (srovn. BUCHAR & RUZICKA
2002). Presto je arachnofauna jedlobukovych lesi Vsetinskych vrchi malo
prozkoumana a informace o vyskytu jednotlivych druhti jsou stale neuplné.

Tento prispévek piinasi prvni informace o vysledcich orientaéniho prizkumu
epigeickych ¢lenovci - stievlikovitych (Carabidae), stonozek (Chilopoda), mnohonozek
(Diplopoda), suchozemskych stejnonozct (Isopoda: Oniscidea), pavoukli (Araneae)
a sekact (Opiliones) na dvou lokalitach - v PR Kutany (dale K) a Pfirodni rezervaci
Halvovsky potok (dale HP).

Ob¢ lokality lezi v centralni ¢asti hiebene Vsetinskych vrchii. Ackoli se jedna
o lokality, které jsou od sebe vzdalené jen asi 1500 m, velmi vyrazné se lisi strukturou
lesniho porostu i povahou povrchu lokality. Rezervace Kutany byla vyhlasena jiz v roce
1969, lesni porosty v nejstar$i ¢asti rezervace jsou dnes jiz ve stadiu samovolného
rozpadu. Povrch lokality je viceméné homogenni, jen vyjimecné je naru§ovan drobnymi
lokalnimi kamenitymi sesuvy. PR Halvovsky potok byla vyhlasena az v roce 1999
a pomineme-li mlady les, ktery je také do tizemi rezervace zahrnut, jedna se dosud
o vitalni homogenni jednoetazovy stiedné stary jedlobukovy porost lokalizovany na
balvanitém sutovisku.

V této praci je na zaklad¢é dat ziskanych v pribéhu jednoho roku srovnavana
struktura spolecenstva epigeickych ¢lenovel a jsou diskutovany rozdily pramenici
z nestejné povahy porostil obou rezervaci.

MATERIAL A METODIKA

PR Kutany (49°22'N, 18°5'E; mapovaci faunisticky ¢tverec: 6674) lezi v katastru obce Halenkov
(okres Vsetin) na jihovychodnim svahu centralniho hiebene Vsetinskych vrchi v pramenné ¢asti potoka
Dinotice. Rozklada se v nadmoiské vysce 610-770 m a jeho vymeéra Cini cca 15 ha. Horni okraj rezervace lezi
pfiblizné¢ 200 m jihovychodné od turistické chaty Cab. Geologicky podklad uzemi je tvofen solanskymi
vrstvami magurského flySe. Svahy jsou naruSeny az deset metrd hlubokymi eroznimi ryhami zdrojnic potoka
Rézto¢ny. Pidnim typem jsou hnéd¢ lesni puidy, na severu ojedinéle vystupuji skupiny balvant. Jedna se o asi
180 let stary jedlobukovy porost s dominantnim zastoupenim buku lesniho (Fagus sylvatica L.), b&zné
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je zastoupena i jedle bélokora (4bies alba Mill.) a javor klen (Acer pseudoplatanus L.). Pfimiseny jsou i dalsi
druhy, napriklad smrk ztepily (Picea abies (L.) Karsten) a roztrousen¢ i jasan ztepily (Fraxinus excelsior L.).
Porost je viceetazovy, nestejnovéky. Ve dvou nejstarSich jadrovych ¢astech je vétSina stromu jiz odumfela,
je zde velké mnozstvi vyvrati, zlomu i stojicich mrtvych pahyli. Jedno z pramennych mist potoka Dinotice
lezi ptimo v prostoru nejstarsi ¢asti rezervace, vznikly potok se rychle zvétSuje a protéka dale celou rezervaci.
V rezervaci je zastoupena typicka flora kvétnaté karpatské jedlobuciny svazu Dentario enneaphylli-Fagetum
(MACKOVCIN & JATIOVA 2002). V rozvolnénych starych ¢astech rezervace je pokryvnost bylinného patra
vysoka (az 100%), v zapojenych porostech nizsiho véku je tato pokryvnost maximalné poloviéni.

PR Halvovsky potok (49°22'N, 18°5'E; mapovaci faunisticky ¢tverec: 6674) lezi na katastru mésta
Vsetina (okres Vsetin) v nadmoiské vysce 595-680 m. Lokalita ma rovnéz jihovychodni expozici. Lezi
v pramenné Casti potoka Jasenice. Celkova vyméra rezervace je cca 20 ha. Geologicky podklad je identicky
jako u lokality K, balvanité a skalnaté vychozy jsou zde vS§ak mnohem castéjsi. Jedna se o porost rozdéleny
ptedchozi tézbou na dvé Casti. Polovina rezervace je lokalizovana na piskovcovém balvanitém sutovém poli.
Druha polovina rezervace s minimem skalnatych vychozi je oddélena od prvni mladou vysadbou smrku
ztepilého. Lesnicky se jedna o jedlobukovy porost s dominantnim zastoupenim buku lesniho. Vyznamny podil
zde ma jedle bélokora, pfimiSen je i javor klen a vzacné i smrk ztepily. Nejstarsi stromy dosahuji véku
piiblizné 160 let, mnozstvi odumfelych, rozpadajicich se stromt je nizké. V centralni Casti doslo v nedavné
dobé k polomtim, jinak je porost zapojeny a dosud v dobrém stavu. Porost byl pied rokem 1999 ze viech stran
obtézen, pfic¢emz na vzniklych holinach byl takika na celém tizemi vysazen smrk. V prosvétlenych ¢astech na
okrajich porostu narozdil od lokality K velmi dobfe zmlazuje jedle, kterd v omezenéjsi mife rovnéz zmlazuje
iv centralnich &astech starého lesniho porostu (TKACIKOVA & TKACIK 2005). V rezervaci je zastoupena
typicka flora kvétnaté karpatské jedlobuéiny svazu Dentario enneaphylli-Fagetum (MACKOVCIN & JATIOVA
2002).

Epigeicka fauna byla zkoumana vroce 2005 metodou zemnich pasti. V kazdém porostu bylo
instalovano celkem 12 pasti s minimalné 40metrovymi rozestupy tak, aby pokryly vSechny dostupné zakladni
typy mikrohabitatl (potok; mista s velkym mnozstvim padlého, trouchnivéjiciho dieva; kamenité pole; sucha,
oslunéna mista; mista s vysokou pokryvnosti bylinného patra). Pozice pasti byly voleny piimo nebo co
nejblize jednotlivym mikrohabitatim (napf. vegetace prosty Stérkovity naplav v potoce ¢i misto s nejvyssi
koncentraci rozpadajicich se kment). Pasti tvorily sklenice o objemu 1 I a priméru 15 cm a byly exponovany
dvakrat vzdy po dobu 1 mésice (12.V.-15.V1.2005; 23.VII-30.VIIL.2005). Konzervantem byl zvolen 4-5 %
roztok formaldehydu (PEKAR 2002). Pasti kryly stfiSky z pfirodniho materialu (silng&jsi kusy kury, dfev).
Pro skupinu pavouku byl zpracovan material jen z druhého vybéru pasti.

Nomenklatura, udaje o vyskytu v CR, stanovistnich narocich a stupni ohrozeni pro skupinu
stievlikovitych byly pievzaty z praci HURKY (1996) a HURKY et al. (1996); mnohonozky (Diplopoda) byly
determinovany podle STOJALOWSKE (1961) a BLOWERA (1985); stonozky (Chilopoda) s vyuzitim
BROLEMANNA (1930), EASONA (1964) a KACZMARKA (1979). Suchozemsti stejnonozci (Isopoda: Oniscidea)
byli determinovani podle FRANKENBERGERA (1959) a GRUNERA (1966); pavouci podle HEIMERA
& NENTWIGA (1991) a ROBERTSE (1993). Udaje o vyskytu v CR a stanovistnich narocich byly ptevzaty
7z BUCHARA & RUZICKY (2002). Systém a nomenklaturu jednotlivych druhti jsme pouzili podle zavedeného
nejnovéjsiho systému PLATNICKA (2007). Sekadi jsou urdeni podle SILHAVEHO (1956). Material byl
determinovan autory a je ulozen v jejich sbirkach. Plna védecka jména jednotlivych zjisténych druhi jsou
uvedena v tab. 1.

VYSLEDKY

Celkem bylo na obou lokalitich v zemnich pastech zachyceno 908 jedinct
vybranych skupin epigeickych ¢Elenovcei, ktefi byli urceni jako zastupci 51 druht:
4 druhy stejnonozcti (263 ex.), 1 druh sekace (8 ex.), 7 druhd stonozek (22 ex.),
25 druht stievliku (455 ex.), 9 druht pavoukt (149 ex.) a 5 taxont mnohonozek (11 ex.
- z nich jeden exemplat juvenilni mnohonozky byl uréen pouze do rodu). Na lokalit¢ HP
se vyskytovalo 42 druhti. Faunu lokality K pfedstavovalo 37 druhd. Celkem 28 druht
bylo spole¢nych obéma lokalitam.

Vsechny 4 druhy suchozemskych stejnonozct se vyskytovaly jak na lokalité K,
tak 1 na lokalit¢ HP. Jako nejpocetnéjsi byly zaznamenany druhy Protracheoniscus
politus (51 %) a Ligidium hypnorum (38 % vSech determinovanych jedinci na obou
lokalitach). Dalsi dva druhy se v ulovcich vyskytovaly nepomérné vzacnéji: Trachelipus
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Tab. 1.  Piehled vsech zjisténych druht sledovanych skupin a pocty odchycenych jedincti na
lokalitach K a HP. Druhy oznacené * jsou dale komentovany.

Tab. 1. Survey of all recorded species of the studied systematic groups and numbers of
collected specimens in the K and HP localities. Species indicated with* are commented.

PR Kutany
K)

PR Halvovsky potok
(HP)

Isopoda: Oniscidea

Ligidium germanicum Verhoeff, 1901

Ligidium hypnorum (Cuvier, 1792)

41

60

Protracheoniscus politus (C. L. Koch, 1841)

42

92

Trachelipus ratzeburgii (Brandt, 1833)"

14

Chilopoda

Lithobius agilis C. L. Koch, 1847

Lithobius dentatus C. L. Koch, 1844

Lithobius erythrocephalus C. L. Koch, 1847

Lithobius forficatus Linné, 1758

Lithobius mutabilis L. Koch, 1862

Lithobius nodulipes Latzel, 1880

Strigamia acuminata (Leach, 1814)

SO~ |

Diplopoda

Glomeris hexasticha Brandt, 1833

Glomeris verhoeffi fagivora (Verhoeff, 1906)"

Leptoiulus sp. Verhoeff, 1894

Megaphyllum projectum (Verhoeff, 1894)"

Unciger foetidus (C. L. Koch, 1838)

e k=l =] "] [}

U U U FU0Y SN

Opiliones

Oligolophus tridens (C. L. Koch, 1836)

Araneae

Eurocoelotes inermis (L. Koch, 1855)

Coelotes terrestris (Wider, 1834)

Cybaeus angustiarum L. Koch, 1868”

Haplodrassus silvestris (Blackwall, 1833)

Harpactea lepida (C. L. Koch, 1838)

Histopona torpida (C. L. Koch, 1834)

Linyphia hortensis Sundevall, 1830

Tegenaria silvestris L. Koch, 1872

Trochosa terricola Thorell, 1856

el L=l k=1 1 N 1 e k=)

(=) el Pl | (S K}

Coleoptera: Carabidae

Abax ovalis (Duftschmid, 1812)

Abax parallelepipedus (Piller & Mitterpacher, 1783)

Abax parallelus (Duftschmid, 1812)

Carabus auronitens Fabricius, 1792

Carabus convexus Fabricius, 1775

Carabus coriaceus Linnaeus, 1758

Carabus glabratus Paykull, 1790

Carabus linnei Panzer, 1810

Carabus nemoralis O. F. Miiller, 1764

Carabus obsoletus Sturm, 1815

Carabus scheidleri helleri Ganglbauer, 1892

\S} O | —
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Tab. 1. Pokracovani
Tab. 1. Continuation

PR Kutany PR Halvovsky potok
K) (HP)
Carabus variolosus Fabricius, 1787 6 3
Carabus violaceus Linné, 1787 74 26
Cychrus attenuatus (Fabricius, 1792) 12 9
Cychrus caraboides (Linné, 1758) 0 2
Nebria brevicollis (Fabricius, 1792) 1 1
Platynus assimilis (Paykull, 1790) 1 0
Pterostichus aethiops Panzer, 1796 4 2
Pterostichus burmeisteri Heer, 1838 50 13
Pterostichus foveolatus (Duftschmid, 1812) 7 1
Pterostichus niger (Schaller, 1783) 8 0
Pterostichus oblongopunctatus (Fabricius, 1787) 2 1
Pterostichus pilosus (Host, 1789)" 4 0
Pterostichus unctulatus (Duftschmid, 1812) 6 12
Trichotichnus laevicollis (Duftschmid, 1812) 0 1

ratzeburgii (6 %) a Ligidium germanicum (5 %). Relativné vzacné byl na obou
lokalitach zaznamenén seka¢ druhu Oligolophus tridens.

Mezi stonozkami (Chilopoda) dominoval druh Lithobius mutabilis (celkem bylo
na obou lokalitich zaznamenano 13 jedinci tohoto druhu, tj. 59 % vSech
determinovanych stonozek). Zastupci dalSich 5 druh@ rodu Lithobius byli zaznamenani
pouze v jednom az tfech exemplatich. Rod Strigamia byl reprezentovan jednim
jedincem druhu Strigamia acuminata. Na lokalit¢ K byly zjistény pouze tfi druhy
stonozek, zatimco na lokalité¢ HP se vyskytovalo vSech 7 zjisténych druhti.

Zjistény byly dva druhy mnohonozek rodu Glomeris, jeden druh rodu
Megaphyllum a jeden druh rodu Unciger. Obdobné jako u stonozek bylo na lokalité¢ K
zjisténo vyrazné¢ méné druhti (pouze 2). Fauna lokality HP opét zahrnovala vsech
5 zjisténych taxont (jeden juvenilni exemplaf rodu Leptoiulus nebyl blize urcen).

Relativné maly pocet zjisténych druhl pavoukt bylo ovlivnéno spise intenzitou
sbéru a velikosti determinovaného vzorku nez kvalitou lokalit. NejCastéjsimi byly druhy
Cybaeus angustiarum a Coelotes terrestris, které tvorily 63 %, respektive 25 %, vSech
jedincii. Spolecenstvo pavouki lokality K (7 druh@) bylo bohatsi nez lokality HP
(5 druhti). Navic byli na lokalité K zaznamenani zastupci druhti obyvajicich sutové lesy
(Harpactea lepida a Tegenaria silvestris), které nebyly na lokalit¢ HP zjistény (a to
presto, ze mnozstvi skalnatych vychozli na lokalit¢ K je v porovnani s lokalitou HP
zanedbatelné).

Nejpocetnéji  zastoupenym rodem stievliki byli zastupci rodd Carabus
(10 druhi), Pterostichus (7 druhti) a Abax (3 druhy). Nejéastéji se vyskytoval druh Abax
parallelepipedus (111 exemplatt), dale Carabus violaceus (100 ex.) a Pterostichus
burmeisteri (63 ex.). Zméné cCastych druhG byli zaznamenani stfevlici Carabus
variolosus (9 ex.), Carabus obsoletus (2 ex.) a Cychrus attenuatus (21 ex.). Na obou
lokalitach byl determinovan stejny pocet druhti stfevlikovitych (20 druhti), lokality
navzajem sdilely 15 druht stfevlika (tab. 1).
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Komentaie k zajimavym naleziim

Isopoda: Oniscidea

Ligidium germanicum
V CR neni p#ili§ hojny, potvrzen na riiznych lokalitich na Moravé (Podyji, Moravsky
kras, Litovelské Pomoravi, Jeseniky) i v Cechach (Sumava a Novohradské hory,
Doupovské hory). Vystupuje i do vysSich nadmotiskych vysek - 1400 m (GRUNER
1966). Druh byl nachazen sporadicky po celém uzemi obou lokalit.

Protracheoniscus politus
V lesich pomérné bézny druh, ale je zndm i z lu¢nich ekosystému. Tento druh je udavan
jako jihovychodoevropsky (FOLKMANOVA et al. 1955) nebo stfedoevropsky
(FLASAROVA 1958). Obyva listnaté a smiSené lesy, vyskytuje se v tlejicim listi, ve
vlhkém humusu ¢i pod kirou starych stromt. V HP jsme zaznamenali hojné&jsi vyskyt,
soustfedény do mist s velkym mnozstvim listového opadu a vysokou pokryvnosti
zmlazujicich stromkd, nez v K, kde se vyskytoval méné Casto a spiSe plos$né.

Trachelipus ratzeburgii
Vyskytuje se v celé stiedni Evropé a v zapadni poloviné karpatského oblouku, bézny
druh nasich lesti vSech typt vyskytujici se az po horni hranici lesa (FRANKENBERGER
1959). Typicky ho najdeme pod kiirou padlych stromt (RADU 1985). Na lokalit¢ HP byl

druh vyrazné hojné&jsi v porovnani s lokalitou K. Druh byl zaznamenan vzdy v tésném
okoli vétsiho mnozstvi padlého trouchnivéjiciho dreva.

Chilopoda

Lithobius agilis
Bézny stifedoevropsky druh s vyskytem od zapadni Evropy az do Karpat. Byva nalézan
nejcastéji ve smisenych lesich v kameni (FOLKMANOVA et al. 1955) nebo v listnatych
lesich. Druh byl zjistén jen na lokalité¢ HP v pasti umisténé ve stfedu sut'oviska.

Lithobius dentatus
Relativné rozsiteny druh, nicméné nepfili§ pocetny. Obyva lesy (GULICKA 1957). Druh
byl zjisttn na obou zkoumanych lokalitich vjednom exemplafi na mistech
s homogennim povrchem a s nulovou pokryvnosti bylinného patra.

Lithobius nodulipes
Vyskytuje se v lesich po celém tizemi CR. Jedna se o relativné vzacnou stonozku, ktera
mé centrum rozsiteni v JV Evropé (DOBRORUKA 1959, FOLKMANOVA et al. 1955). Zije
na ruznych typech stanovist’, hlavng v listnatych i smiSenych porostech (FOLKMANOVA
& LANG 1960). Preferuje vapenité podlozi. Druh byl zjiStén jen na lokalit¢ HP pobliz
pramenisté a hromady tlejiciho bukového dieva.

Diplopoda

Glomeris hexasticha a G. verhoeffi fagivora
Oba dva druhy preferuji listnaté (v podhorskych oblastech bukové) az smiSené lesy
(FOLKMANOVA et al. 1955, LANG 1954). Oba druhy byly nalezeny vzdy v tésné
blizkosti hromady rozpadajiciho se bukového dieva.
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Megaphyllum projectum
Jde o petrofilni druh se Sirokou ekologickou toleranci (FOLKMANOVA et al. 1955),
dalezity dekompozitor opadavych lesu, zvlasté s vapencovym podlozim. Najdeme ho
v niz§ich nadmoiskych vyskach i v horskych polohach (TAJOVSKY 1997) v celé Evropé.
Déava prednost chladnéjs§imu a vlh¢imu pocasi, proto vice aktivuje na jafe a na podzim.
Druh byl zjistén jen na lokalit¢ HP na oslunéném pramenisti s bohatou bylinnou
vegetaci.

Araneida

Cybaeus angustiarum
V CR pomérné hojny druh. Hojnéji se viak tento vlhkomilny pavouk vyskytuje
prakticky jen v zachovalych lesich s dostatkem rozkladajici se dievni hmoty,
v hospodafskym monokulturach se vyskytuje spiSe vyjimecn€. Charakteristicky je
obzvlasté pro vlihké lesy vyssich poloh.

Tegenaria silvestris
Hojny druh nalézany pod kameny, zejména v sutovych a kamenitych lesich. Tento
druh, stejné jako dal$i druh charakteristicky pro sutové lesy Harpactea lepida, byl
zaznamenan pouze na mén¢ kamenité lokalité K!

Coleoptera: Carabidae

Carabus convexus
Druh je v Cechach i na Morave plosné rozsiten, vystupuje i vysoko do pahorkatin. Druh
byl zjistén jen na lokalité HP na ploSe v tésné blizkosti potoka.

Carabus linnei
Druh typicky pro lesy rozsahlejsich horskych masivii. Nad hranici ptiblizné¢ 700 m n.m.
se jedna o dominantni druh. Byl nalezen na obou lokalitach vzdy na podmacéenych
mistech (pramenisté, blizkost potoka).

Carabus obsoletus
Druh karpatského oblouku, na Moravé s ojedinélym vyskytem. Na lokalit¢ K byli
chyceni pouze dva jedinci tmavého zbarveni. V minulosti se zde vyskytoval hojné
(BRABEC 1997). Zaznamenani byli na kraji osvétleného sesuvu v centralni Casti
rezervace. Toto misto je kamenitého charakteru a taktka Gplné kryto bylinnou vegetaci
a zmlazenim buku lesniho.

Carabus scheidleri helleri
Druh byl nalezen v poctu 22 exemplatrti pouze v HP. Bohuzel nebyl potvrzen z lokality
K, ackoli se zde dfive také vyskytoval (BRABEC 1997). VSichni jedinci byli
zaznamenani na prosvétleném kraji porostu v mistech s nejsiln€j$im zmlazenim jedle
bélokoré.

Carabus variolosus

Druh byl potvrzen na obou lokalitach, kde zije kolem tamnich poti¢kd hojné a plosné.
Vyskytuje se zde jak v okoli lesnich, bohaté vegetaci porostlych pramenist’, tak i pfimo
v kamenitych potocich. Na lokalit¢ HP sleduje druh i dnes podmacené opusténé cesty
zafezané v pravidelnych rozestupech kolmo do svahu. Terasy téchto ptivodnich lesnich
cest maji dnes charakter bazinek a jsou jen velmi mirné€ porostlé vegetaci. HURKA et al.
(1996) tadi tento druh do kategorie R (reliktni), FARKAC et al. (2006) pak do kategorie
VU (zranitelny).
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Cychrus attenuatus
Druh zjistény relativné hojné a plosné na obou lokalitach. Na lokalit¢ HP vyhledéaval
spiSe mista s kamenitym podkladem. Ackoli je HURKOU (1996) hodnocen jako

vzacnéjsi, je zde mnohem hojnéjsi nez piibuzny druh C. caraboides. HURKA et al.
(1996) tadi tento druh do kategorie R (reliktni).

Pterostichus pilosus
Druh karpatskych pohoii, v Cechach chybi, na Moravé je jeho vyskyt lokélni, je vazan
na horské polohy Beskyd a Vsetinskych vrchi. BRABEC (1997) tento druh na lokalité K
nenalezl. Nam se jej podafilo prokazat v pastech umisténych na nahromadéném
materialu (dfeva a §térku) piimo v potoku na lokalité K.

DISKUSE

Zjisténé druhové spektrum (51 druhi) vybranych taxont epigeickych ¢lenovet
bylo primérné bohaté a bylo tvofeno vétsinou lesnimi druhy nebo druhy s Sirsi
ekologickou valenci. Stejné tak vSechny zjisténé druhy pavouku patii mezi bézné lesni
druhy. Nebyl zjistén zadny druh vazany na nenarusena stanovisté, zaroven vsak ani
jeden znalezenych pavoukti nepatii mezi druhy charakteristické pro silné narusené
biotopy (HURKA et al. 1996, BUCHAR & RUZICKA 2002). Dalsi zjisténé druhy ¢lenovect
jsou spise druhy vSeobecné se vyskytujici, bez tésné vazby na specificky biotop.
VétSina druht vSak preferuje lesni porosty. V ptipad¢ strevliki naprosto dominovaly
lesni druhy, vétSina z nich byla i typicka pro lesy pahorkatin nebo hor. Kromé¢ dvou
druht fadi HORKA et al. (1996) vSechny stfevliky do kategorie A - druhy se stiedné
silnou vazbou na biotopy. Dva zjisténé druhy (Carabus variolosus a Cychrus
attenuatus) fadi do kategorie R (reliktni) - druhy se silnou vazbou na specificky biotop.

Pestiejsi spoleCenstvo epigeickych ¢lenovet bylo nalezeno na lokalité HP
(42 druhi), ackoli se jedna o homogenni stejnovéky porost s malym mnozstvim
rozpadajiciho se dieva. Velka vétsina porostu je zde vSak lokalizovana na balvanitém
sutovém poli, coz se ziejm¢ pozitivné odrazilo na bohatosti druhového slozeni
epigeickych Clenovcii. Na lokalité¢ K je pfitomno vyrazné vic leziciho dfeva v rizném
stadiu rozpadu - od cCerstvé padlych kment po koneéné stadium rozpadu. Tato
skutecnost se ovSem plné nepromitla do zaznamenané bohatosti epigeické fauny (pouze
30 druhi). Tyto potencialné velmi hodnotné mikrohabitaty jsou jisté obyvany vice
druhy ¢lenovcetl, nez bylo zjisténo pomoci zemnich pasti (mnohonozky byly zachyceny
hlavné v pastech v tésné blizkosti rozpadajicich se kmend stromti, ale pouze v nizkych
poctech). Site druhového spektra mnohonozek a stejnonozci se ziejmé metodami, které
jsme pouzili, neda uspokojivé zachytit (mnohonozky nejsou obecné dostate¢né
pohyblivé a jen zfidka opoustéji idedlni mikrostanovisté). Pro detailni poznéni
spolecenstev vySe zminénych skupin by bylo nutno provést i individualni sbér pod
kdrou a v rozpadajicim se dievé, jakozto i odbér standardizovanych pudnich vzork.
Takovyto odbér vzorkd srovnatelné kvality by vsak byl zvlasté v ptipadé lokality HP
diky balvanitému sutovisku a nedostatku rozpadajicich se kment stromt velmi
problematicky, ba nemozny.

Je otazkou, v jaké mife se na rozdilech v druhové pestrosti promitla ptitomnost
balvanitého sutoviska na lokalit¢ HP. Na lokalit¢ HP byla naptiklad v jednom
exemplafi nalezena mnohonozka Megaphyllum projectum, kterd je povazovana
za petrofilni (FOLKMANOVA et al. 1955). Pomémeé bézna stonozka Lithobius agilis,
ktera je také nachazena prevazné na kamenitém podkladé (FOLKMANOVA et al. 1955),
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byla zjisténa také pouze na této lokalité, a to pfimo v centru sut'oviska. Druh zjistény
op¢t jen na lokalit¢ HP Glomeris hexasticha je vyjimeéné nachazen i v jeskynich (LANG
Mnohonozky byly ovSem v pastech zachyceny pouze v nizkych poétech. Pro lepsi
moznosti interpretace by bylo nutné zpfesnit prizkum i pouzitim invazivnich metod
(rucni sbér).

V kontrastu s ostatnimi skupinami epigeickych ¢lenovct byl vétsi pocet druhi
pavouk zjistén na lokalité K (7 druhti) nez na lokalité¢ HP (5 druhti). Na lokalité K byly
navic prekvapivé zaznamenany dva druhy sutovych pavoukd (Harpactea lepida
a Tegenaria silvestris), pticemz jejich vyskyt nebyl potvrzen zlokality HP. Pro
presnéjsi zavery bude proto potieba v budoucnu ziskat vétsi mnozstvi dat.

Vroce 1988 bylo komplexnim prizkumem za pouziti zemnich pasti s delsi
a opakovanou expozici a individudlniho sbéru na lokalité K zjisténo 22 druhti pavoukt
(SECHTEROVA 1992). Nase vysledky ovlivnéné niz$i intenzitou sbéru a pouzitou
metodikou obsahuji pouze 9 druhd pavoukd, i pfesto vSak byly zjistény 3 druhy pro
PR Kutany dosud neznamé (Haplodrassus silvestris, Tegenaria silvestris a Trochosa
terricola). To jen potvrzuje, jak malo je arachnofauna jedlobukovych lest Vsetinskych
vrchit prozkoumana. Ke zjisténi kompletni arachnofauny uzemi je nutné exponovat
pasti po delsi ¢ast sezony a obohatit material 1 o individualni sbér na vegetaci a kufe
stromtl.

V porovnani s ostatnimi skupinami epigeickych ¢lenovcii (kromé pavoukt), kdy
byla na lokalit¢ K zjisténa Casto vyrazné niz$i druhova pestrost, jsou ob¢ sledované
lokality co se tyce poctu druht strevlikd stejné bohaté (20 druhti). Obdobné byly
i celkové abundance strevlikovitych (K - 239 ex.; HP - 216 ex.). Zde se nijak neprojevil
efekt rozdilné povahy porosti a povrchu lokality. Deset druht stfevliki bylo
zaznamenano pouze na jedné ze sledovanych lokalit. Nejzietelngjsi rozdil byl mezi
obéma lokalitami v pocetnostech druhu Prerostichus niger (HP - 0 ex.; K - 8 ex.)
a Carabus scheidleri helleri (HP - 22 ex.; K - 0 ex.). Nebyl zjistén zadny druh stievlika,
ktery by v zavislosti na pozici pasti upiednostiioval sut'ovisko pted jinymi habitaty.

Zjisténé druhové spektrum stievlikovitych je na lokalité¢ K pouze mirné chudsi,
nez jaké zaznamenal BRABEC (1997) v 70. a 80. letech, ktery zde urcil 26 druht
stievlikovitych (Brabec se nevénoval sbéru dat na lokalit¢ HP). Jelikoz byla v obou
pfipadech pouzita shodna metodika zemnich pasti, je tento rozdil pravdépodobné dan
rozdilnou intenzitou sbéru - vzorky byly Brabcem ziskavany celoro¢ni expozici pasti
a mnohaletym opakovanim. Mozné rozdily dané postoupivsi sukcesi neni mozné na
zéklad¢ nasSich dat analyzovat. Celkem 11 druhti z ptivodnich 26 nebylo znovu na izemi
rezervace nalezeno, naopak byla zaznamenana pfitomnost péti novych druhd (4bax
parallelus, Platynus assimilis, Pterostichus aethiops, P. pilosus a P. unctulatus).
Nékteré, hlavné malé druhy stievlikt (napt. rod Trechus), nebyly v pastech nalezeny
vibec, ackoli je Brabec pro lokalitu uvadi. Pfi nahodném odbéru vzorkd prosivanim
naplavenin pro malakologické ucely jsme na obou lokalitach v roce 2006 ziskali desitky
kusi stfevlikt rodu Trechus (Gdaje ziskané timto zptisobem nejsou v praci zahrnuty).
Tyto malé druhy se ale obecné do zemnich pasti chytaji s nizkou uspésnosti (PETRUSKA
1978; JAROSIK 1992).

BRABEC (1997) wurc¢il 7 druhti stfevlikd, ktefi tvofili nejveétsi procento
odchycenych exemplait (Abax parallelepipedus, Carabus glabratus, C. violaceus,
C. obsoletus, Cychrus attenuatus, Pterostichus burmeisteri a P. foveolatus).
V porovnani se stavem vroce 2005 je patrny vyrazny pokles pocetnosti u druht
P. foveolatus a hlavné u C. obsoletus. BRABEC (1997) tadi druh C. obsoletus dokonce
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mezi druhy subdominantni (70. 1éta) a recedentni (80. 1éta). Vyrazny pokles pocetnosti
druhu Carabus obsoletus tak byl jiz mezi 70. a 80. 1éty. Stav populace tohoto druhu je
tedy mozné od zacatku 70. let do soucasnosti odhadnout jako neustale klesajici. Dale
byly také nalezeny nékteré dalsi druhy v daleko men$im procentuelnim zastoupeni nez
diive (napt. Cychrus attenuatus). Ostatni uvedené druhy stale patii k nejcastéji
zaznamenavanym druhtim.

Pro komplexni prozkoumani lokality z hlediska Sirokého druhového spektra
epigeickych ¢lenovcl se znac¢né variabilnimi zivotnimi naroky by samoziejmé bylo
zapotiebi pouzit kombinace vice sbérnych metod. Samotnd metoda zemnich pasti
je efektivni v odhadu populaci ¢lenoveil pouze vétsich rozméri. V prizkumech téchto
idalSich rezervaci ve Vsetinskych vrScich a Javornicich budeme dale pokracovat
v letech 2006-2008.

ZAVER

Zjisténa bohatost druhového spektra stonozek, mnohonozek a suchozemskych
stejnonozcd byla vyssi na lokalit¢ HP (kde bylo nalezeno vSech 17 zjisténych druhti)
nez na lokalit¢ K (kde bylo nalezeno pouze 10 druhi). Na lokalit¢ HP se castéji
vyskytovaly druhy salesponn ¢asteCnou vazbou na kamenity podklad biotopu.
U pavoukti byl pocet druhii mirné vyssi na lokalit¢ K nez na lokalit¢ HP (7 resp.
5 druhti). Byly v8ak zaznamenany dva druhy pavoukt sutovych lest (Harpactea lepida,
Tegenaria silvestris), a to ptekvapivé na lokalité K.

Diverzita stfevlikovitych byla na obou lokalitich obdobna. Jak na lokalit¢ HP,
tak i na lokalité¢ K bylo nalezeno 20 druhii. Vyrazny rozdil nebyl zjiStén ani ve struktufe
obou spolecenstev. Nebyl nalezen zadny druh stfevlika, ktery by byl uvadén jako druh
preferujici sut'oviska.

Rozdilnd povaha obou lokalit se tak castecné projevila na zjisténé druhové
bohatosti epigeickych ¢lenoved. VéEtsi vliv na kvalitu spoleenstva epigeickych
¢lenoveu méla dle naSich vysledki ptitomnost balvanitého sutoviska nez mnozstvi
rozpadajiciho se dfeva.

V porovnani s vysledky ucinénymi BRABCEM (1997) byl zjistén pokles
abundance u nékolika druhti stfevlikd, pfedevsim Carabus obsoletus a Cychrus
attenuatus. Vyznamné je zjisténi hojného vyskytu celoevropsky chranéného druhu
sttevlika Carabus variolosus, ktery se v prostiedi horskych potickl, pramenist
i druhotnych biotopd vyskytoval plosné a pocetné. Bohuzel se nepodafilo pomoci
zemnich pasti prokazat vyskyt malych druhd stievlikd (napi. rod Trechus), ackoli zde
tyto druhy prokazatelné ziji, jak bylo autory zjisténo pti predchozim sbéru prosevii pro
malakologické ucely.

Vysledky ukazuji na vysokou biologickou hodnotu zkoumanych lokalit.
Ve vyzkumech v dal$ich zbytcich piivodnich porostii budeme dale pokracovat.

Podékovani. Autofi dékuji Petfe Dufkové za pomoc se sbérem vzorkl v terénu. Dale pak Tomasi
Kasparovi za vyraznou pomoc pii zpracovavani vzorkl. NaSe diky patii i dal$im pracovnikim
Muzea regionu Valassko ve Vseting, ktefi nam byli pfi zajistovani prizkumu jakkoli napomocni.
Prace byla podpofena Muzeem regionu Valassko ve Vsetingé a c¢astecné financovana
Ptirodovédeckou fakultou JihoCeské univerzity v ramci grantu MSM 6007665801.
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Publikace Il

Lukas Spitzer, Ondfej Konvic¢ka, Robert Tropek, Magdaléna Rohacova, Ivan H. Tuf & Oldfich
Nedvéd (2010): Spolecenstvo ¢lenovcl (Arthropoda) zimujicich na jedli bélokoré (Abies alba)
na Vala$sku (okr. Vsetin, Ceskd republika) (Assemblage of overwintering arthropods on white
fir (Abies alba) in the Moravian Wallachia region (West Carpathians, Czech Republic)). — Cas.
Slez. Muz. Opava (A), 59: 217-232.

Vzhledem k tomu, Ze pfi pridzkumu spolecenstva strevlikovitych pomoci zemnich pasti
v pfirodé blizkych lesich v ptirodnich rezervacich (SpiTzer et al. 2007) nebyly takrka vibec
zastizeny malé druhy strevlikll a arborikolni stfevlici (cf. ANDERSEN 1995; HURKA 1996),
pristoupili jsme k pouziti metody sledovani bezobratlych individualnim sbérem zimujicich
bezobratlych pod Supinkami klry na kmenech stojicich jedli; tj. druhu stromu, ktery je
prirozenou slozkou jedlobucin stfednich poloh dle ZLATNiKA (1954) a ktery v soucasnosti mizi
ze zastoupeni i v ptirodnich rezervacich (LEIBUNDGUT 1990; SCHERZINGER 1996). Sbér materidlu
spocival v opatrném fyzickém odstrafiovani odchlipujicich se Supinek borky jedle a ve
vizudlnim vyhledavani a sbéru prezimujicich ¢lenovcli pomoci exhaustoru ve vysce napojeni
posledniho korenového nabéhu (kvili eliminaci ¢asti kmene se zvySenou vihkosti pochazejici
ze snéhu a listového opadu) do vysky kmene 150 cm. Vybirani byli jedinci jedle bélokoré o
obvodu v prsni vySce nad 1 m, kde jiz dochazi k samovolnému lokalnimu uvolfovani Supin
svrchnich vrstev borky.

Zaméfili jsme se na srovnani fauny samostatné stojicich strom(, strom{ polozastinénych
v ekotonech svétlin a pasek a dale strom( zastinénych v zapojeném porostu. Ziskany
materidl vSech skupin byl uréen a vyhodnocen. Celkem bylo na 77 stromech zaznamendano
2079 jedincd clenovcl. Na druhovou udroven bylo identifikovano 1923 exemplari
pfislusejicich k 61 druhiim. DalSich 156 exemplail nebylo mozZno identifikovat na druhovou
uroven (jednalo se o nedeterminovatelnd vyvojova stadia ¢i determinacné obtizné skupiny).
Pfevdiné se vzhledem k lokaci vyzkumnych ploch uvnitf rozsahlych lesnich porostd
vyskytovaly druhy vyloZené lesni. Pfesto byly nalezeny i druhy vdzané na otevienou krajinu,
pripadné na nahradni biotopy , jako jsou aleje Ci parky (SELYEMOVA et al. 2007, HORKA 1996).
Nejbohatsi zimujici spoleCenstva byla zjisténa na stromech uvnitf porostu, o néco chudsi
kvantitativné i kvalitativné byla spolecenstva na stromech na okraji porostu (zde byla vétSina
jedincy nalezena zejména na polooslunéné strané kmene obracené smeérem dovnitt
porostu). Podobné v ptipadé, Ze byla ponechana vétsi skupina jedli, byli jedinci nachazeni
prevazné na strané obracené do stfedu skupinky. Velmi malo jedincd vSech skupin ¢lenovci
bylo nalézdno na ponechanych solitérnich vystavcich na pasekach. Zna¢né se zde totiz méni
mikroklima pod Supinkami kary, které vysychaji, ndsledné se samovolné odlupuji a
neposkytuji tak zimujicim ¢lenovcim dostatec¢nou ochranu pred vnéjSimi nepfiznivymi vlivy
pocasi a predatory (KRiSTEK & URBAN 2004).
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V pripadé skupiny strevlikovitych bylo determinovano pét druhd, vSechny patfici mezi
druhy, které neziji epigeickym zpUsobem Zivota. VSechny druhy jsou HURkou et al. (1996)
klasifikovany v kategorii A. Ve dvou pfipadech se navic jednalo o druhy, které jsou HORKOU et
al. (1996) klasifikovany jako adaptabilni druhy s vazbou na stromy pobliz vodoteci (STANOVSKY
& PULPAN 2006). Oba dva arborikolni druhy byly zjistény vyhradné na oslunénych stromech ¢i
na stromech rostoucich v ekotonu lesa v polostinu. Jejich vyskyt v ramci uzavienych les
narusenych jen pasekami a prfirozenymi svétlinami a koryt potok( podporuje teorii o
dlouhodobé existenci narusenych a polootevienych lesl ve stfednich polohdch. Ani jeden
z téchto druhl nebyl zjistén metodou sbéru zemnimi pastmi v obdobnych biotopech (SpiTzer
et al. 2007).
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Spolecenstvo ¢lenovci (Arthropoda) zimujicich na jedli bélokoré
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Assemblage of overwintering arthropods on white fir (4bies alba) in the Moravian Wallachia region
(West Carpathians, Czech Republic). — Cas. Slez. Muz. Opava (A), 59: 217-232, 2010.

Abstract: Assemblage of arthropods overwintering under bark scales of the white fir in the Moravian
Wallachia region (West Carpathians, Moravia, Czech Republic) is described. We monitored
altogether 77 full grown tree individuals in 12 localities and altogether collected 2079 individuals of
arthropods. Part of them, 1923 individuals were belonging to 61 species of arthropods, remaining 156
individuals were not identified to the species level. The most represented groups were beetles, namely
the fungus weevil Brachytarsus nebulosus and the ladybird Aphidecta obliterata. Ground beetles of
the genus Dromius were also abundant. Findings of locally distributed ground beetles Dromius
angustus, D. quadraticollis, longhorn beetle Pogonocherus ovatus and Sphaeriestes aeratus were
interesting from the faunistic point of view. Dominant species among true bugs were Gastrodes
abietum and G. grossipes. Dominant spider species were Segestria senoculata and Diaea dorsata;
findings of Centromerus brevivulvatus and Moebelia penicillata were remarkable. Exceptional was
also centipede fauna including relict species Lithobius borealis and L. pelidnus and snakefly Inocellia
crassicornis. Arthropod assemblages were surprisingly rich and show common use of fir bark for
living and overwintering. The proportion of white fir should thus be increased in natural and semi-
natural woodland. This could be done by replacement of clear cutting by selective cutting methods
whit accent to natural rejuvenation of white fir seedlings.

Keywords: faunistics, endangered species, Abies alba, Araneae, Coleoptera, Heteroptera, Chilopoda,
Raphidioptera, eastern Moravia.

Uvod

Pfezimovani bezobratlych zivocichl patii mezi Casto studovand témata. Strategii, jak piezit
nepiiznivé podminky mimo vegetacni sezonu, je celd fada (cf. Nedvéd 2000). Mezi Casto
zminované strategie patii migrace na vétsi (napt. u motyla Danaus plexippus (Linnaeus,
1758) (Gibo 1981)) ¢i mensi vzdalenost (napt. u slunécka Harmonia axyridis (Pallas, 1773)
(Nalepa et al. 2000)). Dalsi variantou je vyhledani ukrytu pfimo v misté nebo pobliz biotopu
vyvoje druhu. Zimujici Zivocich je zde nucen branit se nebezpeci thynu vystavenim kriticky
nizkym teplotam, které nedokaze pokryt zvySenym zastoupenim protimrazovych substanci
v hemolymf€ (Nedvéd 2000; Prinzing 2001). Pokud je pokles teploty pod letalni hladinu
nepravdépodobny, je obvyklou strategii zimovani na otevienych, vnéjSim klimatickym
podminkam exponovanych mistech, pfikladem mohou byt slunécka (Coleoptera:
Coccinellidae). V podhorskych podminkach vSak hrozi ndhodné extrémni vykyvy teplot,
Casto bez pfitomnosti ochranné sn¢hové pokryvky. Bezobratli pak casto voli strategii
zimovani v ukrytech, napt. v pid¢, v listovém a trouchnivéjicim opadu ¢i pod klirou Zivych
stromt (cf. Stary et al. 1987). Strategiemi prezimujicich broukt a jejich preferencemi pro typ
ukrytu se zabyval Pavel (2009). Podle studie spolecenstev hmyzu zimujiciho pod kiirou
riznych druhli stroml jsou pro zimujici bezobratlé idedlni stromy s rozpukanou borkou
odhalujici pristup k vnitinim vrstvdm borky (Pavel 2007), kde se da ptedpokladat nejvyssi a
nejstabilnéjsi teplota a vlhkost (Prinzing 2003a). Toto je typické napt. pro starsi jedince jilmu
horského (Ulmus glabra), jedle belokoré (Abies alba) nebo javoru klenu (Acer
pseudoplatanus). Naopak buk lesni (Fagus sylvatica) charakterem své borky nenabizi
dostatecné mmnozstvi vhodnych ukrytd. Zimujici jedinci mohou patfit k fytofaglim
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specializovanym na dany druh stromu ¢i k indiferentnim druhGim, které vyhledavaji tkryt
pouze podle jeho kvality a vhodnosti (Prinzing 2003b), ne podle druhové ptislusnosti stromu.
Ukryty nemusi byt obsazeny pouze zimujicimi bezobratlymi ve stavu hibernace, ale mohou
byt vzhledem ke stabilni teploté vyuzivany i jako lovisté pro Zivocichy, ktefi jsou schopni
aktivity 1 za teplot blizkych bodu mrazu, napi. larvy dlouhosijek (Raphidioptera) ¢i pateticka
(Coleoptera: Cantharidae) (Hurka & Cepicka 1978).

V piirozenych lesich stfednich poloh Valasska v minulosti prevladaly jedlobuciny
s ptiméesi smrku, javoru a dal$ich dfevin (Vrska 1998; Pavelka & Trezner 2001; Vrska et al.
2001). Vzhledem k tomu, ze javor klen i jilm horsky dosahuji v podhorskych oblastech
obvykle marginalniho zastoupeni v porostech (Zlatnik & Zvorykin 1935), koncentruji se
zimujici jedinci na zbyvajicich druzich stromi, zejména na jehlinanech. Borka smrki
zlstava po cely dospély Zivot stromu v zasad¢ podobna a nabizi jen velmi malé ukryty bez
moznosti proniknout do jejich hlubSich vrstev. Borka jedli je charakteristickd lehce se
odlupujicimi nejsvrchnéj$imi vétsimi Supinami kiry, které umoznuji bezobratlym sledovat pfi
hledani zimovisté hloubéji uloZzené praskliny az k nepromrzajici vrstvé tésné pftiléhajici k
sekundarnim meristémiim (Kftistek & Urban 2004).

Borka jedli se vsak srostoucim vékem a pozici stromu v porostu a v souvislosti
s holosecnym hospodatrenim vyrazné¢ méni (Pfihoda 1959). Pokud je strom ponechan solitérné
jako tzv. vystavek ¢€i na hranici porostu, byva pravidelné¢ vystaven vyraznym zméndm
vnéjSich klimatickych podminek a Casto trpi tzv. korni spalou (velikost odlupujicich se Supin
borky se zvétSuje, snizuje se 1 jejich pfilnavost k hlub§im vrstvdm borky). Toto vede
k poruseni stabilniho vlhkostné-teplotniho prostfedi v hlubSich vrstvach borky (cf. Jancatik
2004).

Jedle bélokora (Abies alba) patii mezi nejvyrazné€ji ubyvajici dieviny v lesich stfedni
Evropy (Chmelat 1958). V porovnani s pfirozenym stavem doslo k fadovému poklesu jejiho
zastoupeni v komercnich lesich (Tkacikova & Tkacik 2005; Vrska et al. 2009). V minulosti
doslo k vyraznym zméndm v proporé¢nim zastoupeni jednotlivych dievin. V poloving 18.
stoleti doslo v dusledku lesni pastvy ke snizeni podilu buku lesniho (z pfirozené¢ho podilu
66 % na 25 %) a k vyraznému naruastu zastoupeni jedle bélokoré (z ptirozeného podilu 15 %
az na 63 %). Ostatni vzacnéj$i dfeviny si udrzely stabilni podily v jednotkdch procent. Smrk
se stidle vyskytoval jen vnejvySSich polohach. Jednotné hospodafeni vedouci
k monokulturnim smr¢indm na konci 20. stoleti vedlo naopak k silnému potlaceni zastoupeni
jedle az k nepatrnym 3 % (Pavelka & Trezner 2001). Kolisani zastoupeni jednotlivych druht
stromt v porostech ponechanych ptirozenému vyvoji je také zndmé, déno je to i takika
dvojnasobnou dobou doziti jedle v porovnani s bukem. V dlouhodobém horizontu vede i
vzhledem k nedostatecnym rozloham ptirozenych lesii k poklesu zastoupeni jedli (Leibundgut
1990; Scherzinger 1996). Jedle diive pravdépodobné nejlépe zmlazovala pii pomistnich
vétrnych polomech & sesuvech, kdy doglo k aste¢nému otevieni porostu (Samonil et al.
2009). Dnesni nizké zastoupeni jedle je zplisobeno jednak absenci téchto ptirozenych svétlin,
které¢ jsou zdhy zalesnény, jednak faktem, Ze jedle nepatii mezi zddané dieviny z hlediska
potieb dievaiského primyslu a neni tak Casto vysazovadna a ziejmé i absenci lesni pastvy
skotu a prasat. Negativné se na zastoupeni jedle vzhledem k jeji nizsi rezistenci na znecisténi
ovzdusi projevil i rozmach t&Zkého primyslu na velkém tuzemi Ceské republiky,
v podminkach Valasska zejména na Ostravsku (cf. Tkacikova & Tkacik 2005). V kombinaci
s dalsSimi faktory, s potlaCenym pfirozenym zmlazenim jedle tlakem zvéfe a nevhodnym
svételnym podminkdm v kefovém patru lesa zptisobenymi lesnickou preferenci stejnoveékych
porostd doslo v mnoha oblastech az k vymizeni jedle zlesnich porostli. Proces snizovani
zastoupeni prob¢hl intenzivnéji v komercnich lesich, nevyhnul se vSak ani pfirod¢ blizkym
lestim v rezervacich (Vyskot 1968; Batelka 1979; Vrska et al. 2001).
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V tomto prispévku piind§ime poznatky o druzich ¢lenovci zjisténych pod borkou jedle
bélokoré a zhodnocenti jejiho vyznamu pro zimujici spolecenstva.

Material a Metodika

Studovana oblast

Material byl sbiran ve stfednich nadmotskych vyskach (350-700 m n. m.) byvalého okresu Vsetin. Jde
0 navzajem propojeny komplex lesnaté pahorkatiny v povodi feky Vsetinské Becvy tvoreny hiebeny Javornikd,
Hostynsko-Vizovickych a Vsetinskych vrcht. Pahorkatina je tvofena bohatou mozaikou luk, pastvin a lest.
Podil lest dosahuje cca 55 % tzemi. V lesnich porostech dominuje smrk (Picea abies), cca 25 % zaujimaji
listnaté lesy s prevladajicim bukem lesnim (Fagus sylvatica), ktery je doprovazen minoritnim javorem klenem
(Acer pseudoplatanus) dosahujicim zastoupeni kolem 1 % a jedli bélokorou (A4bies alba) s cca 3% zastoupenim
(Pavelka & Trezner 2001). Geomorfologicky oblast spada do Hostynsko-vsetinské hornatiny a severniho
vybézku Vizovické vrchoviny (Czudek 1972). Nejvyssi horou je Velky Javornik (1071 m n. m.), jehoz vrchol
lezi na slovenské stran¢ pohoii. Geologicky podklad tvoti komplexy slepence, jilovitych piskovci magurského
flySe a dalSich prevazné kvartérnich usazenin zlinského souvrstvi racanské jednotky (Pavelka & Trezner 2001).
Dle Quitta (1971) lezi vyssi polohy Vsetinského bioregionu v chladnych klimatickych regionech CH6 a CH7.
Podnebi je teplejsi a sus$si nez vseverngji polozenych castech Moravskoslezskych Beskyd (oblast lezi
v ¢asteCném srazkovém stinu Hostynské vrchoviny, ma tak kontinentalnéjsi charakter). Primérna teplota klesa
s narGstajici nadmoiskou vyskou z 8,0 °C (Vsetin) na 5,0 °C na horskych hibetech. Primérny ro¢ni tthrn srazek
nartista na vyskovém gradientu od 768 mm (Bystticka) po 1100 mm (horské hibety) (Culek 1996).

Sbér dat

Zimujici ¢lenovcei byli sbirani od prosince 2007 do biezna 2008. Celkem byli ¢lenovci sebrani ze 77
jedinct jedle bélokoré na 12 lokalitach béhem osmi navstév (Tab. 1).

Sbér materidlu spocival v opatrném fyzickém odstranovani odchlipujicich se Supinek borky jedle a ve
vizudlnim vyhledavani a sbéru pfezimujicich ¢lenoveli pomoci exhaustoru ve vySce napojeni posledniho
kotenového nabéhu (kvili eliminaci ¢asti kmene se zvySenou vlhkosti pochazejici ze sn¢hu a listového opadu)
do vysky kmene 150 cm. Vybirani byli jedinci jedle bélokoré o obvodu v prsni vySce nad 1 m, kde jiz dochazi
k samovolnému lokalnimu uvoliovani Supin svrchnich vrstev borky.

Cilové skupiny ¢lenoveid

Determinace byla zaméfena na nejcastéji se vyskytujici skupiny ¢lenovci (Coleoptera, Raphidioptera,
Heteroptera, Araneac a Chilopoda — dale v textu uvadéno v tomto poradi), sbirani byli ale i zastupci dalSich
(druhovou) taxonomickou uroveil a reprezentativni vzorek je ulozen ve sbirce Muzea regionu Valassko (Vsetin).

Nomenklatura byla pfevzata z nasledujicich praci a material jednotlivych skupin ur¢ili: Coleoptera —
Hutrka (1996), Jelinek (1993), Benedikt (2010) (Carabidae: L. Spitzer det.; Coccinellidae: O. Nedvéd det.;
Curculionidae, Chrysomelidae: P. Boza det.; Latridiidae: P. Priidek det.; ¢ast Salpingidae: J. Ch. Vavra det.;
ostatni skupiny: O. Konvicka det.); Heteroptera — Aukema & Rieger 1996, 1999, 2001 (M. Rohacova det.);
Araneae — Platnick (2010) (R. Tropek det.); Chilopoda — Barber (2009) (I. H. Tuf det.), Raphidioptera — Aspock
et al. (2001) (O. Pultar det.), Thysanoptera — Kratochvil (1957) (O. Nedvéd det.).

Prezentace faunistickych dat

Pro identifikaci lokalit (Tab. 1) bylo uzito ¢lenéni faunistickych ¢tverct dle Zeleného (1972), pficemz
pro ucely podrobngj§itho zmapovani charakteru vyskytu byly tyto jednotlivé ctverce rozd€leny na dalsi 4
~podctverce®, a ty oznaCeny pismeny a (severozapadni), b (severovychodni), ¢ (jihozapadni), d (jihovychodni).
Presna prislusnost k danému pod¢tverci byla ovéfovana na zakladé GPS soufadnic (zdroj http://www.mapy.cz)
pomoci webového nastroje (http://www.biolib.cz/cz/toolKFME/).

Celkem bylo sbirano na 12 lokalitach (viz Tab. 1). Material ziskany na vSech stromech na jednotlivych
lokalitach je prezentovan v sumarizované podobé v Tab. 2 a 3.

V textu jsou uzity nasledujici zkratky a pojmy: det. = uréil, ex. = exemplai(e), NPR = Narodni pfirodni
rezervace, observ. = pozorovano, nepubl. data = nepublikovana data.
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Tab. 1. Pfehled zkoumanych lokalit, data sbéru a pfislusnosti k faunistickému kvadratu. Uveden je i pocet
osnimkovanych stromt, véetné primérného obvodu stromu v cm a jeho smérodatné odchylky (SD). Dale je
uveden pocet zaznamenanych druht a jedinct ¢lenovet (X spp. / X ex.) a ocekavany pocet druhti a jedinci
Clenovet (T spp. / X ex.) pti daném poctu osnimkovanych stromti.

Tab. 1. Overview of localities studied, dates of sampling (Datum sbéru) and faunistic grid cell classification
(Faun. ¢tverec). Number of sampled trees (X stromitl), their average circumference in cm (Priimérny obvod)
including standard deviation (SD). Number of collected arthropod species and individuals (Zaznamenana X
spp. / X ex.) per locality and number of expected arthropod species and individuals (O¢ekavana X spp. / X
ex.) according to the number of trees sampled.

Lokalita Datum sbéru E*‘ aun. X . (I:ll;il::iérny Zaznamenana Oc¢ekavana
étverec  stromul (cm) £ SD Y spp./ X ex. X spp./Xex.

Vsetin-Becevna 22.12.2007 6673d 13 160 + 45 24 /187 30/260
Vsetin-Cervenka 23.12.2007 6674c 13 176 £ 25 24/162 30/260
Rizd’ka-Dusna 21.1.2008 6674a 9 137 £42 23/98 25/196
Vsetin-Poschla 4.2.2008 6673b 6 112+ 16 30/ 149 21/143
Huslenky-Kychova 11.2.2008 6774b 10 212 +£20 277279 27/213
Huslenky-Papajské sedlo  25.2.2008 6775a 9 124 £ 15 32 /401 257196
Jarcova 28.2.2008 6573d 5 162 +23 16 /111 20/125
Briiov-Brdo 29.2.2008 6573d 5 126 + 14 26/318 20/ 125
Mala Lhota 29.2.2008 6574c 1 144 10/39 10/36
Velka Lhota-Paseky 29.2.2008 6574c 2 148 £ 17 22/97 14 /61
Velka Lhota-U Prehrady  5.3.2008 6574c 3 12517 13/62 16/ 84
Valasska Bystfice 5.3.2008 6574d 1 160 7/20 10/ 36

Popis zkoumanych lokalit

Vsetin-Becevna: jedlobukovy porost s pfimiSenym smrkem, staii kolem 100 let. Zkoumané stromy na otevieném
prostoru na hirebeni byly pfevazné ve Spatném stavu, s proschlou korunou a intenzivné napadené jmelim. Stromy
v zapojeném porostu nize pod hiebenem na vychodnim svahu smérem k fece Be¢vé byly mladsiho véku, vitalni,
s velkymi, lehce se odlupujicimi Supinami kury. V okoli lokality se nachazeji velké mladé vysazené
monokultury smrku, na které navazuje intravilan mistni ¢asti Rokytnice mésta Vsetina. Naopak cely svah nad
fekou Becvou je na ploSe nékolika desitek hektart tvofen zachovalym, starym smiSenym lesem.

Vsetin-Cervenka: smiSeny porost, staii 80—100 let (v soucasnosti jiz vykacen). Zastoupeni buku lesniho
dosahovalo 50 %, zastoupeni smrku a jedle bylo vyrovnané na 25%. Porost se nachazel na jiznim svahu,
obklopen byl nesecenou lesni loukou a mladymi lesy pfirozeného zmlazeni buku a smrkovych vysadeb.
Osnimkovany byly stromy v ekotonu lesa a louky, v zapojeném porostu i solitéry ponechané na rok star¢ pasece.
Stromy byly pfevazné vitdlni, osnimkovany byly i dva prosychajici stromy. Stfedem lokality protékd potok
Cervenka, ktery pti zvysené hlading zaplavoval paty nékterych osnimkovanych strom.

Riizdka-Dusna: piiblizné 100 let stary bukovy porost s vzacné pfimiSenou jedli, smrkem a tfeSni ptaci.
Osnimkovany byly stromy v ekotonu lesa a louky, v zapojeném porostu i solitéry ponechané na rok staré pasece.
Vsechny zkoumané stromy byly vitalni. Okoli lokality je z poloviny tvofeno tradi¢ni zemédé€lskou krajinou se
sady, pastvinami a remizky, druhou polovinu tvoii zachovalé staré listnaté lesy obdobné jako na zkoumané
lokalité.

Vsetin-Poschla: jedna se o rozsahly pievazné jehlicnaty les, 60—70 let stary, s dominanci smrku, zhruba 20%
zastoupenim jedle a 10% zastoupenim buku. Jedinci jedle dosahovali stafi zhruba 100 let, byli v dobrém
zdravotnim stavu. Lokalita je rozdélena na porost o malé rozloze na severnim svahu tésné nad fekou Be¢vou a na
porost v tésném okoli byvalého lomu. Osnimkovany byly stromy v ekotonu lomu (¢asté zastoupeni pionyrskych
dtevin, napf. btizy bélokoré) a stromy v zapojeném mladSim porostu bez zmlazeni a kefového patra.

Huslenky-Kychova: jedna se o 120 let stary jedlobukovy porost v koryté potoka se strmymi svahy s navazujici
jednoletou pasekou s ponechanymi vystavky jedle na jiznim svahu. Osnimkovany byly vSechny typy pozice
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stromu (solitér, ekoton s pasekou i zapojeny porost). V lesnim porostu bylo velmi bohaté zmlazeni vSech druht
pfitomnych dievin. Cast stromi je pii zvysené hladiné pravidelné zaplavovana blizkym potokem.

Huslenky-Papajské sedlo: jedna se o 100 let stary zapojeny jedlobukovy porost s malymi svétlinami a pasekami
(o rozloze maximalné nékolik art). Porost je lokalizovan na prudkém jiznim svahu. Osnimkované stromy byly
vitalni a rostly pfevazné v zapojeném porostu s bohatym zmlazenim v§ech druht pfitomnych dievin.

Jarcova: jedna se o izolovany 100 let stary lesni porost o rozloze cca 1 ha obklopeny z¢asti mladymi vysadbami
a zahradkami se sady. Porost je z 90 % jehli¢naty s vyraznou pievahou smrku nad jedli a modiinem. Listnaté
dreviny nedosahuji ani 10 %. Porost je lokalizovan na severnim svahu. Osnimkovany byly pfevazné prosychajici
stromy v zapojeném porostu.

Briiov-Brdo: jedna se o sedmdesatilety prfevazné jehlicnaty porost, ktery je momentalné tézen a délen na paseky
clonnou seci. Porost je lokalizovan ve vrcholové ¢asti kopce Brdo, s pfevazné zapadni orientaci. Osnimkovany
byly stromy v ekotonu s Cerstvymi pasekami a stromy v zapojeném lese. Stromy byly v dobrém zdravotnim
stavu. Lokalita se nachazi uprostied vétsiho komplexu lesa obdobného charakteru.

Mala Lhota: jedna se o stolety porost na severnim svahu tésné¢ pod hfebenem. Tvofen je zakrslym a postupné
odumirajicim jedlobukovym porostem s pfimiSenym smrkem. Vlivem nepfiznivych klimatickych podminek je
porost otevieny, s nizkym korunovym zapojem. Osnimkovan byl jeden prosychajici strom. Z jedné strany je
obklopen kulturnimi loukami, na druhé strané se nachazi mladé vysadby, pfevazné ¢ist¢ smrkového charakteru.

Velkda Lhota-Paseky: jedna se o zhruba 50lety Cisté jehlicnaty porost s pfevahou smrku. Porost zabird plochu
zhruba 0,5 hektaru na vrcholu kopce. Obklopen je kulturnimi smréinami z 33 %, zbylou casti pfiléha ke
kulturnim loukdm. Osnimkovany byly dva vitalni stromy v zapojeném porostu velmi hustého mladého
smrkového podrostu.

Velka Lhota-U Prehrady: snimkovany byly stromy v hlubokém koryté potoka. Porost byl pfevazné jehli¢naty
s ptevahou smrku a pfimiSenym javorem klenem. Stromy jedle dosahovaly stafi minimalné 80 let. Lesni porost
se nachazel v koryté potoka tekouciho jihozdpadnim smérem, takika ze vSech stran byl obklopen zahradkami,
loukami a chatami. Osnimkovany byly stromy s periodicky zaplavovanou patou stromu v dobrém zdravotnim
stavu.

Valasska Bystrice: osnimkovan byl jeden asi 60 let stary jedinec v mladém smiseném lese vzniklém
pravdépodobné prirozené na louce ponechané ladem. Les vykazoval nizky zapoj a stromy vysoké zavétveni az
na zem, které spolu s masivnim zmlazenim vSech druhl dfevin zastiiovalo povrch kmene. Lesni porost je
obklopen prevazné neudrzovanymi lesy vzniklymi piirozené sukcesi opusténych ploch ¢i vzrostlymi komerénimi
jedlobukovymi lesy.

Vysledky

Celkem bylo na 77 stromech zaznamendno 2079 jedinct ¢lenovcii. Na druhovou urovei bylo
identifikovano 1923 exemplaia piislusejicich k 61 druhiim (viz Tab. 2). DalSich 156
exemplaiti nebylo mozno identifikovat na druhovou troven (jednalo se o nedeterminovatelna
vyvojova stadia ¢i determinacné obtizné skupiny, viz Tab. 3).

Nejpocetn€ji byli zastoupeni brouci (Coleoptera) 28 druhd / 1179 jedinct, déle
plostice (Heteroptera) 11 druhti / 304 jedincti, dlouhosijky (larvy) (Raphidioptera) 6 druhi /
199 jedinct, pavouci (Araneae) 12 druht / 133 jedincti, stonozky (Chilopoda) 2 druhy / 52
jedinct, tiasnénky (Thysanoptera) 1 druh / 53 jedinci. Skvofi (Dermaptera) byly zastoupeni
1 druhem / 1 jedincem.

Priimérné bylo zaznamenano 21,2 druhi (SD = 7,9) na lokalitu. Druhové 1 pocetné
nejbohatsi byla lokalita Huslenky-Papajské sedlo (32 druhti) a Vsetin-Poschla (30 druht).
Druhové nejchudsi byla dvojice lokalit Mald Lhota a Valasska Bystfice (zde byl ovSem vzdy
osnimkovan pouze jeden strom). Pocet druhti a pocet jedinct rostly s po¢tem osnimkovanych
stromi na jedné lokalité podle mocninné funkce (y = 10,09.x**', R* = 0,67; y = 36,03.x"""",
R? = 0,65). O¢ekavany pocet druhii a jedinci na jednotlivych lokalitach podle t&chto rovnic a
piislusného poctu osnimkovanych stromt na jednotlivych lokalitdch je uveden v Tab 1.
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Mezi brouky (Coleoptera) dominovaly druhy Brachytarsus nebulosus (Anthribidae),
551 ex.; Aphidecta obliterata (Coccinellidae), 216 ex.; Rhynchaenus fagi (Curculionidae), 64
ex.; Dromius fenestratus (Carabidae), 59 ex.; Pogonocherus ovatus (Cerambycidae), 54 ex.; a
Dromius agilis (Carabidae), 46 ex. Ve vétSich poctech byli rovnéz zjisténi zastupce Celedi
Latridiidae, konkrétné Corticarina similata, 33 ex.; Corticaria longicornis, 31 ex.; a Enicmus
rugosus, 27 ex. Mezi nejzajimavéjsi ndlezy patiili brouci druhG Dromius quadraticollis,
Dromius angustus, Sphaeriestes aeratus a Tetratoma ancora.

Mezi plosticemi (Heteroptera) dominovali zéstupci ¢eledi Rhyparochromidae, zejména
Gastrodes abietum, 130 ex., a Gastrodes grossipes, 107 ex., oba vdzané na $iSky jehli¢nana
(Wachmann et al. 2007). Dalsi druhy plostic se vyskytovaly spiSe vzacné a jejich pocetnosti
dosahovaly maximaln¢ 25 jedincti u druhu Pinalitus atomarius (Miridae).

Z pavoukll (Araneae) dominovaly zjisténému druhovému spektru tii druhy: Segestria
senoculata (Segestriidae), 51 ex.; Diaea dorsata (Thomisidae), 39 ex., a Moebelia penicillata
(Linyphiidae), 20 ex. Dalsi druhy byly zjistény jen vzacné a ojedinéle. Zajimavy byl nalez
jednoho exemplate druhu Centromerus brevivulvatus (Linyphiidae).

Ttida stonozek (Chilopoda) byla zastoupena dvéma druhy celedi Lithobiidae, oba dva
v relativné vyrovnanych abundancich: Lithobius pelidnus, 23 ex. a Lithobius borealis, 27 ex.

Rad dlouhosijek (Raphidioptera) byl reprezentovan tiemi hojnymi druhy: Inocellia
crassicornis, 83 ex., Raphidia ophiopsis, 64 ex. a Phaeostigma notata, 35 ex. Dalsi tfi druhy
byly nalézény vzacné ¢i ojedinéle.

Komentare k vybranym druhtiim
BROUCI (COLEOPTERA)

Ampedus erythrogonus: vyskytuje se od pahorkatin do horského pasma v lesich rizného
slozeni po celém uzemi CR, jedna se o fid&eji nalézany druh (Laibner 2000). Vyvojem
vazany na odumfielé rozkladajici se dievo jehlicnatych dievin (O. Konvicka, observ.).
V ramci studie nalezen na Ctytrech lokalitach.

Aphidecta obliterata: je hojné slunécko vazané na jehli¢naté stromy, potravni specialista na
mSice korovnice ¢eledi Adelgidae (Pschorn-Walcher & Zwdélfer 2009). Na Pol'ané na
Slovensku ve smrkovém lese nejhojnéjsi slunécko (50 % jedinctli), s optimem vyskytu
v nadmoftské vysce kolem 900 m (Selyemova et al. 2007).

Dromius angustus: v oblasti nehojny a lokéalni druh preferujici jehlicnaté stromy (Stanovsky
& Pulpan 2006). V ramci studie byl druh nalezen jen na dvou lokalitach (Tab. 2).
V porovnani s dal§imi zjiSténymi zastupci rodu Dromius se jednalo o nejvzacnéjsi druh,
byli nalezeni pouze 2 jedinci. Bohac (2005) povazuje tento druh za zéstupce spolecenstva
biotopli siln¢ ovlivnénych nebo vytvorenych clovékem (aleje). Druh ovSem zije
prokazatelné 1 v bézné piirod¢, vykazuje zde podle naSeho zjisténi tendenci pro stromy
s oslunénou patou kmene. V nasem ptipad¢ byli jedinci D. angustus zjisténi na solitérnim
stromu ponechaném na pasece a na oslunéném stromu na okraji paseky. Hlrka et al.
(1996) ho tadi mezi druhy adaptabilni.

Dromius quadraticollis: podobné jako ptredchdzejici druh se v oblasti vyskytuje pouze
preferuje stanovistn¢ plivodni stromy (olSe, smrky, javor klen) (Stanovsky & Pulpan
2006). V ramci studie byl druh nalezen na tiech lokalitach (Tab. 2), vzdy pobliz potoka
uvnitf porostu, ve dvou piipadech piimo na stromech s periodicky zaplavovanou patou
kmene. Naopak Boha¢ (2005) druh hodnoti jako druh biotoptli siln€¢ ovlivnénych nebo
vytvofenych ¢lovékem (aleje). Nase zjiSténi ukazuji na SirSi ekologickou valenci druhu.
Hirka et al. (1996) ho fadi mezi druhy adaptabilni.
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Orchesia undulata: v ramci CR se jedna o relativné b&zny druh, ktery se vyviji v odumfielych,
dfevokaznymi houbami porostlych vétvich a kmenech. Vyskytuje se tedy spise
v zachovalej$Sim prostfedi. V rdmci studie byl nalezen na jedné lokalité¢ (Vsetin-
Cervenka), na prosychajicim strom& uvnité porostu s velkymi, dobfe odstranitelnymi
Supinami kiliry. Z Gizemi okresu Vsetin dosud nezndmy druh.

Pogonocherus ovatus: v ramci CR nehojny tesatik, ktery je svym vyvojem vazan piredeviim
na jedli (Sldma 1998). V oblasti Valasska a Beskyd se druh vyskytuje stale relativné hojné
(Szopa 2002; Konvicka 2005; Konvicka & Spitzer 2009). V ramci této studie byl nalezen
na deviti lokalitach. Nej€astéji se druh vyskytoval na polooslunénych stromech na krajich
porostu. Vyhybal se solitérnim, pln¢ oslunénym stromim (napft. vystavkiim ponechanym
na pasekach, trpicim korni spalou). Potencidlné je ohroZen hlavné ubytkem zastoupeni
jedle bé&lokoré v lesnich porostech (Konvicka & Spitzer 2009). V Cerveném seznamu
bezobratlych hodnocen jako téméf ohroZeny (Rejzek 2005).

Sphaeriestes aeratus: v ramci CR se jedna o vzacny a velmi zfidka nalézany druh. Z Moravy
byl nalez druhu publikovéan teprve neddvno (Véavra 2002). Dalsi lokality z okresu Vsetin
uvadi Konvicka (2010). Vavra (2002) uvadi nalezy pti smykani v interiéru a podél hrany
smrkového lesa. Konvicka (2010) nalezl témét vSechny jedince pii zimovani pod
V Cerveném seznamu bezobratlych hodnocen jako ohrozeny (Jelinek 2005). V rdmci
studie byl nalezen na jedné lokalitd (Vsetin-Cervenka), nalezen byl na prosychajicim
stromé na okraji porostu s malymi, §patn¢ odstranitelnymi Supinami kiry.

Tetratoma ancora: jedna se o vzacnéjsi a ziidka nalézany druh, ktery se vyskytuje na
odumirajicich vétvich a na nich rostoucich dievokaznych houbéach (Bocék et al. 1982) v
zachovalejsSich listnatych porostech. V drfevnich houbach také probihda vyvoj druhu.
Prestoze je v poslednich letech nalézéan castéji (Franc 2008), 1ze jej na zaklad¢ biotopové
preference oznacit za potencidlni bioindika¢ni druh. V rdmci studie nalezen na jedné
lokalit¢ (Vsetin-Poschld) na vitdlnim stromé s dobfe odstranitelnymi Supinami kiry, ktery
rostl na okraji porostu. Z uzemi okresu Vsetin dosud neznamy druh.

PLOSTICE (HETEROPTERA)

Dufouriellus ater: Siroce rozsifeny, avSak pouze lokéln€ nalézany dravy druh, ktery Zije pod
uvolnénou suchou borkou mrtvych strom. Byva nalézdn i1 v chodbach karovci
(Wachmann et al. 2006). V ramci této studie nalezen jediny kus na lokalit¢ Huslenky-
Kychova na solitérni prosychajici jedli ponechané na rok staré pasece.

PAVOUCI (ARANEAE)

Centromerus brevivulvatus: vzacné€ji nalézany druh lest niz§ich a stfednich poloh, ojedinéle i
otevienych stanovist, vyskytuje se vSak v kulturnich smr¢inadch. Na Moravé byl dosud
znam pouze z lesostepi a pastvin okoli Mohelna a Oslavan (cf. Buchar & Ruzicka 2002).
V ramci nasi studie byl zjiStén pouze jeden exemplaf na lokalit¢ Huslenky-Papajské sedlo.
Nalezen byl na zastinéném kmeni stromu uvnitf porostu s malymi, tésné piiléhajicimi a
Spatné odstranitelnymi Supinkami klry. V okolim porostu ptevazovala jedle bélokord a
buk lesni. Buchar & Riizicka (2002) ho tfadi mezi druhy piirozenych a poloptirozenych
stanovist’.

Moebelia penicillata: vzacnéji nalézany pavouk pievazné svétlych lesti, lesnich lemt a
polootevienych stanovist' (zahrady, aleje), zndmy je rovnéz z kulturnich smrkovych
monokultur (Buchar & Ruzicka 2002). My jsme jej zjistili v hojnéjsim poctu na péti
studovanych lokalitdich (Tab. 2). Buchar & Ruzicka (2002) jej tadi mezi druhy
piirozenych a polopfirozenych stanovist.
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STONOZKY (CHILOPODA)

Lithobius borealis: vzacné nalézana stonozka, u nds dosud zastizena napt. v Poodfi, v Polabi,
v Beskydech a v SV Cechach (Laska 2004). Nicméné historické nalezy jsou pomérné
pochybné, kviili komplikované taxonomické situaci s odliSenim od druhu L. lapidicola
Meinert, 1872 (Barber 2009). Druh stfedoevropsky, zasahujici od Stfedozemi do
Skandinavie. V ramci Ceské republiky povazovany za reliktni druh podhorskych a
horskych lesii (Tuf & Tufova 2008). V ramci tohoto priizkumu byl druh nalezen ojedinéle
na tfech lokalitdich a hojné¢ na jedné lokalit¢ (Huslenky-Papajské sedlo). Zjistén byl
vyvéazené na stromech uvnitf a na okraji porostu. Pouze jeden jedinec z celkem 27 jedinci
byl nalezen na solitérnim strom¢ na pasece. Na Vsetinsku dosud zastizen na vrchu Grun
(Folkmanova 1954).

Lithobius pelidnus: vzacnéji nalézana stonozka, u nas dosud ptevazné v pohranicnich
pohoftich, jako jsou Luzické hory, Jizerské hory, Krusné hory (I. H. Tuf, unpubl. data),
Labské piskovce, Rychlebské hory, Zofinsky prales, ale i jind extrémn&jsi stanovisté
Evropé, v ramci Ceské republiky povazovany za reliktni druh podhorskych a horskych
poloh (Tuf & Tufova 2008). V ramci tohoto prizkumu byl druh nalezen velmi vzacné na
Ctyfech lokalitdich a hojné na jedné lokalit¢ (Huslenky-Papajské sedlo). Zjistén byl
pfevazné na stromech uvnitf porostu, méné Casto na stromech na okraji porostu. Nebyl
zjiStén na solitérnim stromé na pasece. Druh nové doloZeny pro Vsetinsko.

DLOUHOSIJKY (RAPHIDIOPTERA)
Inocellia crassicornis: se udava jako nejvzacngj§i zdruht dlouhosijek v CR, jde o
eurosibifsky prvek, vyskytujici se na jehlicnanech ve stfednich polohach (Aspock 2002).
V nasi studii to byl nejhojnéjsi druh i pres celkové vyssi nadmotskou vysku lokalit.
Raphidia ophiopsis, druhy nejpocetnéjsi druh v naSich sbérech, zije pravé piredevSim
v jehli¢natych lesich (Aspock 2002).

Diskuse

Zjisténé spoleCenstvo bezobratlych zimujicich na jedli bélokoré bylo zna¢né bohaté. Jedle
bélokora nabizi svou strukturou kiry hojné ukryty rGzné velikosti a kvantity. Tento prostor je
vyuzivan velmi Sirokym spektrem zastupct nejriznéjSich skupin bezobratlych — pocinaje stonozkami
a mnohonozkami (Myriapoda), Stirky (Pseudoscorpionida), pavouky (Araneae) a kon¢e mnoha fady
hmyzu (Insecta). Na stromech zimovali nejCastéji zastupci broukd (Anthribidae, Carabidae,
Coccinellidae a Latridiidae). Velmi casto se vyskytovaly plostice (Heteroptera). Zastupce tfasnének
(Thysanoptera) Phlaeothrips coriaceus se na kiie a pod ni zdrZzuje celoro¢né. Hojni byli i zastupci
blanokfidlych (Hymenoptera) a dvoukfidlych (Diptera), ojedinéle se vyskytovali dospélci sitokiidlych
(Neuroptera), kiisi (Auchenorrhyncha) ¢i poSvatek (Plecoptera) nebo larvy dlouhosijek
(Raphidioptera).

Zhodnoceni druhové bohatosti lokalit

Pro ptesnéjsi vyhodnoceni druhové bohatosti na jednotlivych lokalitaich jsme odhadli
oc¢ekavanou druhovou diverzitu (Tab. 1) na zakladé celého souboru dat v zavislosti na poctu
osnimkovanych stromt. Druhové nejbohatsi byla dvojice lokalit Huslenky-Papajské sedlo a Vsetin-
Poschla, pti¢emz jejich druhova bohatost byla dokonce vyrazné vyssi, nez ¢inil odhad. Velky rozdil
mezi ofekavanou a zjisténou druhovou bohatosti byl zaznamenan i na lokalit¢ Velka Lhota-Paseky.
Ve vsech tfech ptipadech se jednalo o vékove a prostorove rozriznéné lesni porosty.

Porost na lokalit¢ Huslenky-Papajské sedlo se svou strukturou blizi ptirodni jedlobucing, cela
lokalita je zahrnuta v 1. zo6né¢ ochrany CHKO Beskydy. Tomu odpovida i lesni hospodaieni s diirazem
kladenym na maloplo$nou obnovu porostu a potlatenym holose¢nym hospodatfenim. Zjisténa vysoka
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druhova bohatost tohoto zachovalého, ptirodé blizkého porostu proto neni ptekvapiva (cf. Miiller et al.
2005). Na lokalit¢ Vsetin-Poschla se jedna o polopfirozené vzniklé porosty po opusténi tGzemi
pivodné naruseného téZbou kamene. Na lokalit¢ Velka Lhota-Paseky je vysokd mira rozriiznénosti
porostu dana ptirozenym zahusténim tidkého lesniho porostu. Bohata nabidka riznych mikrohabitatd
(rizné oslunénych starych a mladych stromt a ketidl) zde zajistuje preziti bohatého spolecenstva
Clenovcei (cf. Vodka et al. 2009). U ostatnich lokalit panovala bud’ shoda zjisténé druhové bohatosti
s oCekéavanou, ¢i zde bylo spektrum ¢lenoveti mirné chudsi oproti ocekdavanym hodnotam.

Struktura zimujiciho spolecenstva

Vétsina nalezenych druhti pod klirou pouze hibernovala, ¢asté byly vSak i1 nalezy ¢lenovcei,
kteti pod kiirou ziji trvale a druhd, které jsou schopny lovit i v zimnim obdobi za trvale snizené
teploty.

Z druhd trvale Zzijicich na povrchu kiry nebo v jejich prasklinach jsme zjistili tfasnénku
Phlaeothrips coriaceus, pestrokrovecnika Thanasimus formicarius, hladénku Dufouriellus ater a
podkornici rodu Aradus. Naproti tomu larvy pateticki rodu Cantharis patii spiSe mezi epigeické
predatory, zatoulavajici se ale i na stromy. Z dalSich druhd, jez na kufe a v jejich prasklinach ziji
celorocné, jsme zjistili hlavné larvy dlouhosijek a stonozky (Davidson 1930). Stonozky jsou ptitom
obvykle povazovany za skupinu, ktera obyva hlavné vrstvu opadu a jejich vazba na stromy je spiSe
fakultativni (cf. Larkin & Elbourn 1964; Thunes et al. 2004; Barber 2009). Jsou nicméné znamy
celoro¢ni potravni aktivitou (Paquin 2004). V zim¢& vyuzivaji stabilné bohatou potravni nabidku
nebranicich se pfezimujicich ¢lenovci, ale napf. i chvostoskokd, ktefi jsou aktivni i za sniZenych
teplot (Block & Zettel 2003). Podobné jsou na pirezimujicich bezobratlych zavisli i obratlovci,
zejména prezimujici ptaci (Veselovsky 2001).

Ze studovanych skupin ¢lenovcli pod klirou jedle zimovaly jak druhy typické pro lesni
prostiedi (napt. slunécko Aphidecta obliterata, kovatik Ampedus erythrogonus, cedivka Amaurobius
fenestralis i plostice Gastrodes abietum a G. grossipes), tak i druhy zijici spiSe v otevienych
biotopech, ¢asto v zemédélské krajin€ (napt. nosatec Anthonomus pomorum) (Hurka 2005).

Dospélci plostic Gastrodes abietum a G. grossipes byli v prib¢hu tohoto prizkumu nalézani
pod borkou jedli, ackoliv jedle neni jejich hlavni Zivnou rostlinou. Podle Wachmanna et al. (2007) se
oba tyto na jehli¢nany vazané druhy v prubéhu zimy zdrzuji v Siskach svych zivnych stromd, kde
mnohdy zimuji spolu s dospélci i nymfy, vyskyt pod Supinkami borky byl popisovan jako ojedinély.
Southwood & Leston (1959) naopak uvadéji, ze jakmile §iSky spadnou na zem, plosticky je opoustéji a
ukryvaji se pod borkou nejblizsich stromi. Zimovani pod borkou vSak pravdépodobné souvisi spiSe se
nevstupuje do diapauzy, rovnéz hibernace Gastrodes grossipes je nekompletni a v priab&hu mirné zimy
1ze pozorovat jedince lezouci po kmenech stromt (Stehlik & Vaviinova 1997). Dalsi dva abundantni
druhy plostic Orius minutus a Pinalitus atomarius patii k druhtim s vyraznou preferenci k jedlim,
pficemz stoupajici podil druhu P. atomarius v horskych polohdch vyplyvd pravé z autochtonniho
vyskytu jedle ve vysSich polohach (cf. Prinzing 2003a; Gossner 2005). Jedli jako primarni Zivnou
rostlinu klopusky P. atomarius potvrzuji ve své studii i Floren & Gogala (2002). Pfevahu v nami

listnacich a jedli vyuzivaji jen jako vhodny zimny tkryt.

Vyber mikrostanovisté k prezimovani

Nejbohatsi zimujici spoleCenstva byla zjiSténa na stromech uvnitt porostu, o néco chudsi
kvantitativné i kvalitativné byla spole¢enstva na stromech na okraji porostu (zde byla vétSina jedinct
nalezena zejména na polooslunéné strané¢ kmene obracené smérem dovniti porostu). Podobné
v ptipadé, Ze byla ponechana vEtsi skupina jedli, byli jedinci nachazeni pfevazné na strané obracené
do stfedu skupinky. Velmi malo jedinci vSech skupin ¢lenovcl bylo nalézano na ponechanych
solitérnich vystavcich na pasekach. Znac¢né se zde totiz méni mikroklima pod Supinkami kury, které
vysychaji, nasledn¢ se samovolné odlupuji a neposkytuji tak zimujicim ¢lenovcim dostate¢nou
ochranu pfed vnéjSimi nepfiznivymi vlivy pocasi a predatory (Ktistek & Urban 2004).

Spolecenstva se lisila i v ramci vySkového rozd€leni na kmeni stromu. Stievlici (Carabidae) a
stonozky (Chilopoda) vyhledavali hlavn& niZ§i partie kment. Casto zimovali hned nad kofenovymi
nabehy, kde byla vyrazné vyssi vlhkost nez v navazujicich ¢astech kmene. Naopak tesatik P. ovatus ¢i
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slunécko A. obliterata zimovali vzdy v sus$Sich a vysSich partiich kmene, podobné jako u plostic
(Heteroptera). Pavouci (Araneae) byli nalézani relativné stejnomérné po celém studovaném vyskovém
gradientu kmene.

Faunistické poznamky

Rozsiteni vétsiny broukti Valasska neni dosud pfili§ dobie prozkoumano. Piesto bylo z tizemi
publikovano nékolik ptispévk mapujicich hlavné celorepublikoveé nejprobadanéjsi skupiny broukl —
napi. Carabidae a Cerambycidae — ale i faunisticky mén¢ zkoumané celedi. Brabec (1997) uvadi
vyskyt druhu Dromius agilis vzacné z uzemi obce Vesela (6574), Dromius quadrimaculatus vzacné z
uzemi Kladerub (6473) a Dromius fenestratus vzacné z lokality Grapa u Horni Becvy (6576).
Vzacnost byla dana pravdépodobné pouzitou metodou monitoringu — zemnimi pastmi. Dal$i nami
zjisténé druhy stfevlikti uvadi vesmés z oblasti severni ¢asti Beskyd Stanovsky & Pulpan (2006).
Nejlépe je pravdépodobné prozkoumana fauna jedlobukovych lesti beskydské NPR Mionsi (k.4. Horni
a Dolni Lomna, 6477). Odtud je udavan kovatik Ampedus erythrogonus jiz Heyrovskym (1967),
vyskyt druhu zde poté potvrdil Boha¢ & Matéjicek (2008). V NPR Mionsi byly také nalezeny i nami
zjisténé beézné druhy Dromius fenestratus, Adalia bipunctata a Salpingus planirostris (Boha¢ &
Matéjicek 2008) a vzacny Sphaeriestes aeratus (Vavra 2002). Nalezy S. aeratus z Valas$ska publikoval
Konvicka (2010). Vyskyt druhu tesatika P. ovatus z celého izemi Valasska shrnuli Konvicka (2005) a
Konvicka & Spitzer (2009). Pokud jde o zastupce fadu Heteroptera, zjisténé v ramci této studie,
z regionu Valassko byly zatim publikovany pouze ojedinélé nalezy Gastrodes abietum a G. grossipes
(Balthasar 1945; Stehlik & Vaviinova 1997).

Z hlediska pavouki je nejlépe prozkoumana fauna nékterych lesnich porosti. Sechterova
(1992) podava prehled zjisténych druhi pavoukl rezervaci Razula (k.a. Velké Karlovice, 6676) a
Kutany (k.u. Halenkov, 6674), Spitzer et al. (2007) shrnuji vysledky prizkumu rezervaci Kutany a
druhy. Obsahlejsi data o vyskytu pavoukl v okrese Vsetin pfinesla arachnologickd exkurze v zafi
1998 (Majkus 2000). Zaméefena byla pfevazné na individudlni sbér na riiznych stanovistich a vedla
k objeveni celé tady faunisticky i ochranafsky vyznamnych druhti. Celkova prozkoumanost
arachnofauny studované oblasti je vSak stale velmi mald. Vzhledem Kk jejimu vyznamu pro jiné
skupiny zivocichi je kazda dalsi prace pfinosem.

Nizké shoda s publikovanymi daji o rozsifeni ndmi zjisténych druhd je velmi pravdépodobné
dana odlisnou metodou sbéru (omezena pouze na individualni sbér zimujicich jedincit), ktera nebyla
doprovazena dalSimi standardnimi metodami (napf. smyky vegetace, zemni pasti). Naznacuje to
nutnost pouziti metody piimého sbéru zimujictho hmyzu pro popis celého spolecenstva riznych
skupin ¢lenovct.

Nicméné tato nizka shoda mize byt mimo jiné dana také dosavadnim ptehlizenim jedli a
jehliénant obecné jako vyznamného biotopu pro vyskyt a vyvoj bezobratlych zivo€ichd. V nedavné
komplexni studii ¢lenovcl obyvajicich koruny norskych borovic (Thunes et al. 2004) bylo 19 %
zastizenych druhti do té doby z Norska neznamych. Timto zptsobem by bylo mozné vysvétlit i
naptiklad i vyskyt stonozky L. borealis, ktera se béznymi metodami (zemni pasti, tepelnd extrakce
pudnich vzorkl) da na lokalit¢ zastihnout jen vzacné, zatimco na jedlich byla relativné bézna. Jeji
vazba na stromy (vyskytovala se i na norskych borovicich, Thunes et al. 2004) mtize byt bézna a
dosud prehlizena. Podobna muze byt i situace u dalSich zjisténych druht.

Jedle — ohrozené mikrostanovisté

Jedle bélokora, jakozto vyznamné mikrostanovi§té pro zimujici hmyz, se v ramci lesnatéjSich
oblasti Valasska vyskytuje jen lokaln¢. Takika vzdy se navic jednd o jedince rostouci v torzech
puvodniho zapojeného porostu, ktery bude v souladu s lesnim hospodaiskym planem v blizké dobée
obnoven. Soubézné s timto dochazi k postupnému mizeni jedle i z rezervaci, ptic¢inou je jak prezvéfeni
redukujici prezivani semenacii z vysadeb i pfirozeného zmlazeni jedle, tak i pro jedli nevhodné
postupy pii obnové lesa v jejich blizkém okoli (Tkacikova & Tkacik 2005). V porovnani s ostatnimi
oblastmi Ceské republiky ale neni situace jejiho primérného zastoupeni ve vétsich porostnich celcich
Valasska tak tragicka (cf. Culek 1996; Vrska et al. 2001).

Nejvhodnéjsi by bylo v porostech ptirozenéjsitho charakteru uplné ustoupit od holosecného
hospodateni pfinejmenSim v chrdnénych uzemich. V ptipadé pouziti vybérové tézby by doslo k
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prirozené obnoveé zastoupeni jedle (Vrska et al. 2009). Pokud uz je praktikovano holose¢ného
hospodateni (pfipustné pouze v porostech nizsi biologické kvality a/nebo v porostech uréenych pro
hospodarské vyuziti), je vhodné nenechavat pouze osamocené solitérni vystavky, ale ponechavat
vybranou skupinu ¢i skupiny jedli o po¢tu minimalné¢ 5—6 vzrostlych stromt. SpoleCenstva ¢lenovct
ziejme vyzaduji pro Usp€sné prezimovani alespon ¢aste¢né stabilni vlhkostni podminky a neni pro né
vhodny ptimy osvit borky a pfimé vystaveni dal§im povétrnostnim podminkam. Vystavky by mély byt
kazdopadné ponechany na doziti a do stddia samovolného rozpadu jako podpora dalSich ohrozenych
saproxylickych druht i jako zdroj diaspor pro piirozenou obnovu jedle v okolnich porostech (cf.
Schawaller et al. 2005).

Podékovani: Radi bychom podékovali Jifimu BeneSovi, Martinu Konvickovi a Petru Kmentovi za korekce
textu a podnétné ptipominky. Za determinaci broukti dékujeme Petru Bozovi (Chrysomelidae: Alticinae;
Curculionidae) a Pavlu Pridkovi (Latridiidae) a Jifimu Vavrovi za determinaci druhu Sphaeriestes aeratus, za
determinaci dlouhosijek dékujeme Oldfichu Pultarovi. Praci financovaly a podpofily Muzeum regionu Valassko
(Vsetin), Sprava CHKO Bilé Karpaty (Luhacovice), CSOP (Ochrana biodiverzity, &. 51050108), Ministerstvo
skolstvi, mladeZe a télovychovy CR (MSMT 6007665801 a LC06073).
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Obr. 1: Béznik Diaea dorsata (Fabricius, 1777) pod Supinkami kiry jedle bélokoré, lokalita Huslenky-Kychova.
Fig. 1: Crab spider Diaea dorsata (Fabricius, 1777) under bark scales of the white fir, loc. Huslenky-Kychova.

F'T' e ook,

Obr. 2: Vystavky jedle ponechané na pasece. Lokalita Huslenky-Kychova.
Fig. 2: White fir standard trees left on the clearing, locality Huslenky-Kychova.
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Tab. 2. Piehled zaznamenanych druhti ¢lenovcl na jednotlivych lokalitach. Uveden je pocet exemplait
sumarizovany pro vSechny osnimkované stromy.
Tab. 2. List of arthropod species found on individual localities. Numbers are total
individuals on all sampled trees on particular localities.

Druh

Amaurobius fenestralis
Anyphaena accentuata
Araneus sturmi
Centromerus brevivulvatus
Clubiona subsultans
Cryphoeca silvicola
Diaea dorsata

Keijia tincta

Linyphia triangularis
Moebelia penicillata
Segestria senoculata
Theridion mystaceum
Adalia bipunctata
Ampedus erythrogonus
Anthonomus pomorum
Aphidecta obliterata
Brachytarsus nebulosus
Calodromius spilotus
Corticaria longicornis
Corticarina parvula
Corticarina similata
Dromius agilis
Dromius angustus
Dromius fenestratus
Dromius quadraticollis
Dromius quadrimaculatum
Enicmus rugosus
Furcipus rectirostris
Litargus connexus
Mecinus pyraster
Mycetophagus atomarius
Orchesia undulata
Phyllotreta undulata
Pogonocherus ovatus
Rhynchaenus fagi
Salpingus planirostris
Scymnus ferrugatus
Sphaeriestes aeratus
Tetratoma ancora
Thanasimus formicarius
Forficula auricularia
Anthocoris confusus
Deraeocoris lutescens
Dufouriellus ater
Gastrodes abietum
Gastrodes grossipes
Heterorius majusculus
Heterorius minutus
Lygus rugulipennis
Orthops campestris
Orthops kalmii
Pinalitus atomarius
Lithobius borealis
Lithobius pelidnus
Inocellia crassicornis
Dichrostigma flavipes
Phaeostigma notata
Puncha ratzeburgi
Raphidia ophiopsis
Xanthostigma xanthostigma
Phlaeothrips coriaceus

(Strom, 1768)
(Walckenaer, 1802)
(Hahn, 1831)
Dahl, 1912
Thorell, 1875

(C. L. Koch, 1834)
(Fabricius, 1777)
(Walckenaer, 1802)
(Clerck, 1757)
(Westring, 1851)
(Linnaeus, 1758)
Koch, 1870
(Linnaeus, 1758)
(P.W. et J.Miiller, 1821)
(Linnaeus, 1758)
(Linnaeus, 1758)
(Forster, 1770)
(Illiger, 1798)
(Herbst, 1783)
(Mannerheim, 1844)
(Gyllenhal, 1827)
(Fabricius 1787)
Brullé, 1834
(Fabricius, 1794)
Morawitz, 1862
(Linnaeus, 1758)
(Herbst, 1793)
(Linnaeus, 1758)
(Fourcroy, 1785)
(Herbst, 1795)
(Fabricius, 1787)
Kraatz, 1853
Kutsch., 1860
(Goeze, 1777)
(Linnaeus, 1758)
(Fabricius, 1787)
(Moll, 1785)
Mulsant, 1859
Fabricius, 1790
(Linnaeus, 1758)
Linnaeus, 1758
Reuter, 1884
(Schilling, 1837)
(Dufour, 1833)
Bergroth, 1914
(De Geer, 1773)
(Reuter, 1879)
(Linnaeus, 1758)
Poppius, 1911
(Linnaeus, 1758)
Linnaeus, 1758)
(Meyer-Diir, 1843)
Meinert, 1868
Haase, 1880
(Schummel, 1832)
(Stein, 1863)
(Fabricius, 1781)
(Brauer, 1876)
Linnaeus, 1758
(Schummel, 1832)
(Haliday 1836)

Skupina
Araneae
Araneae
Araneae
Araneae
Araneae
Araneae
Araneae
Araneae
Araneae
Araneae
Araneae
Araneae
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Coleoptera
Dermaptera
Heteroptera
Heteroptera
Heteroptera
Heteroptera
Heteroptera
Heteroptera
Heteroptera
Heteroptera
Heteroptera
Heteroptera
Heteroptera
Chilopoda
Chilopoda
Raphidioptera
Raphidioptera
Raphidioptera
Raphidioptera
Raphidioptera
Raphidioptera
Thysanoptera

Celed’
Amaurobiidae
Anyphaenidae
Araneidae
Linyphiidae
Clubionidae
Hahniidae
Thomisidae
Theridiidae
Linyphiidae
Linyphiidae
Segestriidae
Theridiidae
Coccinellidae
Elateridae
Curculionidae
Coccinellidae
Anthribidae
Carabidae
Latridiidae
Latridiidae
Latridiidae
Carabidae
Carabidae
Carabidae
Carabidae
Carabidae
Latridiidae
Curculionidae
Mycetophagidae
Curculionidae
Mycetophagidae
Melandryidae
Chrysomelidae
Cerambycidae
Curculionidae
Salpingidae
Coccinellidae
Salpingidae
Tetratomidae
Cleridae
Forficulidae
Anthocoridae
Miridae
Anthocoridae
Rhyparochromidae
Rhyparochromidae
Anthocoridae
Anthocoridae
Miridae
Miridae
Miridae
Miridae
Lithobiidae
Lithobiidae
Inocelliidae
Raphidiidae
Raphidiidae
Raphidiidae
Raphidiidae
Raphidiidae
Phlaeothripidae
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Tab. 3. Prehled jedincti nedeterminovanych na druhovou uroven na jednotlivych lokalitach, sumarizovano pro
vSechny osnimkované stromy. Material je ulozen ve sbirce Muzea regionu Valassko (Vsetin) a pfipraven
k dalsi determinaci.

Tab. 3. List of arthropod taxa not identified to the species level. Numbers are total counts of arthropod
individuals on all sampled trees on particular locality. Specimens are deposited in the collection of Museum
of the region Wallachia (Vsetin) for future identification.

= >
L g E .
g £ < s £ % p A =
S g2 = 5 = &2 7
35 5 2% 88§ §a
23 8 & & & d 2 2 23
| i < 1 'g’ % < R e B B
£ E 5 £ 85858 2 3% g9 %
. . 5 283 8 22 5 E=E3 T 3
Druh Stav Skupina Celed > > & > L E S m = > > >
Clubiona sp. juvenil  Araneae Clubionidae 380 1 0 2 3 0 0 0 0 O
Clubiona sp. juvenil  Araneae Clubionidae 380 1 0 2 3 0 0 0 0 O
Dictyna sp. juvenil  Araneae Dictynidae o 0 0 0 0 o0 0 0 0o 0 0 1
Dictyna sp. juvenil  Araneae Dictynidae o 0 0 o0 0 o0 0 0 0o 0 0 1
Gnaphosidae sp. juvenil  Araneae Gnaphosidae o 0 0 0 2 0 0O O 0 0 0 O
Linyphiidae sp.  juvenil  Araneae Linyphiidae 1 2 0 0 4 1 0 0 O O O O
Thanatus sp. juvenil  Araneae Philodromidae 0 0 O 0 O I O O O O O O
Philodromus sp. juvenil  Aranecae Philodromidae 16 21 14 2 3 1 2 0 0 O O O
Heliophanus sp. juvenil  Aranecae Salticidae o 0 0 0 0 0 1 0 o O O0 O
Theridiidae sp.  juvenil  Araneae Theridiidae 1 0 0 0 06 0 00 0 O 0 O
Xysticus sp. juvenil  Arancae Thomisidae o 0 0 0 1 0 O 0O 0o O O0 O
sp. Auchenorhyncha  Cicadellidae 30 0 0 0OOO O O O 0 O
Cantharis sp. larva Coleoptera Cantharidae o 0 1 o0 0 1 O O 0 O 0 O
sp. Coleoptera Trogossitidae ! 0 06 0 06 0 060 0 O 0 O
sp. Diptera Chironomidae o 1 0 0 0 0O O O O O 0 O
sp. Diptera Phoridae o 1 0 0 0O O O O o0 O 0 O
Aradus sp. Heteroptera Aradidae o 0 0 o0 o0 0o 1 0 0 O 0 O
Pentatomidae sp. nympha Heteroptera Pentatomidae 30 1 0 1 0 O 1 O O O O
sp. Hymenoptera Ichneumonidae 2 2 0 0 0 0 O 1 O O 1 O
Asolcus sp. Hymenoptera Scelionidae !1 0 06 20 0 0 O 0 O 0 O
sp. Lepidoptera o 0 0 0 1 0o 0O O 0O O 0 O
sp. Neuroptera o 0 0 0 0 o0 o 1 0 0 O0 O
sp. Plecoptera o o0 0 0 0 1 0 0 O O O0 O

Adresy autortu: Luka$ Spitzer, Muzeum regionu Valassko, Horni namésti 2, CZ-755 01 Vsetin, Ceska rep.,
Entomologicky ustav, Biologické centrum AV CR, Branifovska 31, CZ-370 05 Ceské
Budgjovice, CR; Piirodovédecka fakulta, Jihoeska univerzita, Braniovska 31, CZ-370 05
Ceské Budgjovice, CR, e-mail:spitzerl@yahoo.com
Ondfej Konvi¢ka, AOPK CR, Sprava CHKO Bilé Karpaty, Nadrazni 318, CZ-763 26
Luhacovice, CR, e-mail: brouk.vsetin@centrum.cz
Robert Tropek, Entomologicky ustav, Biologické centrum AV CR, BraniSovska 31, CZ-
370 05 Ceské Budg¢jovice, CR; Piirodovédecka fakulta, Jihodeskd univerzita, BraniSovska
31, CZ-370 05 Ceské Budg&jovice, CR, e-mail: robert.tropek@gmail.com
Magdaléna Rohacova, Muzeum Beskyd, Hluboka 66, CZ-738 01 Frydek-Mistek, CR, e-
mail: rohacova.magda@centrum.cz
Ivan H. Tuf, Katedra ckologie a Zivotniho prostiedi, Pfirodovédecka fakulta, Univerzita
Palackého, T¥. Svobody 26, CZ-772 00 Olomouc, CR, e-mail: ivan.tuf@upol.cz
Oldtich Nedvé&d, Entomologicky ustav, Biologické centrum AV CR, Braniovska 31, CZ-
370 05 Ceské Budg&jovice, CR; Piirodovédecka fakulta, Jihodeska univerzita, BraniSovska
31, CZ-370 05 Ceské Budg&jovice, CR, e-mail: nedved@prf jcu.cz
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Publikace Il

Lukas Spitzer, Martin Konvicka, Jiri Benes, Robert Tropek, Ivan H. Tuf, Jana Tufova (2008):
Does closure of traditionally managed open woodlands threaten epigeic invertebrates?
Effects of coppicing and high deer densities. Biological Conservation 141 (2008) 827—-837.

Vysledky studia vyssich rostlin, spolecenstev motylU a saproxylickych broukd a v neposledni
fadé i ornitocendéz podporuji teorii o dlouhodobé existenci rozvolnéného listnatého
opadavého lesa. Lesni porosty musely byt vyraznéji prosvétlenéjsi a strukturovanéjsi, nez je
tomu dnes v komercnich vysokokmennych a stejnovékych porostech a napftiklad i
v bezzasahovych lesnich rezervacich (BuckLey 1992; VERA 2000; BENES et al. 2006). Tato
hypotéza je podporovana a je konzistentni se specializaci mnoha nyni ohrozenych druh( na
staré zpUsoby managementu lesa, jako je péstovani parezin a stfedniho lesa, ale i napfr.
osekavani stromU na letninu, existence hlavatych vrb ¢i dlouhodoba relokace Zivin
v nejvyssim pudnim profilu lesni pastvou. Efekty vySe popsanych metod bohuZel nebyly
dostatecné znamy na prikladu epigeickych bezobratlych, ba mnohdy nepodloZend ochrana
nedostatecné epigeickych bezobratlyjch mohla dokonce jit proti tradicnim zplsobim
obhospodarovani lesa (eroze, nedostatek ukryt a podobné).

Pomoci zemnich pasti jsme studovali sloZzeni spolecCenstva vybranych skupin epigeickych
bezobratlych (strevlikoviti, pavoukovci — pavouci a sekdaci, stonozky a mnohonozky a
suchozemsti stejnonoZci, zde vyhodnocovédny jako jedna skupina). VySe zminéna
spolecenstva byla studovdna v nejvétSim zbyvajicim komplexu lesnich porostl na jizni
Moravé, v Milovickém lese pobliz obce Bulhary. Tento porost je poslednich 50 let vyuzivan
zvétsi Casti jako obora. Pred 2. svétovou vdlkou byl vSak takrka cely tradicné
obhospodarovany, pricemz v mensiné byly porosty urcené k produkci stavebni kulatiny dle
soudobych meéfitek. |vsoucasnosti jsou zde diky existenci obory vynucujici vnitfné
strukturovany porost ¢astecné zachovany plvodni lesnické pfistupy, napf. péstovani parezin
Ci stfedniho lesa.

Pro vyhodnoceni vlivu zvéfe a charakteru lesa jsme zvolili vyrovnany design umoziujici
nam soubéiné vyhodnotit vliv prosvétlenosti lesa (otevieny a stinny) a vliv chovu zvére
(pokusné plochy vné a uvnitf obory). Signifikantné nejvice jedincl i druhd vsech tfi skupin
bezobratlych bylo zaznamendno v otevieném prosvétleném lese. Rozdily pfineslo
vyhodnoceni vlivu chovu zvére (zde pfili§ vysoké stavy zvére). Pavoukovci preferovali
otevieny les a byli nejcitlivéjsi ve vztahu ke zvéfi, kdy se nejvice druhd s vysokou
ochranarskou hodnotou vyskytovalo v lesnich porostech s vylou¢enim chovu vysoké zvére.
Strevlikoviti a zbyvajici skupiny bezobratlych (stonozky, mnohonoiky a suchozemsti
stejnonoZci) preferovali otevieny prosvétleny les mimo oboru. Ve stinném vysokokmenném
lese nebyl zjistén vliv chovu zvére. Nejméné druhl a jedincli téchto skupin bylo
zaznamenano ve svétlém lese s vysokou hustotou chované zvére. Ordinace (CCA) ukazaly, Ze
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na strevlikovité a pavoukovce mély vliv jak struktura lesa, tak i oborovy chov zvére, zatimco
na zbyvajici bezobratlé méla vliv jen struktura lesa a nikoli chov zvére.

Ochrandarsky vyznamné druhy podle kategorizace dle HORKY et al. (1996), BUCHARA (1983)
a TurA & Turove (2008) byly témér vyhradné asociovdny se svétlymi lesnimi porosty.
SoubéZna analyza ukazala na signifikantni efekt sloZeni vegetacniho patra (E1).

Nase vysledky jednoznacné podporuji potfebnost znovuzavedeni plvodnich lesnickych
pristupl. Bez obnoveni parezin a stfednich lesd neni mozné zachovat bohatou a ohroZzenou
puadni faunu bezobratlych v oblasti opadavych niZinnych les(.

Vysledky zaroven ukazuji na chybny pfistup v péci o stavajici lesni rezervace v této
oblasti Ceské republiky. Bezzdsahovy rezim v téchto rezervacich vede k zapojeni porostd,
zvySenému zastinu a vymizeni citlivych druhd bezobratlych vyZzadujicich prosvétlenost
porostu. Zaroven vysledky ukazuji na nebezpecnost intenzivniho chovu zvére v téchto
porostech. Ukazuje se, Ze ochrana zjisténého bohatého spolecenstva epigeickych
bezobratlych véetné indikacnich druhl neni s oborovym hospodarenim slucitelna. Intenzivni
chov vysoké zvére ve vysokych denzitach totiz na rozdil od prileZitostné pastvy divokych
zvirat Ci lesni pastvy domacich zvirat vede k devastaci vegetacniho krytu, jehoz kvalita ma dle
nasich vysledkll nejvétsi vliv na dlouhodobé preZiti bohatych spolecenstev pldnich
bezobratlych.
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ABSTRACT

The demise of traditional woodland management techniques, such as coppicing or wood-
land pasture, is causing a gradual closure of formerly sparse lowland woods across Central
Europe. It is established that these processes threaten such organisms as butterflies and
higher plants. Effects on other groups, such as epigeic invertebrates, are little known, hin-
dering rational conservation decisions. We investigated the effects of stand openness on
three epigeic groups, carabids (Carabidae), arachnids (Araneae + Opiliones) and muyria-
pods-isopods (Chilopoda + Diplopoda + Oniscidea), in a lowland deciduous wood in the
Czech Republic. Situating some of the traps in an intensive deer park allowed a simulta-
neous assessment of effects of high vs. low ungulate densities. Carabids reached the high-
est species richness in either sparse stands with low game or dense stands, high game.
More arachnids occurred under low game and in sparse stands than under high game den-
sity and in dense stands. The highest richness of myriapods-isopods was in sparse stands
with low game. Ordinations revealed that species of conservation concern (‘relic species’
according to C. European authors) tended to be associated with sparse stands and low
game. A considerable proportion of epigeic woodland invertebrates, including many spe-
cies of conservation concern, depends on preserving highly heterogeneous sparse canopy
conditions. Restoring such conditions in selected areas will benefit these sensitive open
woodland specialists while causing minimum harm to specialists of dense stands, that
likely prosper in commercially managed high forests.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction due to replacement of millennia-old management tech-
niques, such as woodland pasture, coppicing or litter har-
Deciduous woodlands of lowland temperate Europe have be- vest, by growing of even-aged high forests (Rackham, 1998;

come increasingly dense and shady during the 20th century Warren and Key, 1991). Conservationists have long regarded

* Corresponding author: Address: Institute of Entomology, Czech Academy of Sciences, Branisovska 31, CZ-370 05 Ceske Budejovice,
Czech Republic. Tel.: +420 38 777 5312; fax: +420 38 531 0354.
E-mail address: konva@entu.cas.cz (M. Konvicka).
0006-3207/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.

doi:10.1016/j.biocon.2008.01.005
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the woodland closure as a beneficial process, returning the
human-disturbed woodlands to a more natural state (Ellen-
berg, 1988; Vrska, 2006). More recently, it has been proposed
that European temperate woodlands would be rather open
even in the absence of human intervention as a result of
activity of wild ungulates (Vera, 2000; Bakker et al., 2004)
and natural disturbances (Reindl, 1997; Lindbladh et al.,
2003; Bouget and Duelli, 2004). The ensuing debate has tre-
mendous implications for conservation strategies. Had
woodlands of lowland temperate Europe resembled an open
savannah in a natural state, increasing shading of both com-
mercially managed forests and minimum-intervention re-
serves would alter woodland biodiversity, even if the
woods have retained a ‘natural’ tree species composition
(cf. Decocq et al., 2004; Benes et al., 2006). The non-interven-
tion strategy, often proposed for reserves, would be contra-
dictory to conservation, because reserves would develop
into brand-new habitats, not existing in temperate lowland
Europe for millennia.

The deleterious impact of woodland closure is well docu-
mented for such conspicuous organisms as higher plants
(Peterken and Francis, 1999; Strandberg et al., 2005), butter-
flies (Warren, 1991; Bergman and Kindvall, 2004; Freese
et al., 2006), orthoptera (Theuerkauf and Rouys, 2006), sapr-
oxylic beetles (Ranius and Jansson, 2000; Lindhe et al., 2005),
and birds (Fuller and Henderson, 1992; Hansson, 2001). Im-
pacts on other groups of organisms are much less known,
hindering rational debate about conservation strategies.
Proposals for active management of woodland reserves estab-
lished for specific open-canopy species are easily downgraded
by arguing that the management may threaten other
components of biodiversity, in particular the less conspicuous
ones.

Another little studied aspect of the conservation man-
agement of European lowland woods is the increasing den-
sity of wild ungulates (Fuller and Gill, 2001; Cote et al.,
2004). Pasture for domestic animals had represented an
important woodland use until ca. one century ago (Vera,
2000; Konvicka et al., 2008) and it might be expected that
high densities of deer and other wild ungulates should ben-
efit specialised species of open forests. Many intensive game
parks exist across Europe and some have retained a consid-
erable proportion of open structures such as glades and
coppiced panels that supply game animals with browsing
and shelter. Presence of such structures increases the suit-
ability of woodlands for wildlife (Stewart, 2001; Ewald
et al.,, 2006), but too high game densities threaten more sen-
sitive species (Chytry and Danihelka, 1993; Benes et al.,
2006).

This study assesses the relative effects of stand openness
and game density on richness and species composition of
carabid beetles (Carabidae), spiders (Areanae), harvestmen
(Opiliones), centipedes (Chilopoda), millipedes (Diplopoda)
and woodlice (Isopoda: Oniscidea) in the Milovicky Wood,
southeastern Czech Republic. The wood harbours a rich fauna
and flora and its managers still locally maintain traditional
coppice management. A part of the wood is used for intensive
game keeping, allowing comparison of impacts of high versus
low ungulate densities simultaneously with impacts of stand
openness.

2. Materials and methods
2.1. Study area

The Milovicky Wood (Fig. 1; 48°49'N, 16°42'E, alt. 250 m) repre-
sents the largest complex of Pannonian thermophilous woods
in the Czech Republic. It covers over 20 km?of rolling hills
built by base-rich sediments and covered by quaternary
deposits, situated in a region of warm and relatively dry cli-
mate (mean annual temperature: 9 °C, mean precipitation:
550 mm) at a crossroad between the Hercynian highlands,
the Carpathians and the lowlands of Pannonia.

Until the mid-20th century, the wood was managed by cop-
picing, a management technique in which wood is harvested
in short rotation to be used as fuel (locally: 20-40 years) and
subsequently regenerates vegetatively from stumps and
roots. Later on, the technique was abandoned in favour of sin-
gling, i.e. selecting most vigorous of coppice branches in order
to achieve a structure akin to generative high forest. As hopes
to produce good timber soon failed, two large game parks for
red deer (Cervus elaphus), fallow deer (Dama dama) and mou-
flon (Ovis ammon), covering ca. 17 km?, were established there
in the 1960s (Fig. 1). The stocking was quite high until the
early 1990s, when conservation concerns led to a reduction
of game densities to the current ca. 0.5 deer per hectare (de-
tails: Benes et al., 2006).

A majority of the wood consists of mature (>80 years) sin-
gled oak coppice. Prevailing trees are oaks (Quercus petrea, Q.
pubescens) and hornbeam (Carpinus betulus), accompanied by
ash (Fraxinus excelsior), lime (Tilia platyphylos and T. cordata)
and elm (Ulmus laevis). To promote regeneration of oak, over
200 ha of fenced “regeneration blocks”, have been established
in the last few years. Proceeding by strips 30-50 m wide and
not exceeding one hectare in area, they are sequentially
thinned to canopy cover of 10-30%. It is expected that in mast
years, oak should germinate from seeds in the thinned
stands. The thinning promotes vigorous regrowth of coppice
species such as Acer campestre, Corylus avellana, Crataegus
spp., and Sorbus torminalis. For a few years, the thinned panels
resemble a traditional coppice with standards management, un-
der which there are, amongst a lower layer harvested in short
interval, sparsely growing mature trees, or standards, grown
for timber. However, in contrast to the true coppice with stan-
dards, the mature trees are removed following an oak mast in
the wood.

2.2.  Study design

We sampled epigeic fauna using pitfall traps, set in a factorial
2 *2 design under two levels of OPENNESS (dense vs. sparse
stands) and two levels of GAME (game vs. no game). The
dense stands were the singled oak coppice, all ca. 80 years
old; the sparse stands with no game were fenced panels
thinned to ca. 30% of canopy cover to facilitate oak regenera-
tion; and the sparse stands with game were those coppiced to
provide deer browse. We selected four sites for each of the
four combinations, each with five traps, summing to sixteen
sites and 80 traps.

We recorded the following additional variables for each
trap: (i) percent cover of canopy layer, shrub layer (in 2m
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Fig. 1 - Map of the Milovicky Wood, showing positions of trapping sites. Different symbols stand for the four combinations of
OPENNESS and GAME factors: dense-game (diamonds), sparse-game (triangles), dense-no game (squares) and sparse-no

game (circles).

height) and herb layer, estimated, respectively, in 20 m, 10 m
and 5m diameter circles around each trap; (ii) presence of
all canopy layer species in 10 m diameter circles; (iii) presence
of all shrub layer species in 5 m diameter circles; and (iv) per-
centage cover of forbs and grasses in 5 m diameter circles. All
these variables were recorded on one date (1 May 2005) to rule
out seasonal effects. In addition, latitudinal and longitudinal
coordinates were taken for each trap.

2.3.  Sampling of epigeic invertebrates

The traps were plastic cups of 11 volume, 12 cm in diameter,
containing a 4% solution of formaldehyde. Within sites, they
were spaced at 8-10 meters in approximately straight lines,
located in central parts of each stand, at a minimum distance
of 30-40 m from other management types. They were ex-
posed for three periods (1-23 May, 7-30 July, 9 September-2
October, all 2005) and were covered by lids for interim periods.

Throughout this paper, “arachnids” refer to spiders (Ara-
neae) plus harvestmen (Opiliones), and “myriapods-isopods”
refer to centipedes (Chilopoda), millipedes (Diplopoda) and
woodlice (Isopoda: Oniscidea). Nomenclature follows Hurka
(1996) for carabids; Buchar and Ruzicka (2002) for spiders;
Klimes (2000) for harvestmen; Enghoff (2004) for millipedes
and centipedes; and Schmalfuss (2003) for woodlice.

2.4. Classifying the species

A straightforward approach to assess conservation value of
the sampled species would be to compare their rarity and/or
threat status (i.e., decline) (e.g., Benes et al., 2006; Tropek
and Konvicka, 2008). This was not feasible in this case, be-
cause neither standard monitoring nor comprehensive distri-
bution maps of the groups under study exist for the Czech
Republic, with the exception of spiders (Buchar and Ruzicka,
2002). An alternative option was classifying the species into

“habitat quality categories”, designed by Buchar (1983) (origi-
nally for spiders) to assist monitoring of habitats. This
scheme classifies all species into relics (‘restricted to natural,
undisturbed habitats’), adaptive (‘able to colonise both undis-
turbed and moderately disturbed habitats’), and eurytopic
(‘colonising even heavily anthropically disturbed sites’). Hur-
ka et al. (1996) expanded this scheme for carabids, Klimes
(2000) for harvestmen, Tuf and Laska (2005) for centipedes,
and Tuf and Tufova (2008) for millipedes and woodlice. An up-
dated classification for arachnids by Buchar and Ruzicka
(2002) used here occasionally mentions >1 category per spe-
cies. To obtain unequivocal categories, we applied the strin-
gent criterion that species falling in >1 category were
considered as belonging to the weaker one (e.g., those belong-
ing to adaptive and relic were considered adaptive).

2.5.  Analyses

We analysed carabids, arachnids, and myriapods-isopods
separately but following identical approaches.

Species accumulation curves for the four OPENNESS-GAME
combinations were constructed using the software Esti-
mateS 8.0 (Colwell, 2006), and 95% confidence limits (Win-
free et al., 2007) were used to compare differences in their
shapes.

Analyses of variance on log-transformed data, computed
using the general linear models module in Statistica 7.0, were
used to compare numbers of species and numbers of individ-
uals per trap in different treatments. We used full-factorial re-
peated measures design with factors OPENNESS and GAME
plus OPENNESS * GAME interaction, and with trapping PERI-
OD as a within-effect factor. To control for the effects of spa-
tial positions of the traps, the latitudinal (x) and longitudinal
(v) coordinates of each trap, both centered to zero mean and
unit variance, plus the x*y interaction, were forced to the
model as (numeric) covariates.
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Relative representation of species belonging to the eurytopic,
adaptive and relic categories was compared using contin-
gency tables. We compared numbers of species, and summed
numbers of individuals belonging to the categories, caught in
each of the OPENNESS-GAME combinations.

Species composition was analysed using canonical corre-
spondence analysis (CCA) (CANOCO v 4.5), which ordinates
the species composition of samples according to external pre-
dictors and tests for effects of the predictors using a Monte-
Carlo test (999 permutations) (Leps and Smilauer, 2003). Each
trap/period was treated as a sample. To account for spatial
and temporal non-independence, we used a split-plot permu-
tation design with the periods of trap exposure considered as
time series and the lines of five traps considered as line
transects.

We used CCA to ask four questions. The first one ad-
dressed the effect of OPENNESS and GAME, both separately
and in combination. We also applied a variance partitioning
procedure, which assesses the independent effects of individ-
ual variables by successively entering competing variables as
covariate terms. Second, we asked how the composition of
samples was affected by canopy, shrub and herb covers and
composition; following tests for the groups of variables
describing stand structure (i-iv in Study design, above), we
used the CANOCO forward-selection procedure to obtain
models combining these variables, herein abbreviated as
STAND. The third set of models addressed potential spatial
non-independence. These SPATIAL models were based on for-
ward selection of x and y coordinates of each trap, their sec-
ond-order polynomials and all possible interactions. Finally,
we asked if the patterns related to OPENNESS and GAME
would hold after controlling for STAND and SPATIAL effects.
This was tested via partial-CCA with STAND and SPATIAL as
covariables.

3. Results
3.1.  Species richness

We trapped 54 species and 2377 individuals of carabids, 86
species and 5164 individuals of arachnids (Araneae 79/5030,
Opiliones 7/134) and 31 species and 545 individuals of myria-
pods-isopods (Diplopoda: 11/165, Chilopoda 7/100, Isopoda 6/
280). Four carabids, eleven carabids and six myriapods-iso-
pods are classified as relic species (Table 1, Appendix 1).

As shown by patterns of species accumulation (Fig. 2), the
highest richness of carabids occurred in dense-game stands,
closely followed by sparse-no game stands. Sparse-game
and dense-no game stands contained similar and
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Fig. 2 - Species accumulation curves for pitfall catches of
carabids, arachnids and myriapods-isopods trapped under
four different combinations of OPENNESS and GAME in the
Milovicky Wood. The bars are 95% confidence limits,
depicted only for selected curves that are discussed in the
text.

Table 1 - Summary data on pitfall traps catches from the Milovicky Wood

Sparse-game

Sparse-no game

Dense-game Dense-no game

Species/individuals Species/individuals Species/individuals Species/individuals
Carabids 27/591 34/615 38/933 24/455
Arachnids 54/1063 55/2334 35/729 43/1197
Myriapods-isopods 21/100 18/274 18/192 16/183
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considerably lower numbers of species. In arachnids, sparse-
game and sparse-no game stands contained approximately
equally high species richness, dense-no game stands were
intermediate, whereas dense-game stands were poorest. In
myriapods-isopods, the sparse-game stands returned the
steepest curve not approaching an asymptote, whereas the
curves for the other three situations had similar shapes,
reaching asymptotes near the 15th sample.

In the analyses of variance controlled for spatial position
of the traps (Table 2), the numbers of carabid species and indi-
viduals did not differ with regard to OPENNESS and GAME, but
displayed a significant interaction. Sparse-no game stands
hosted more carabids than sparse-game stands, whereas
dense stands hosted similar numbers of species irrespective
of GAME (Fig. 3a). The species richness of arachnids did not
differ among the analysed situations, but sparse stands
hosted more individuals than dense stands (Fig. 3b). More
myriapod-isopod species were trapped in sparse stands
(Fig. 3c). All three groups also displayed a prominent season-
ality (Table 2). Numbers of species (all groups) and individuals
(carabids and myriapods-isopods) were highest in spring and
lowest in autumn.

3.2.  Species composition

The four situations did not differ in relative representation of
eurytopic, adaptive and relic species of carabids (42, = 1.61,
p =0.95), arachnids (42,4 = 1.44, p = 0.96) and myriapods-iso-
pods (x24 = 2.14, p = 0.91). However, they differed with respect
to numbers of individuals in the habitat quality categories in
the case of carabids (y24 = 264.44, p <0.0001) and arachnids
(24 = 315.57, p <0.0001), but not myriapods-isopods (424 =
9.75, p = 0.14). A surplus of individuals of eurytopic carabids
originated from dense-game stands and a surplus of individ-
uals of relic carabids originated from sparse-game and

sparse-no game stands. In arachnids, there was a surplus of
individuals of adaptive species in sparse-no game stands
(Fig. 4).

In the ordinations, both OPENNESS and GAME significantly
affected the species composition of carabids and arachnids,
whereas only OPENNESS affected myriapods-isopods (Table
3). For both carabids and arachnids, each of the tested factors
displayed a significant effect even after setting the second
factor of interest as a covariable.

For carabids (Fig. 5a), the first ordination axis distinguished
between sparse and dense stands, whereas the second axis
distinguished between game and no game. Species associated
with sparse stands included, e.g., Notiophilus rufipes, Carabus
cancellatus and Cicindela campestris. Species such as Pterostichus
melanarius and Harpalus affinis displayed an association with
dense stands. Species associated with game included, e.g,
Carabus granulatus, Abax parallelepipedus and Pterostichus oblon-
gopunctatus, whereas most species from sparse stands
seemed to avoid high game density (Notiophilus rufipes, Car-
abus ullrichi). Out of four relic species, Harpalus picipennis
andNotiophilus rufipes were associated with sparse stands,
Amara anthobia with dense stands, whereas Leistus rufomargin-
atus did not display a clear association.

For arachnids (Fig. 5b), the first axis again distinguished
between dense and sparse stands. Stands with game were
more similar to dense stands according to arachnid composi-
tion, whereas stands without game were more similar to the
sparse ones. Dense stands were suitable for such typical
woodland species as Centromerus sylvaticus and Harpactea rubi-
cunda, some widespread generalists (e.g., Neriene clathrata)
and, unexpectedly, even a species associated with rocky
steppes (Megalepthyphantes pseudocollinus). Sparse stands
hosted species typical for warm grasslands (e.g., Xysticus line-
atus and Ozyptila scabricula), forest edges (e.g. Ceratinella ma-
jor) and warm woodlands (e.g., Ozyptila blackwalli and

Table 2 - Results of repeated-measures ANOVAs comparing numbers of species and individuals of carabids, arachnids and

myriapods-isopods trapped in Milovicky Wood. Full factorial 2 x 2 model with factors GAME and OPENNESS, repeated-
measure factor PERIOD, and spatial positions of traps (x,y,x * y) forced to the model

Carabids Arachnids Myriapods-isopods
Species Individuals Species Individuals Species Individuals

df F p F p F p F p F p F p
Intercept 1 72711 e 468.59 e 214.58  weex 244.46 e 102.36 34.43 wrr
GAME 1 0.63 n.s. 0.01 n.s. 1.17 n.s. 0.29 n.s. 1.55 n.s. 0.77 n.s.
OPENNESS 1 1.91 n.s. 2.63 n.s. 2.82 n.s. 7.06 ** 6.07 * 1.99 n.s.
GAME * OPENNESS 1 18.05 ok 14.03 b 0.55 n.s. 0.97 n.s. 0.15 n.s. 1.42 n.s.
X 1 1.71 n.s. 0.17 n.s. 0.35 n.s. 0.01 n.s. 14.48 i 4.21 n.s.
y 1 4.18 n.s. 1.24 n.s. 1.10 n.s. 4.47 n.s. 2.23 n.s. 3.39 n.s.
X*y 1 0.01 ns. 1.95 n.s. 142 ns. 0.78 n.s. 0.38 ns. 0.74 n.s.
Error 73
PERIOD 2 21.91 e 9.56 i 31.07 e 49.61 n.s. 8.05 4.36 *
PERIOD * GAME 2 021 ns. 0.20 n.s. 1.86 ns. 0.78 n.s. 034 ns. 3.44
PERIOD * OPENNESS 2 0.28 n.s. 3.74 * 1.37 n.s. 2.29 n.s. 0.46 n.s. 1.70 n.s.
PERIOD * GAME * OPENNESS 2 316 6.71 + 0.74 ns. 0.47 n.s. 0.14 ns. 0.87 n.s.
PERIOD * x 2 6.95 * 5.85 ** 0.39 n.s. 0.01 n.s. 191 n.s. 3.09 *
PERIOD *y 2 319 + 3.74 * 156 ns. 3.11 * 1.07 ns. 1.81 n.s.
PERIOD *x *y 2 334 = 2.33 n.s. 0.55 ns. 0.29 n.s. 1.79 ns. 1.02 n.s.
Error 146

n.s. p>0.05, *p < 0.05, *p < 0.01, *+0.001, *+p < 0.0001, *+=p < 0.00001.
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Fig. 3 - Results of repeated-measure ANOVA comparing
carabids (numbers of species, A), arachnids (numbers of
individuals, B) and myriapods-isopods (numbers of species,
C) trapped under two levels of OPENNESS and GAME in the
Milovicky Wood. Log-transformed mean numbers per trap
and period with associated 0.95 confidence intervals are
shown. See Table 2 for associated statistics.

Trichoncus affinis). Practically all relic arachnids inclined to-
wards sparse stands, except for two species, M. pseudocollinus
and Scotina celans. On the second axis, relic spiders such as
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Fig. 4 - Summed numbers of individuals of carabids,
arachnids and myriapods-isopods, trapped under four
different combinations of OPENNESS and GAME and
belonging to four habitat quality categories. Note that the
combinations differed in representation of habitat
association categories of carabids and arachnids, but not
myriapods-isopods.

Ozyptila brevipes and Xysticus robustus displayed a preference
for game, whereas such relic species as Ozyptila blackwalli
and S. celans seemed to avoid high game density.

For myriapods-isopods (Fig. 5c), species associated with
sparse stands included the relic chilopod Stenotaenia linearis
and relic diplopods Cylindroiulus arborum and Craspedosoma
transsilvanicum. A majority of species associated with dense
stands were widespread adaptive species (e.g. Ligidium hypno-
rum, Unciger transsilvanicus and Leptoiulus proximus), excep-
tions being the xerophilous millipede Brachyiulus bagnalli.
The relic species Lithobius lucifugus was captured only in two
individuals, always with game.
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Table 3 - CCA analyses ordering the species composition of pitfall catches of epigeic invertebrates in the Milovicky Wood

Model* Carabids Arachnids Myriapods-isopods
Eigr %1 p Eigan %an P Eigt %1 p  Eigan %an P Eigs %1 p  Eigan %an P

~GAME 0.082 1.49 # 0.079 0.90 ** 0.047 0.69 n.s.

~OPENNESS 0.078 1.46 *x 0.115 1.30 * 0.085 1.24

~OPENNESS + GAME 0.086 1.57 =+ 0.158 2.88 =+ 0.115 1.30 =+ 0.194 2.20 =+ 0.094 1.75 #*+ 0.12 175 =

~GAME | OPENNESS 0.080 1.38 = 0.079 0.91 = 0.035 0.52 n.s.

~OPENNESS | GAME 0.076 1.42 #+ 0.115 1.32 = 0.073 1.07 *=

STANDP 0.090 1.64 =+ 0.243 442 » - - = = - =

SPATIALS 0.149 2.71 =+ 0.175 3.19 #=+ 0.100 1.14 = - - - - - -

~OPENNESS | STAND 0.030 0.57 n.s 0.047 0.55 n.s 0.039 0.59 n.s

~OPENNESS| SPATIAL 0.076 1.43 # 0.101 1.16 = - - -

~OPENNESS | STAND + SPATIAL 0.022 0.43 n.s 0.044 0.52 ns - - -

~GAME | STAND 0.061 1.16 #*+ 0.077 0.90 #= 0.032 048 n.s

~GAME | SPATIAL 0.040 0.75 = 0.080 0.92 * - - -

~GAME | STAND + SPATIAL 0.020 0.39 n.s 0.055 0.65 n.s - - -

~OPENNESS + GAME | STAND 0.061 1.16 == 0.091 1.73 == 0.079 0.92 = 0.118 1.38 = 0.046 0.69 n.s. 0.071 1.06 n.s

~OPENNESS + GAME | SPATIAL  0.080 1.50 * 0.110 2.07 #*+ 0.110 1.26 * 0.154 1.77 #= - - - - - -

~OPENNESS + GAME | 0.028 0.55 n.s. 0.042 0.82 n.s. 0.059 0.69 n.s. 0.095 1.11 n.s. - - - - - -

STAND + SPATIAL

Eig, - eigenvalue of the first ordination axis; Eig,; — sum of all canonical eigenvalues; %; and %.n — percentage variation in species data

accounted for by first and all ordination axes, respectively.

p — assessed via Monte-Carlo permutation tests: n.s. p > 0.05, *p < 0.05; *p < 0.01; *+p < 0.001.

a Model terms following ~ are explanatory variables, those following | are covariables.

b Obtained via a forward selection from variables describing each trap. Carabids ~ canopy cover + shrub cover + cover of grasses + Acer cam-
pestre (tree) + A. campestre (shrub); Arachnids ~ canopy cover + Lonicera sp. (shrub); Myriapods-isopods: ~ shrub cover + Populus tremula (tree).

c Obtained via a forward selection from variables describing spatial position of each trap. Carabids: ~y +y? Arachnids: ~ x; Myriapods and
isopods: no model selected.
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Fig. 5 - CCA ordinations of species composition of pitfall catches of carabids (A), arachnids (B) and myriapods-isopods (C)
from the Milovicky Wood - models with GAME and OPENNESS as explanatory variables (~GAME + OPENNESS). Positions of all
species are shown, different symbols stand for relic (filled circles), adaptive (filled triangles) and eurytopic (X-crosses) species.
Abbreviations of species names are given for relic species and other species mentioned in the text.

Canopy and shrub covers were the strongest STAND pre-
dictors, entering the models for carabids (both) and arachnids
(canopy cover) and arachnids and myriapods-isopods (shrub
cover) (Table 3). The importance of canopy and shrub covers
is also apparent from the partial ordinations, as OPENNESS
lost its significance after treating the STAND predictors as
covariables in the ordinations. SPATIAL variables affected

only carabids and arachnids. However, in contrast to STAND
models, inclusion of SPATIAL covariables did not suppress
the significant effects of OPENNESS and GAME for carabids
and of OPENNESS for arachnids. It follows that for the species
composition of carabids and arachnids, OPENNESS remained
significant even after controlling for spatial positions of
sites.
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4, Discussion

Open and sparse stands within a European lowland decidu-
ous wood differ in richness and species composition of three
groups of epigeic invertebrates, and a majority of species con-
sidered as relic, and thus being of conservation concern, pre-
fers sparse stands. However, details of the patterns differ
among the three groups. Further differences among the
groups arose with respect to response to ungulate density.

Carabids reached highest species richness and abundance
in dense stands with game and in sparse stands without
game. However, whereas practically all the species occurring
in dense stands with game were widespread generalists
(=eurytopic species), the sparse-no game stands hosted a con-
siderable proportion of adaptive and relic species. In arach-
nids, sparse stands hosted higher numbers of individuals
and in addition, species of conservation concern avoided high
game densities. In myriapods-isopods, sparse stands hosted a
higher number of species.

4.1. Mechanisms

A likely mechanism for the high species richness of sparse
stands is the increased structural diversity, compared to
even-aged dense stands. The sparse stands contain mature
trees, scrub, tall and short herbaceous vegetation, and even
bare ground. They are likely more akin to highly heteroge-
neous old-growth than even eve-aged plantations (e.g., Latty
et al,, 2006). Niemela et al. (1996) showed, for boreal forests,
that forest ground invertebrates strongly respond to small
scale (10-15m) heterogeneity. Oxbrough et al. (2005, 2006)
documented the positive role of stand heterogeneity, includ-
ing open spaces, for woodland spiders in Britain. Grgic and
Kos (2005) reached similar conclusions for centipedes in
Slovenia. Heterogeneous woodland architecture also in-
creases the richness and density of herbivorous insects (e.g.,
Greatorex-Davies et al., 1993, 1994; Gittings et al., 2006), likely
enhancing the prey supply for predatory carabids, arachnids
and myriapods.

The role of prey supply is neatly illustrated by the high
richness and abundance of carabids in dense-game stands.
These catches mainly consisted of generalist small bodied-
predators, often encountered in shady stands (cf. de Warnaffe
and Lebrun, 2004) and likely attracted to the high density of
larvae developing in ungulate faeces. In contrast, catches
from sparse stands contained numerous carabids preying
on larger-bodied herbivorous insects (cf. Trautner, 1996).
Arachnids always displayed lower abundance in dense
stands. This was likely due to less developed herb and shrub
layers, because even many ‘epigeic’ spiders use herbs or
shrubs for hunting (e.g., Buchar, 1968). A good case were crab
spiders (Thomisidae) which included several relic species
(e.g., Ozyptila blackwalli, Xysticus lineatus), all inclining towards
sparse stands.

For the detritivorous diplopods and woodlice, the essential
resource is plant litter (Poser, 1990; Jabin et al., 2004; Jabin
et al.,, 2007; Topp et al., 2006). The more heterogeneous vege-
tation, the more diverse litter both in terms of amount and
composition (Koivula et al., 1999; Gongalsky et al., 2005). A
higher utilisation of rare litter types by detritophagous soil

fauna was documented experimentally (Seeber et al., 2006).
The consumption of plant material by ungulates necessarily
decreases litter amount and diversity.

4.2.  Management and conservation implications

The preference of a significant proportion of woodland epi-
geic fauna for sparse stands is consistent with the notion that
the recent biodiversity of lowland woods have been moulded
by centuries and millennia of traditional woodland use. It is
also consistent with the theories that natural woodlands of
temperate Europe would be sparser than recent close-canopy
high forests (Vera, 2000). What is routinely labelled as ‘wood-
land fauna’ in fact forms two rather distinct groups - a group
of species depending on sparse woodlands and a group of
species of dense, shady and humid stands. Indeed, these
two groups are sometimes distinguished in descriptive litera-
ture (cf. Buchar, 1983; Hurka, 1996) and even bear different
names in some national terminologies (e.g., ‘Hainarten’ vs.
‘Waldarten’ in German, translatable as ‘grove species’ and
‘forest species’). Decocq et al. (2004) reached a similar conclu-
sion for forest ground herbs. Gradual closing of lowlands for-
ests, brought about by the shift of modern forestry towards
growing even-aged high forests, is negatively affecting the
specialised epigeic fauna of sparse woodlands, while support-
ing species preferring, or tolerating, dense stands.

We are not aware of other quantitative studies illustrating
this pattern for epigeic invertebrates of lowlands of Central
Europe. In contrast, the importance of traditional manage-
ment for epigeic woodland invertebrates is increasingly
recognised from Southern Europe, e.g. from Spain (Taboada
et al., 2006) and Greece (Argyropoulou et al., 2005). Unlike in
more northerly areas, traditionally managed woodlands still
comprise considerable areas in Southern Europe (Grove and
Rackham, 2001) and the transition towards growing even-
aged stands is happening in recent years, so that currently
practising ecologists are personally witnessing the ensuing
biodiversity changes. In Central and Western Europe, the
main transition had occurred a century ago. It had been so
pervasive that at present, the coppiced panels in the Milov-
icky Wood, maintained to benefit deer, represent the only sub-
stantial areas of active coppices in the entire Czech Republic.

Educated in a paradigm of dense climax woodlands, many
Central European naturalists simply missed the connection
between increasing rarity of sparse woodlands insects (the
‘grove species’) and increasing woodland closure. Many
authors recognised that a considerable proportion of temper-
ate woodland biodiversity prefers edge habitats (e.g., carabids:
Magura, 2002; birds: Paquet et al., 2006), without addressing
the crucial issues where edge species would occur in pre-cul-
tural conditions and why would there be so many of them, gi-
ven that edge habitats are, by definition, smaller than core
habitats. This paradox is easily resolved by the assumption
that the core habitats of the past consisted of relatively sparse
stands.

A considerable proportion of our catches from sparse
stands also consisted of species classified as ‘thermophilous’
or ‘steppe specialist’ by Central European authors (e.g., spi-
ders Xysticus lineatus and Ozyptila scabricula, chilopod Stenotae-
nia linearis, diplopod Cylindroiulus arborum). Benes et al. (2006)
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observed a similar pattern for butterflies in the same wood.
Clearly, the recent dichotomy between woodland and grass-
land fauna is to a large extend artificial due to relatively re-
cent woodland closure. For centuries and millennia, the
lowland woodlands likely harboured more diversified condi-
tions, including grassland-like glades.

The negative impacts of ungulates on species richness and
the preferences of relic species might be disappointing for
colleagues advocating reestablishment of woodland grazing
as a restoration strategy for woodland habitats (e.g., Van
Wieren, 1995; Kirby, 2004). Grazing had traditionally accompa-
nied coppicing or alternated with it. However, compared to
the high game densities at our study sites, facilitated by sup-
plementary feeding (Benes et al.,, 2006), the densities of
domestic animals traditionally grazed in woodlands had been
rather low and seasonally varying. To use ungulates for open-
ing up woodlands, the densities would have to be consider-
ably lower than in recent intensive deer parks and
measures such as temporary fencing would have to be
applied.

In conclusion, restoring of traditional short-rotation cop-
picing (or coppicing with standards) would benefit relic epi-
geic invertebrates of European lowland woods. Generous
restoration measures seem to be necessary for conservation
areas, if they are to retain the biodiversity for which they were
established. This might locally suppress populations of some
of the species associated with dense stands, but this concern
is rather unsubstantiated, as even-aged high forests will still
be favoured by commercial forestry. The minimum-interven-
tion strategy now preferred for lowland woodland reserves is
probably impoverishing specialised relic fauna, and should be
urgently reconsidered in favour of traditional management
practices.

Key to species abbreviations (for Fig. 5)

Carabids: ABAPAL — Abax parallelepipedus (Piller & Mitterpach-
er, 1783); AMAANT - Amara anthobia A. et G. B. Villa, 1833; CA-
LINQ - Calosoma inquisitor (Linnaeus, 1758); CARCAN - Carabus
cancellatus Illiger, 1798; CARGRA - Carabus granulatus Linnaeus,
1758; CARULL - Carabus ullrichi Germar, 1824; CICCAM - Cicin-
dela campestris Linnaeus, 1758, HARAFF — Harpalus affinis (Sch-
rank 1781); HARPIC - Harpalus picipennis (Duftschmid, 1812);
LEIRUF - Leistus rufomarginatus (Duftschmid, 1812); NOTPUS -
Notiophilus pusillus G. R. Waterhouse, 1833; NOTRUF - Notiophi-
lus rufipes Curtis, 1829; PTEMEL — Pterostichus melanarius (Illiger
1798); PTEOBL - Pterostichus oblongopunctatus (Fabricius, 1787).

Arachnids: ATYPIC - Atypus piceus (Sulzer, 1776); CENSYL -
Centromerus sylvaticus (Blackwall, 1841); CERMAJ — Ceratinella
major Kulczynski, 1894; COETER - Coelotes terrestris (Wider,
1834); DRAPPUM - Drassyllus pumilus (C. L. Koch, 1839); DRAVIL
— Drassyllus villicus (Thorell, 1875); HARRUB — Harpactea rubi-
cunda (C. L. Koch, 1838); MEGPSE - Megalepthyphantes pseudocol-
linus Saaristo, 1997; NERCLA - Neriene clathrata (Sundevall,
1830); OZYBLA - Ozyptila blackwalli Simon, 1875; OZYBRE -
Ozyptila brevipes (Hahn, 1826); OZYSCA - Ozyptila scabricula
(Westring, 1851); SCOCEL — Scotina celans (Blackwall, 1841);
TRIAFF - Trichoncus affinis Kulczynski, 1894; XERMIN - Xerolyco-
sa miniata (C. L. Koch, 1834); XYSLAN - Xysticus lanio C. L. Koch,
1835; XYSLIN - Xysticus lineatus (Westring, 1851); XYSLUC -

Xysticus luctator L. Koch, 1870; XYSROB - Xysticus robustus
(Hahn, 1832).

Myriapods-isopods: BRABAG - Brachyiulus bagnalli (Brole-
mann, 1924); CRATRA - Craspedosoma transsylvanicum Ver-
hoeff, 1897; CYLARB - Cylindroiulus arborum Verhoeff, 1928;
GEOLIN - Geophilus linearis C. L. Koch, 1835; LEPRO - Leptoiulus
proximus (Nemec, 1896); LIGHYP - Ligidium hypnorum (Cuvier,
1792); LITLUC - Lithobius lucifugus L. Koch, 1862; UNCTRA -
Unciger transsilvanicus (Verhoeff, 1899).
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are wasting the conservation potential of post-mining sites. A case study of black coal spoil
dumps. Ecological Engineering, 43 (2012): 13—-18.

Ackoli druhotné biotopy vzniklé tézebni Cinnosti predstavuji témér 1 % plochy souse, stale
neni jejich vyznam pro uchovani biodiverzity pfislusnych oblasti dostatecné docenén.
Naopak se stale z hlediska vlivu na Zivotni prostfedi dostdvaji do popredi jejich negativa
(zvysena vétrna eroze, lokalni poskozeni Zivotniho prostredi tézkymi kovy a podobné) a jsou
za vynaloZeni nemalych financnich ¢astek rekultivovany tak, aby spliovaly predstavy
spolecnosti o uvedeni "poskozené" lokality do plivodniho stavu. Potézebni biotopy, jako jsou
skladky hlusiny, vysypky a jiné deponie, popilkovisté ¢i pfimo opusténé tézebni aredly,
nabizeji Sirokou $kdlu sukcesné mladych biotop(, které se jinak v recentni kulturni krajiné
vyskytuji jen zfidka a které jsou rekultivaci vesmés pravidelné zni¢eny a nahrazeny sterilnimi
unifikovanymi biotopy s minimem pridanych pfirodnich hodnot.

Studovali jsme biodiverzitu Sesti rdzné starych cernouhelnych hald na Kladensku.
Kladensko je oblasti s intenzivnim velkoploSnym zemédélstvim. Rovnéz je to oblast s velmi
hustym osidlenim a intenzivnim lesnim hospodafenim. Vsechny tyto jevy bohuzZel zplostuji
nabidku rozliénych biotopU, které v krajiné 19. stoleti zaru€ovaly preziti mnoha rostlinnych a
zZivocisnych specialistl. Srovnavany byly tfi jiz rekultivované vysypky a tfi vysypky pfirozené
zarUstajici vegetaci, pricemz vSechny byly lokalizovany v jedné malé oblasti.

Pro komplexni vyhodnoceni biodiverzity na jednotlivych vysypkach jsme zvolili
multitaxonomicky pristup, kde vedle strevlikovitych byla studovana spolecenstva cévnatych
rostlin, pavouk(l, orthopteroidniho hmyzu, herbivornich broukd, kfist, plostic a dennich
motyld a mUr. Pfi vyhodnocovani sloZeni spolecenstev jsme kladli dlraz na zjisténou
druhovou bohatost, ochranafskou hodnotu spolecenstev (dle Cerveného seznamu Ceské
republiky) a jejich vazby na xerotermni travniky a kfoviny. Stfevlikoviti a pavouci byli sbirani
pomoci zemnich pasti, dalsi skupiny bud smyky, nebo za pouziti dalSich metod (transekty,
fytocenologicky snimek) v roce 2008. Klasifikace stfevlikovitych dle HURkY et al. (1996) nebyla
v této studii pouzita, protoZe obdobnda klasifikace chybéla pro vyhodnoceni dalSich
sledovanych skupin rostlin a Zivocichu.

Vyhodnocenim vysledkl jsme na haldach zjistili prekvapivé velké zastoupeni ohrozenych
druhl z jednotlivych skupin. Druhové bohatsi spolecenstva prevainé vétsiny sledovanych
skupin byla zjisténa na nerekultivovanych plochach. Pouze spolecenstva kfis(i a herbivornich
brouk(l byla bohats$i na rekultivovanych plochach, coZz je zfejmé dano vyssi rostlinnou
biomasou na téchto plochach. Analyza ale ukdazala, Ze Zadna ze zkoumanych skupin pfi reflexi
jejich ochranarského statusu, respektive vazby na xerotermni trdvniky a kroviny,

v vev

nepreferovala jiz rekultivované haldy. Tézisté vyskytu hodnotnych spolecenstev na zakladé
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indikacnich druhl bylo bez vyjimky na nerekultivovanych haldach. Ukazuje se tak, Ze
rekultivace (pfisun zeminy s Zivinami a vysadba druhové mdlo bohatych travnikd a strom()
negativné ovliviiuje stdvajici hodnotnd spolecenstva a zplisobuje nejen fakticky druhovy
pokles, ale i vymizeni ochranarsky vyznamnych druh( rostlin a Zivocichd.

V pripadé spolecenstva strevlikovitych bylo na rekultivovanych plochdach zjisténo mensi
mnozZstvi druh(. Viechny tii ohrozené druhy vedené na Cerveném seznamu Ceské republiky
byly zjiStény pouze na nerekultivovanych plochach ponechanych pfirozené sukcesi.
Nerekultivované plochy taktéz signifikantné preferovaly druhy asociované s teplomilnymi
travniky a kfovinami.

Hodnota kladenskych hald jako potencialné velmi dulezZitych stanovist pro uchovani
biodiverzity byla vyhodnocena na zdkladé robustnich dat analyzou spolelenstev nejen
strevlikovitych. Haldy jsou ve své oblasti stale velmi dilezitym Gtocistém ohroZenych druht
plvodné pestrejSi zemédélské krajiny, a to presto, Ze v jejich okoli se vyskytuje jen minimum
stdtem chranénych lokalit jako moZnych center Sifeni ohroZzenych druhi. Pfitomnost
bohatych spolecenstev bezobratlych a rostlin zde tak nasvédéuje dlouhodobé existenci
téchto spolecenstev na haldach, které jsou mnohdy nékolik desitek let staré. Kladenské
haldy jsou vsSak pod stalym tlakem k provadeéni rekultivaci, které velmi ohrozuji jejich
soucasnou funkci v zachovani ptirodniho dédictvi v této oblasti.
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Despite the increasing evidence that post-mining sites often provide biodiversity refuges in anthropogeni-
cally impacted landscapes, thus offering valuable analogues of natural habitats, technocratic methods still
prevail over natural processes in restoration practice. Selection of the restoration approach, however, cru-
cially affects the future conservation value of every site. As a contribution to recent debates, we studied the
communities of vascular plants and seven arthropod groups (orthopteroids, spiders, leafhoppers, ground
beetles, herbivorous beetles, true bugs, and butterflies and moths) colonising technically reclaimed versus
spontaneously developed plots on black coal spoil dumps in the Kladno district, Czech Republic. In all stud-
ied groups, spontaneously developed sites hosted a high proportion of species of conservation concern,
which were nearly absent from the technically reclaimed plots. Combined with existing single-taxon
studies of diverse post-mining sites, and our previous similarly broad study of limestone quarries, our
results provide strong evidence of the counterproductivity of costly technical reclamations of postindus-
trial sites with respect to biodiversity conservation. Relevant legislation should favour natural processes
over technical reclamation when deciding the fates of post-mining localities. Technical reclamation should
be reserved just for those cases of well-justified public concerns.
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1. Introduction 2009; Lundholm and Richardson, 2010), thus providing refuge

and/or compensatory habitats for species that are rapidly declin-

Post-mining sites, an unavoidable consequence of the min-
ing industry, cover almost 1% of the world’s land (Walker, 1992)
and represent important land forms in many regions. Recently,
it has been repeatedly documented that their dry, rugged and
often sparsely vegetated surfaces often host endangered species
of declining unproductive and/or periodically disturbed biotopes
(e.g., Schulz and Wiegleb, 2000; Benes et al., 2003; Krauss et al.,

* Corresponding author at: Institute of Entomology, Biology Centre, Czech
Academy of Sciences, Branisovska 31, CZ-370 05 Ceske Budejovice, Czech Republic.
Tel.: +420 387775030; fax: +420 389022263.

E-mail addresses: robert.tropek@gmail.com (R. Tropek), lepidopter@seznam.cz
(T. Kadlec), hejda@ibot.cas.cz (M. Hejda), petr.kocarek@osu.cz (P. Kocarek),
jirislavskuhrovec@gmail.com (J. Skuhrovec), imalenovsky@mzm.cz
(I. Malenovsky), vodka.stepan@atlas.cz (S. Vodka), spitzerl@yahoo.com (L. Spitzer),
PetrBanar@seznam.cz (P. Banar), konva333@gmail.com (M. Konvicka).

0925-8574/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.ecoleng.2011.10.010

ing from modern landscapes (Thomas et al., 1994; Dennis et al.,
2004).0On the other hand, the conservation potential of post-mining
sites depends on their fate after the mining has been terminated
(Prachand Hobbs, 2008; Tropek et al.,2010). The two most common
contrasting approaches are (1) technical reclamation, typically com-
prising of covering the sites with fertile topsoil, sowing grass—-herb
mixtures and planting trees; and (2) spontaneous succession with-
out any human intervention. Still rarely used is directed succession,
when natural processes are actively influenced; e.g., through sup-
port of conservation-desired plants (by sowing or species-rich hay
transferring), or suppressing invasive plants (Rydgren et al., 2010;
Novak and Prach, 2010; Richardson et al., 2010).

Several recent papers, based on single-taxa (Hodacova and
Prach, 2003; Holec and Frouz, 2005; Mudrak et al., 2010) and a
broad multi-taxa study (Tropek et al., 2010), revealed that tech-
nical reclamation is both counterproductive for biodiversity, and

<<57>>



14 R. Tropek et al. / Ecological Engineering 43 (2012) 13-18

economically costly. Simultaneously, the strongly positive effects
of spontaneous and directed succession in diverse post-mining
sites have been repeatedly showed (e.g., Bradshaw, 1997; Prach and
Pysek, 2001; Wiegleb and Felinks, 2001; Benes et al., 2003). Despite
this, the technical reclamations still prevail overwhelmingly (Prach
and Hobbs, 2008; Prach et al., 2011), whereas non-technical
restoration practices remain discouraged by national environmen-
tal laws (e.g., Schulz and Wiegleb, 2000; Prach and Hobbs, 2008;
Prach et al., 2011). This situation is increasingly criticised by both
non-governmental conservation groups and academia, advocating
that it is both ethical and scientifically wiser to utilise the biodi-
versity conservation potential of once-exploited and subsequently
abandoned localities (e.g., Rosenzweig, 2003; Prach et al., 2011;
Tropek and Konvicka, 2011).

In this study, we compare the biodiversity conservation bene-
fits of technical restoration versus spontaneous succession of black
coal spoil dumps (after bituminous coal mining), a post-mining
land form little appreciated in the conservation literature, using
vascular plants and seven arthropod taxa. Our approach closely fol-
lows our previous study of limestone quarries (Tropek et al., 2010).
Taken together, these studies should provide robust arguments for
the ongoing legislative debates on the restoration of post-mining
localities, and the utilisation of their conservation potential.

2. Methods
2.1. Study area

The study was carried out in the Kladno district, Central
Bohemia, Czech Republic. It is a hilly, mildly warm and relatively
dry (250-400 m a.s.l.; mean annual temperatures: 7-8.7 °C; annual
precipitation: 450-500 mm) region covered by intensive farm-
lands, plantation forests, historically industrial (coal and steel)
towns, and brownfields. The intensive land use and high degree
of urbanisation (population density: 220 persons/km?) resulted in
severe degradation of natural habitats. The region thus represents
many industry-dominated regions of Europe.

Until the 1990s, when the mines were closed, the Kladno district
ranked among the most important black (bituminous) coal mining
areas in the Czech Republic. As a side effect of the mining, 37 spoil
dumps, forming either hills or hillsides, are scattered in a 100 km?
area. Little reclamation was carried out in the past, but the recent
closures are generating pressure for rapid technical reclamation of
these localities. As a consequence, the majority of them are now
partly reclaimed or technical reclamation is planned in the near
future, mainly by a fertile topsoil covering supplemented by com-
mercial grass-herb mixture sowing and/or trees planting. Only a
few spoil dumps still stay abandoned for spontaneous succession
outside these pressures.

2.2. Taxonomic groups and species categorisation

We targeted vascular plants, and seven arthropod taxa:
orthopteroids (Orthoptera, Dermaptera, and Blattodea), spi-
ders (Araneae), leafhoppers (Auchenorrhyncha), ground beetles
(Coleoptera: Carabidae), herbivorous beetles (Coleoptera: Api-
onidae, Curculionidae, Dryophthoridae, Elateridae, Rhynchitidae),
true bugs (Heteroptera), and day-active butterflies and moths
(Lepidoptera) (see Appendix A for nomenclature references). The
studied arthropods cover a broad diversity of life history features
representing terrestrial invertebrates in general.

Besides species richness, we analysed the conservation value of
the communities, based on the Czech Republic red lists (plants:
Prochazka, 2001; arthropods: Farkac et al., 2005) distinguishing

six ranked threat categories (EX - considered as extinct in the
Czech Republic; CR - critically endangered; EN - endangered; VU
- vulnerable; NT - near threatened; and LI - low interest, not
threatened), and the xeric specialisation of the communities, accord-
ing to the species’ requirements for xeric habitats, distinguishing
three ranked categories (ST - restricted to well-preserved xeric
grasslands; XE - common Xerothermophilous species; and GE -
widespread generalists or species of non-xeric habitats). Appendix
A lists these categories (including references) for all recorded
species.

2.3. Data sampling

We targeted open habitats as one of the most endangered habi-
tats in Europe (WallisDeVries et al., 2002; Cremene et al., 2005).
Only three spoil dumps in the area contained larger (>0.2ha)
treeless parts, not affected by any technical reclamation uses for
>20 years, appropriate as non-reclaimed treatments in this study.
For comparison, three treeless plots of similar age reclaimed by
topsoil covering and grass-herb mixture sowing were chosen.
Summarizing, six study plots (ca 0.2-0.3 ha) were established,
three technically reclaimed and three left to spontaneous succes-
sion, within five black coal spoil dumps (Table 1). Two differently
restored plots were situated in the same spoil dump, the other ones
were established in distinct spoil dumps. The minimum (Prago
Tragy and Ronna) and maximum (Max and Theodor) distances
between the studied spoil dumps were 1.3 and 6.1 km, respectively.

We closely followed the sampling protocol used by Tropek et al.
(2010), including the numbers of samples taken the season, to
achieve as high as possible comparability between the two types
(black coal spoil dumps and limestone quarries) of post-mining
sites. In the center of each plot, a line of five 3 m x 3 m quadrates,
situated 2 m apart, was established. Within each quadrate, the per-
centage cover of all vascular plant species was estimated in June
2008. Arthropods were sampled using a standardized pit-fall trap
(diameter 9 cm, depth 15 cm, containing 5% formaldehyde) per a
quadrate, exposed from 7 May to 19 August 2008 and emptied
four times during the study period, at approximately four-week
intervals. The entire vegetation within each quadrate was swept
on each day of the traps emptying and all arthropods were killed
and preserved. The pitfall and sweeping material were sorted to
target taxa and identified as to species. Butterflies and moths were
recorded on two intersecting linear transects per plot (50 m/5 min;
Kadlec et al., in press). Each transect was walked five times dur-
ing the study season (7-8 May, 6 June, 2-4 July, 28-29 July, 19
August), between 9:30 and 16:30 CEST and under suitable weather
conditions (>17 °C, sunny, no wind).

2.4. Statistical analyses

All analyses were computed in Canoco for Windows 4.5 (ter
Braak and Smilauer, 2002). To compare species richness, conser-
vation value and xeric specialisation between the two restoration
methods (METHOD: reclamation vs. succession), a redundancy
analysis (RDA) with Monte-Carlo significance testing (999 permu-
tations, full model) was used. For species richness, the response
variables were the numbers of species in the eight studied taxa,
summed per plot. For conservation value and xeric specialisation, we
weighted the numbers of individuals of all species in each taxon,
recorded per plot, by the ranked values denoting the respective
species’ red-list status (EX-5; CR-4; EN-3; VU -2; NT-1; LI -
0) and xeric specialisation (ST - 2; XE - 1; GE - 0). Orthopteroids
and vascular plants, containing none and a single red-listed species,
respectively, were excluded from the conservation value analyses.
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Table 1
Characterisation of individual study plots.

15

Spoil dump Restoration method Coordinates Age (years)? Species® Red-listed species® Specialised speciesd
Max Reclamation 50°09'27"N, 14°03'28"E 36 169 2 11
Mayrau - R Reclamation 50°09'48"N, 14°04'59"E 35 216 4 11
Mayrau - S Succession 50°09'46"N, 14°04'53"E 35 203 11 19
Prago Tragy Reclamation 50°09'57"N, 14°07'36"E 20 121 0 6
Ronna Succession 50°10'40"N, 14°06'57"E 26 200 6 17
Theodor Succession 50°10'56"N, 14°08'09"E 73 202 16 32

2 Age refers to the cessation of dumping.
b Total number of all recorded species of the target groups.

¢ Total number of all recorded species included in the national red lists (Prochazka, 2001; Farkac et al., 2005)

d

Canonical correspondence analysis (CCA) was used to test the
effects of restoration METHOD on the species compositions of sam-
ples. We used square-root transformation and downweighting of
rare species options. For all taxa except vascular plants and butter-
flies and moths, the pitfall-trapped and swept material from each
quadrate and visit were combined to form a sample. The Monte-
Carlo permutation test (999 runs, full model) design reflected the
spatiotemporal arrangements of the samples: quadrates were per-
muted as line transects and visits as time series. For butterflies
and moths, the two transects per plot were permuted as freely
exchangeable within each visit. For vascular plants, only the lines
of quadrates formed the permutation design. Because these per-
mutation designs do not allow for empty cells, we added a fictional
species with abundance =1 to each sample (cf. Leps and Smilauer,
2003).

3. Results

We recorded 93 species of vascular plants, 728 individuals/19
species of orthopteroids, 1780/100 spiders, 930/59 leafhoppers,
1379/68 ground beetles, 461/56 herbivorous beetles, 828/78 true
bugs, and 472/49 butterflies and moths. Out of the 522 recorded
species, 26 (~5% of the total) are included on the national red-lists
and 52 (~10% of the total) are considered as specialists of well-
preserved xeric grasslands or forest steppes (see Appendix A). Total
numbers of all, red-listed and xeric grassland specialised species
per individual studied plots are summarized in Table 1.

The species richness (Fig. 1a) of the spontaneously developed
plots was considerably higher for orthopteroids and true bugs,
slightly higher for butterflies and moths, spiders, vascular plants,
and ground beetles, and slightly lower for leafhoppers and herbiv-
orous beetles (1st axis variation=33.3%, F=1.996, p=0.001). The
conservation value (Fig. 1b) of all studied groups was higher in the
spontaneously developed plots: considerably higher for leafhop-
pers and butterflies and moths, and slightly higher for herbivorous
beetles, true bugs, ground beetles, and spiders (1st axis varia-
tion=43.1%, F=2.269, p=0.001). Similarly, the xeric specialisation
(Fig. 1c) of almost all targeted groups was higher in the sponta-
neously developed plots: considerably higher for spiders, true bugs,
orthopteroids and herbivorous and ground beetles, while no visible
effects for leafhoppers and butterflies and moths were found (1st
axis variation=39.2%, F=2.581, p=0.001). Therefore, all the anal-
yses pointed to negative impacts of technical reclamation, while
none of them revealed any negative impact of spontaneous succes-
sion, on species richness, conservation value or xeric specialisation.

The CCA analyses revealed significant effects of the restoration
METHOD on community compositions of all sampled taxa (Table 2).
Species of conservation concern (red-listed and xeric specialists
combined) preferred spontaneous succession to technical reclama-
tion (Fig. 2). Appendix A presents individual species responses as
1st axis scores.

Total number of all recorded species specialised to well-preserved xeric grasslands (see Appendix A for details).
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Fig. 1. Results of RDA ordination comparing differently restored black coal spoil
dumps. (a) Species richness (number of species per plot); (b) conservation value (indi-
viduals recorded per plot weighted by their ranked red-list status); and (c) xeric
specialisation (individuals recorded per plot weighted by ranked degree of xeric
habitats requirements).
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Fig. 2. CCA diagrams showing the relationships of vascular plants and seven studied arthropod groups to the restoration METHOD. Only species with the highest fits to
the ordination models (>4%) are visualised. The symbols distinguish red-listed species (red diamonds), non red-listed species restricted to well-preserved xeric grasslands
(green triangles), common xerothermophilous species (blue stars) and generalists plus species of non-xeric habitats (black crosses). See Table 2 for associated statistics and

Appendix A for individual species’ 1st axis ordination scores.

4. Discussion

In the heavily industrialised and agricultural Kladno district, a
relatively high proportion of species colonising black coal spoil
dumps are either nationally threatened, or represent Xeric habi-
tat specialists (see Table 1 and Appendix A). This illustrates a
high conservation value of these land forms in the biologically
depauperate landscape. Further, none of the studied groups of
vascular plants and arthropods responded positively to techni-
cal reclamation, documenting that technical reclamation decreases
the conservation value. Only leafhoppers and herbivorous beetles

displayed slightly higher species richness in technically reclaimed
plots, but threatened and Xeric specialist representatives of these
groups still inclined towards spontaneous succession, and the
species traits such as rarity or decline should be primarily con-
sidered in conservation prioritisation (Thomas et al., 1994; Tropek
et al., 2008).

We interpret our results by the starkly contrasting impact
of the two restoration methods on the resulting habitats struc-
ture. Covering sites by fertile soil diminishes microtopographic
heterogeneity and increases nutrients, as was shown in Tropek
et al. (2010) in detail. These conditions disfavour stress-tolerant
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Table 2
Results of the canonical correspondence analyses (CCA) of the restoration METHOD
impact on the community composition of the studied taxa.

Istaxis F 1st axis eigenvalue % Explained variation?

Orthopteroids 173" 0.33 12.8
Vascular plants 4.0 0.51 12.6
Spiders 14.8" 0.47 11.1
Leafhoppers 1137 0.35 8.8
Ground beetles 103" 0.37 8.0
Herbivorous beetles 6.9 0.24 5.5
True bugs 6.7" 0.31 5.4
Butterflies and moths ~ 3.17" 0.22 5.0

2 The variation in species data explained by the first ordination axis.
" P<0.001.

slowly growing plants, including rare xerothermophilous species
(Prach et al., 1999), and this is further augmented by sowing mix-
tures of well-establishing competitive species. Following these
arguments, we interpret the general negative response of vascular
plants to technical reclamation in all analyses, consistently with
the previous studies of limestone quarries (Tropek et al., 2010)
and lignite spoil dumps (Hodacova and Prach, 2003; Mudrak et al.,
2010).

The responses of prevailingly herbivorous arthropods (i.e.,
orthopteroids, leafhoppers, herbivorous beetles, true bugs, and
butterflies and moths) are more complicated. The general pref-
erence of the red-listed species to spontaneous succession is
consistent across all groups and corroborates the findings by
Tropek et al. (2010). It could be easily attributed to the higher
microhabitat heterogeneity of the spontaneously restored plots
(e.g., Haddad et al., 2001; Tropek et al., 2010), and perhaps to
a dependency of many endangered herbivores on stress-tolerant
plants, many of which are declining (e.g., Dennis et al., 2004).

In terms of species richness, the technically restored plots
hosted slightly richer communities of leafhoppers and herbivo-
rous beetles. This pattern could be partly due to relatively low
total species richness of the studied groups on the dumps, with
a high proportion of the common generalists. Herbivorous gen-
eralists rarely appreciate the higher habitat heterogeneity of the
spontaneously restored sites, preferring the higher productivity of
technically reclaimed ones (Huston, 1979; Haddad et al., 2001). We
also found no difference between leafhoppers and butterflies and
moths communities, with regard to the restoration methods, in
xeric specialisation. As the most specialised species of well pre-
served xeric grasslands preferred the spontaneously restored plots
(Fig. 2), we explain this by non-significant patterns in less spe-
cialised xerothermophilous species. Xeric specialisation of these
groups did not differ between restoration methods also in lime-
stone quarries (Tropek et al.,2010) which would be caused by some
unrevealed more general traits. Still, the overwhelming majority
of individuals of highly specialised and/or endangered species pre-
ferred the spontaneous succession both in this study (Fig. 2) and in
our previous study of limestone quarries (Tropek et al., 2010).

The communities of both prevailingly carnivorous groups (i.e.,
spiders and ground beetles) have positive affinities to the spon-
taneously restored plots in all analyses. While these results are
in concordance with the limestone quarries study (Tropek et al.,
2010) in case of spiders, ground beetles exhibited no significant
response in the previous study. We interpret it by a higher propor-
tion of the endangered and/or highly specialised ground beetles
recorded on the black coal spoil dumps than in the quarries. As a
rule, more specialised species of both groups require richly struc-
tured environments, provided by spontaneous succession but not
by technical reclamation, which replaces structural diversity by

uniformity (Prach and Hobbs, 2008; Mudrak et al., 2010; Tropek
et al.,, 2010).

The evidence that black coal spoil dumps left to spontaneous
succession offer great conservation potential thus corroborates
our earlier multi-taxa study of limestone quarries (Tropek et al.,
2010). While the limestone quarries study targeted a protected
area, where colonisation by endangered species from arich regional
species pool was expected, the present study originated from an
anthropically impoverished region with very few natural habi-
tats. Both studies and multiple single-taxa comparisons of lignite
spoil dumps (Hodacova and Prach, 2003; Holec and Frouz, 2005;
Mudrak et al., 2010) document that in increasingly homogenised
landscapes, post-mining features left to spontaneous succession
provide surrogate habitats for sensitive and declining specialists
(reviewed in Lundholm and Richardson, 2010).

Spontaneous vegetation succession in post-mining sites is
remarkably slower, creating heterogeneous mosaics of microhab-
itats such as open rocks, sparse grasslands and xeric scrubs (e.g.,
Wheater and Cullen, 1997; Prach and Pysek, 2001; Tropek et al.,
2010). This heterogeneity is crucial for the coexistence of multi-
ple species, whose original environments, such as riverine gravel
beds, landslides or nutrient-poor grasslands, have declined across
Europe (e.g., Benes et al., 2003; Schulz and Wiegleb, 2000; Wenzel
et al., 2006). The conservation value of spontaneously vegetated
sites can be further augmented by such cheap interventions as
sowing of conservation-desired plants from nearby natural habi-
tats, and/or suppression of invasive and/or strongly competitive
plants (Novak and Prach, 2010; Richardson et al., 2010). It follows
that technical interventions such as levelling off sites, import-
ing topsoil and sowing/planting fast growing plants should be
avoided as hostile for biodiversity unless other public concerns
(e.g., erosion risks, acid rock drainage, stream sedimentation, toxin
leaks, public safety issues) outweigh it (Benes et al., 2003; Prach
and Hobbs, 2008; Tropek et al., 2010). Admittedly, the available
evidence mainly originates from densely populated temperate
regions, where homogenisation of once-diverse land uses, rather
than direct habitat loss, represents the greatest threat to biodi-
versity (e.g., Reif et al., 2009; Ekroos et al., 2010). The restoration
goals might differ, e.g., in forested regions, where mining causes
rapid attrition of otherwise intact land covers. Research on the con-
servation efficiency of various restoration methods from diverse
regions is hence much needed. Still, we suppose that post-mining
sites might offer valuable habitat surrogates in such long-cultivated
regions as temperate and subtropical Asia, or regions with Mediter-
ranean climate, where the biodiversity also long coexisted with
traditional land use patterns (cf. Grove and Rackham, 2001; Katoh
et al., 2009).

Even in temperate Europe, however, a strong discrepancy
between the rapidly advancing knowledge and practical routines
still exists. For reasons discussed elsewhere (Prach and Hobbs,
2008; Tropek et al., 2010; Lundholm and Richardson, 2010; Tropek
and Konvicka, 2011), many national legislations strongly favour
technical reclamation. No post-mining site is formally reserved for
natural processes in the Czech Republic (Prach et al., 2011); only
15% of each mining region is reserved for spontaneous succession
in Germany (Schulz and Wiegleb, 2000); and the situation is likely
to be similar elsewhere (e.g., Ursic et al., 1997; Carrick and Kruger,
2007).

In summary, the conservation potential of post-mining sites,
the low cost of directed successional processes, and the moral
imperative to slow down the biodiversity decline all advocate
for replacement of costly reclamation schemes by sponta-
neous succession processes wherever possible. At present, the
necessary legal changes are being intensively discussed, and
we hope that our results will strengthen the endeavours
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towards the more biologically benign restoration of post-mining
sites.
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Petr Banar, Ivan H. Tuf, Martin Hejda & Martin Konvicka (2010): Spontaneous succession in
limestone quarries as an effective restoration tool for endangered arthropods and plants.
Journal of Applied Ecology 2010, 47, 139-147.

Cinné a opusténé lomy predstavuji stejné jako dalsi téZebni prostory a doprovodné biotopy
(vysypky, popilkovisté a dalsi) velmi hodnotné biotopy a lokalni centra biodiverzity.
Vzhledem k intenzifikaci zemédélstvi, zalesfiovani a urbanizaci mizi z krajiny velkou rychlosti
srovnatelné prirozené biotopy. Kamenolomy, zde vapencové lomy, navic vétSinou
predstavuji kontinudini stanovisté predchozich biotopu s velkou nabidkou kamenitych, spore
vegetacné krytych stanovist s nedostatecné vyvinutym, Zivinami chudym pidnim profilem.
Po ukonceni tézby jsou vsak i lomy pod velkym rekultivacnim tlakem, ktery dle mnoha studii
usti v ochuzeni spolecenstev rostlin a Zivocich(, které zde nachdazeji ndhradni Zivotni prostor.

V této studii jsme zkoumali spolecenstva vapencovych loma v Ceském krasu kvali
srovnani ochranarského vyznamu a potencidlu ploch ponechanych spontanni sukcesi a ploch
technicky rekultivovanych. V této oblasti jsme vybrali sedm lom(, pfi¢emz v ramci tfi lomu
byly sledovany plochy rekultivované a plochy ponechané samovolné sukcesi. Vzhledem
k tomu, Ze ve zbyvajicich ¢tyfech lomech nebyl dostatek vhodnych biotopl obou typu, byly
sdruzeny podle prevladajiciho charakteru do navzajem srovnatelnych dvojic. Celkem bylo
tedy porovndavano pét dvojic rekultivovanych a sukcesi ponechanych ploch.

Zaméfili jsme se mimo stfevlikovitych na studium spolecenstev cévnatych rostlin a
nékolika vybranych skupin bezobratlych ZivoCich(l: pavoukl (Araneae), krisG
(Auchenorrhyncha), 3$vab( (Blattodea), stonoZzek (Chilopoda), Skvor( (Dermaptera),
mnohonoZek (Diplopoda), dennich motyld a ve dne aktivnich mlr (Lepidoptera), plostic
(Heteroptera), stejnonozcl (Isopoda: Oniscidea), sekacl (Opiliones) a rovnoktidlych
(Orthoptera). Materidl jsme sbirali pomoci zemnich pasti v pfipadé skupin s prevdiné
epigeickou aktivitou, kvantitativnimi smyky, standardizovanym transektovym séitanim a
v pfipadé cévnatych rostlin pomoci fytocenologickych snimkd. K vyhodnoceni ochranarské
kvality spolecenstev jsme poufZili stejnd kritéria jako v prfedchozi studii.

Celkové jsme zaznamenali 692 druhU sledovanych skupin, s podstatnym podilem druht
vedenych na cervenych seznamech (10 %) a druh( asociovanych s teplomilnymi travniky a
kifovinami (14 %).

Na rozdil od predchozi studie jsme zjistili vétsi rozdily v preferencich jednotlivych
zkoumanych skupin. Pouze v pfipadé dennich motyl( a pfes den aktivnich mur bylo zjisténo
signifikantné vice druh(l na nerekultivovanych plochdch. Rozdily v druhové diverzité mezi
rekultivovanymi a nerekultivovanymi plochami zbyvajicich skupin nebyly signifikantné
vyznamné. Po zohlednéni ochranarského statusu druhl zkoumanych spolecenstev bylo
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zjisténo, Ze kvalitnéjsi spolecenstvo z pohledu uchovani biodiverzity péti skupin bylo
asociovano s nerekultivovanymi plochami. Spolecenstva strevlikovitych a kfistl nevykazovala
rozdil podle typu plochy. Ani pti zohlednéni vazby druh(i na teplomilné travniky a kfoviny
nejevili strevlikoviti a dalSi dvé skupiny preferenci, na rozdil od ostatnich, k typu plochy.
Ordinacni analyzy tedy odhalily vyraznou afinitu vétSiny ochranarsky vyznamnych druh
zkoumanych skupin k plocham ponechanym spontanni sukcesi. Vyjimkou jsou pouze
stfevlikoviti, u kterych oba dva zjisténé druhy vedené na cerveném seznamu preferuji
rekultivované plochy. V pfipadé stejnonozcl nebyla analyza prikazna.

Pouzitda metodika sbéru, zde zemni pasti, pfi sbéru strevlikovitych v kamenitych lomech
tak nepfinesla vysledky konzistentni s ostatnimi skupinami bezobratlych a rostlin. Prestoze
prirozené sukcesi ponechané plochy s fidkou sporou vegetaci by mohly predstavovat vhodny
biotop pro ohrozené druhy, nebyly tyto druhy do pasti zachyceny. JelikoZ byly pasti umistény
v centrdlnich plochach s holym kamenitym substratem, je mozné Ze pravé nedostatek volné
pudy, potravy a vice zapojenych okrskl vegetace v kombinaci s adaptacemi specializovanych
druhl k pohybu na kamenitém substratu (tyto druhy jsou obtizné zachytitelné pouzitymi
pastmi) zpUsobily jejich absenci v odebraném materidlu. Druhy vedené na Cerveném
seznamu tak preferovaly prostredi rekultivovanych ¢asti lom0, kde se zrejmé vazaly na

"nedokonalosti" provedené rekultivace, kde mnohdy eroze a mistni podminky zapficinily
nedokonale vyvinutou vysetou vegetaci s pretrvavajici holou pldou.

Pfesto Zadna sledovana skupina signifikantné nepreferovala pfi zohlednéni specializaci a
ochranarského statusu rekultivované plochy proti plochdm ponechanym samovolné sukcesi.
PFi pouZiti pouze skupiny strevlikovitych v podminkdach kamenolomu by tak nebyl spravné
vyhodnocen ochranarsky potencial téchto biotop(, ktery by byl indiferentni. Nutné bylo tedy
pouziti i dalSich skupin, zvlasté v kombinaci s béZinymi metodami l|épe zachycujicimi
specializovanéjsi ohrozené druhy v jednotlivych skupinach.

Dle nasich zavér(, rekultivace primo likviduji mikrobiotopy, diky nimz jsou lomy dulezité
pro uchovani biodiverzity jako nahradni biotopy v recentni béiné zemédélské krajiné.
Rekultivace jsou vZdy spojeny s Upravou terénu navezenim zeminy a vysadbou stromU. Toto
mUze byt ¢astecné vyuzito jako Zivotni prostor i pro ¢ast ohrozenych druh( (zde stievlikoviti),
znicen je vSak biotop pro vétsinu v nasi studii zjiSténych ohroZzenych druhu.
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Summary

1. The view of post-mining sites is rapidly changing among ecologists and conservationists, as
sensitive restoration using spontaneous succession may turn such sites into biodiversity refuges in
human-exploited regions. However, technical reclamation, consisting of covering the sites by topsoil,
sowing fast-growing herb mixtures and planting trees, is still commonly adopted. Until now, no
multi-taxa study has compared technically reclaimed sites and sites left with spontaneous succession.
2. We sampled communities of vascular plants and 10 arthropod groups in technically reclaimed
and spontaneously restored plots in limestone quarries in the Bohemian Karst, Czech Republic.
For comparison, we used paired #-tests and multivariate methods, emphasizing red-list status and
habitat specialization of individual species.

3. We recorded 692 species of target taxa, with a high proportion of red-listed (10%) and xeric
specialist (14%) species, corroborating the great conservation potential of the quarries.

4. Spontaneously restored post-mining sites did not differ in species richness from the technical
reclaimed sites but they supported more rare species. The microhabitat cover of leaf litter, herbs and
moss, were all directly influenced by the addition of topsoil during reclamation.

5. Synthesis and applications. Our results show that the high conservation potential of limestone
quarries could be realized by allowing succession to progress spontaneously with minimal interven-
tion. Given the threat to semi-natural sparsely vegetated habitats in many regions, active restoration
measures at post-mining sites should be limited to maintenance of early successional stages, instead
of acceleration of succession.

Key-words: artificial biotopes, biodiversity conservation, landscape restoration, life-history
traits, manipulation of succession, post-industrial habitats, post-mining sites

of such sites among ecologists is rapidly changing, as it is

Introduction . . L . i
becoming clear that in industrialized and intensively farmed

Post-mining sites such as quarries, spoil dumps or mining pits
exist as an unavoidable consequence of mineral extraction for
industry, and therefore represent an increasing component of
many landscapes and regions. The traditionally negative view

*Correspondence author. E-mail: robert.tropek @ gmail.com

regions, they offer valuable refuges for rare organisms. The
conservation potential of quarry sites has been documented
for vascular plants (Wheater & Cullen 1997), butterflies
(Benes, Kepka & Konvicka 2003), spiders (Tropek & Konvi-
cka 2008) and wild bees (Krauss, Alfert & Steffan-Dewenter
2009). Quarries typically contain periodically disturbed, early

© 2009 The Authors. Journal compilation © 2009 British Ecological Society
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successional and highly heterogeneous surfaces, with extreme
abiotic conditions and minimum productivity (Schulz & Wieg-
leb 2000; Novak & Prach 2003). Similar conditions have
become rare in modern landscapes, because humans increase
the productivity of land, promoting middle phases of succes-
sion over extremes, so that in many regions those species
dependent on early successional, sparsely vegetated habitats
are among the most threatened (Thomas, Morris & Hambler
1994; Hoekstra et al. 2005; Wenzel et al. 2006). Given that
quarrying and open-cast mining will remain an important eco-
nomic activity, restoration should maximize the biodiversity
potential of extraction sites, especially in densely populated
regions where such sites represent the last localities that have
escaped intensive farming, forestry or building development,
apart from scattered nature reserves (Pysek ez al. 2001; Young,
Petersen & Clary 2005).

The post-mining restoration method crucially affects the
ability of different species to colonize the area, and hence the
conservation potential of restored habitats (Ursic, Kenkel &
Larson 1997; Prach & Pysek 2001; Hodacova & Prach 2003).
In Central Europe, two alternative approaches are used: (1)
technical reclamation, typically consisting of covering the sites
with fertile topsoil then sowing with grass and herb mixtures
and/or planting shrubs and trees; and (2) spontaneous succes-
sion, typically no direct sowing or planting but some suppres-
sion of alien and expansive plants (Tischew & Kirmer 2007;
Prach & Hobbs 2008). Although the latter method appears
more straightforward (Hodacova & Prach 2003; Holec &
Frouz 2005), the former method remains preferred because of
the perceived need to heal ‘scars in the landscape’, and to pre-
vent erosion and fertilizer run-off, thus promising benefits for
agriculture, forestry or similar activities (Stys & Branis 1999).

Until now, there has been no comprehensive comparison of
the effects of the two restoration methods on the conservation
potential of the sites. Single-taxon studies exist (vascular
plants: Hodacova & Prach 2003; ants: Holec & Frouz 2005)
that favour spontaneous succession. These conclusions, how-
ever, are open to the critique that different taxa respond to eco-
system manipulation differently and therefore a multi-taxa
approach is needed (Niemela & Baur 1998; Ruiz-Jaen & Aide
2005; Tropek, Spitzer & Konvicka 2008). The two previous
studies have been restricted to lignite mining sites, whereas
other post-mining structures have been neglected (Hobbs
2007). Limestone quarries are thought to be particularly
important for restoration, because the base-rich bedrock
allows the development of species-rich natural communities,
such as calcareous grasslands, which are among the richest and
most continentally endangered habitats in Europe (e.g. Jeffer-
son 1984; Poschlod & Wallis DeVries 2002).

In this study, we compare the effects of technical reclama-
tion and spontaneous succession on the communities of vascu-
lar plants and 10 arthropod taxa in mined-out limestone
quarries. We analysed each group separately, using both uni-
variate and multivariate approaches. The diverse life strategies
of the eleven taxa allowed the two restoration methods to be
compared and the factors affecting the community composi-
tion of the surveyed taxa to be assessed.

Materials and methods

STUDY AREA

The study was carried out in the Bohemian Karst Protected Land-
scape Area, on the outskirts of Prague, Czech Republic (Fig. S1, Sup-
porting information). It is a hilly (208499 m a.s.l.) karstic region
covered by a mosaic of deciduous forests, grasslands at abandoned
pastures, arable fields and human settlements. The climate is mildly
warm and relatively dry (mean annual temperatures: 8-9 °C, annual
precipitation: 480-530 mm). Resulting from its long history of lime-
stone excavation, the area harbours over 100 quarries, mostly aban-
doned, with several large quarries still in operation (Brunnerova
1974; Lozek, Kubikova & Sprynar 2005).

The main threats to the area include the decline of traditional land
use followed by either abandonment or agricultural intensification,
causing the flora and fauna of calcareous grasslands to become
increasingly rare (Lozek et al. 2005). Quarrying itself is not viewed as
a major problem, as most of the active quarries are situated on the
outskirts of the area. Quarries abandoned in the past were usually left
to spontaneous succession, resulting in xeric grasslands and scrubs.
At present, there is substantial pressure to restore the quarried land-
scape using technical reclamation techniques (Lozek et al. 2005).

TAXONOMIC GROUPS AND SPECIES CATEGORIZATION

We targeted vascular plants, and 10 arthropod taxa: orthopteroids
(Orthoptera, Dermaptera and Blattodea), true bugs (Heteroptera),
leathoppers (Auchenorrhyncha), day-active butterflies and moths
(Lepidoptera), spiders (Araneae), ground beetles (Coleoptera: Cara-
bidae), centipedes (Chilopoda), millipedes (Diplopoda), woodlice
(Isopoda: Oniscidea) and harvestmen (Opiliones). The arthropods
cover diverse feeding modes (mostly herbivores — orthopteroids, true
bugs, leathoppers, butterflies and moths; mostly carnivores — spiders,
ground beetles and centipedes; mostly omnivores and detritivores —
millipedes, woodlice and harvestmen) and mobility guilds (non-fliers
— centipedes, millipedes, woodlice and harvestmen; occasional fliers —
orthopteroids, true bugs, leafhoppers, spiders and ground beetles;
regular fliers — butterflies and moths).

Besides species richness, we analysed the conservation value of the
communities, based on Czech Republic red-lists (plants: Prochazka
2001; arthropods: Farkac, Kral & Skorpik 2005) with categories EX
(extinct in the Czech Republic); CR (critically endangered); EN
(endangered); VU (vulnerable); NT (near threatened); and LI (low
interest, not threatened). We also classified all species according to
their specialization on xeric habitats (herein xeric specialization): ST
(restricted to well-preserved xeric grasslands), XE (common xero-
termophilous species) and GE (widespread generalists and species of
non-xeric habitats).

See Table S1 (Supporting information) for nomenclature, species
habitat use and species identification references, voucher material
storage, and a list of all recorded species with their category member-
ships.

DATA COLLECTION

We established ten plots (0-2-0-3 ha; Fig. S1 and Table S2, Support-
ing information), forming five pairs each with one plot technically
reclaimed and one left to spontaneous succession. The pairs were situ-
ated in the same large quarry (pairs 1, 4 and 5), or in two quarries in
close proximity (pairs 2 and 3), and were of comparable age since the
termination of quarrying. The maximum distances between plots

© 2009 The Authors. Journal compilation © 2009 British Ecological Society, Journal of Applied Ecology, 47, 139-147
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within each pair were 150 and 100 m (pairs 3 and 5 respectively), the
other plots within each pair were contiguous. The relief was always
flat (bottoms, wide terraces).

Each plot was characterized by: (i) the relative proportion of the
main habitats within a 100 m radius circle around the plot (xeric
grassland, ruderal, shrubs, deciduous trees, conifers; scree and rocks
including quarry walls); (ii) the distance from the nearest seminatural
xeric grassland (from Czech habitat mapping; AOPK CR 2008).

In the centre of each plot, a line of five 3 x 3 m quadrats was estab-
lished, with 2 m between adjoining quadrats. Each quadrat was char-
acterized by the per cent cover of vegetation layers (E0: moss; El:
herbs; E2: shrubs; E3: trees), plant /itter and bare substrate.

In each quadrat, the percentage cover (an ordinal scale 1: <0-01%,
2: <1%,3: <5%,4: <10%, 5: <25%, 6: <50% and 7: <100%) of
all species of vascular plants was estimated in July 2007. Paired plots
were always sampled on the same day.

In the centre of each quadrat, a pitfall trap (diameter 9 cm, depth
15 cm, containing 5% formaldehyde) was exposed from May to
August 2007, and emptied four times during the study period (21
May, 4 June, 22 July and 20 August). On the same days, the entire
vegetation within the quadrat was swept using a 40 cm diameter net,
the catch was killed and preserved in 70% ethanol. The pitfall and
sweeping material was sorted to target taxa and identified to species.

Butterflies and moths were recorded on two linear transects
(50 m/5 min) per plot, crossing together at right angles in the plots’
centre. Each transect was walked five times (3-4 May, 20-21 May,
16-17 July, 2-3 August and 14-15 August). Paired plots were visited
consecutively, sequences of the pairs and the plots within the pairs
were randomized. Cloudiness, wind and actual nectar plants abun-
dance (nectar-abundance) were recorded on ranked (1-3) scales, and
the species of actually flowering plants (nectar-richness) were
counted.

In all analyses, a sample refers to a list of all species with their rela-
tive covers for vascular plants (i.e. five samples for each plot), a tran-
sect count for butterflies and moths (i.e. two samples for each plot
and visit), and a combined pitfall-trapped and swept material for
other arthropods (i.e. forming five pairs each with one plot).

UNIVARIATE ANALYSES

To compare species richness, conservation value and xeric specializa-
tion between the two restoration methods (M ETHOD: reclamation
vs. succession), we used, separately for each of the studied taxa,
paired t-tests with all samples of each plot pooled. The computing
was carried out in Statistica 8.0 (Statsoft, Inc., Tulsa, Ok, USA).

For species richness, the response variables were In-transformed
numbers of species per plot. For conservation value and xeric special-
ization, we weighted the numbers of records of individual species in a
sample by the ranked values denoting constituent species red-list sta-
tus (EX—5;CR—4; EN-3; VU-2; NT—1; LI-0) and xeric special-
ization (S7—2; XE - 1; GE—0). The resulting per-sample values were
again In-transformed. Four taxa (centipedes, millipedes, woodlice
and harvestmen) contained no or few red-listed or xeric specialist spe-
cies and therefore were excluded from the conservation value and xeric
specialization analyses.

ORDINATIONS

All ordinations were computed in Canoco for Windows 4.5 (ter Braak
& Smilauer 2002). To visualize major trends in species composition of
differently restored plots, we used an indirect technique, detrended
correspondence analysis (DCA), with species data summed across all

Restoration of post-mining sites 141

visits, except for butterflies and moths recorded using a different sam-
pling design.

To investigate how restoration METHOD influenced the sampled
environments, we used the redundancy analysis (RDA), a linear con-
strained ordination, with METHOD (reclamation vs. succession) as a
categorical predictor of microhabitat structures (within the 3 X 3 m
quadrats — E0, El, E2, E3, litter, bare); surrounding habitats (within
the 100 m circle — grassland, ruderal, shrubs, deciduous, conifers, scree
and rocks); and distance from the nearest xeric grassland (diszSt). The
Monte-Carlo permutation tests (999 runs, full model) reflected
the sampling design: the quadrats were permuted as linear transects,
the pairs of plots as blocks.

The canonical correspondence analysis (CCA) was used to test the
effects of restoration M ETHOD on the species compositions of sam-
ples. We used square-root transformation and downweighting of rare
species options. For all taxa except vascular plants and butterflies and
moths, the Monte-Carlo permutation test (999 runs, full model)
design reflected both the spatial and temporal arrangements of the
samples: quadrats were permuted as line transects, visits as time ser-
ies, plot pairs as blocks. Because such permutation design does not
allow for empty cells, we added a fictional species with abun-
dance = 1 toeach cell (cf. Leps & Smilauer 2003).

For vascular plants, only the lines of quadrats and pairs of plots
formed the permutation design. For butterflies and moths, the two
intersecting transects were permuted as freely exchangeable within
each plot visit. Butterfly and moths also probably responded to condi-
tions during the transect walks. We first used the Canoco forward
selection procedure to select a minimum covariate CCA model (all
variables influencing the ordination at P < 0-05 level) based on
cloudiness, wind, nectar-abundance, nectar-richness, and their interac-
tions. The resulting covariate combination (~cloudiness + nectar-
richness + nectar-richness X nectar-abundances) was used in all sub-
sequent butterflies and moths models.

A final set of analyses assessed the separate effects of microhabitat
structures; surrounding habitats and the distance distSt on the species
composition of samples. Under the permutation models outlined
above, we used Canoco forward selection to find adequate sets of pre-
dictors (all with P < 0-05), and then tested the significance of whole
models. Effects of thus selected predictors on rare species were evalu-
ated visually from ordination diagrams.

Results

We recorded 153 species of vascular plants, 2917 individu-
als/28 species of orthopteroids, 2347/94 true bugs, 1820/88
leathoppers, 1290/71 butterflies and moths, 4161/136 spiders,
3182/85 ground beetles, 27/7 centipedes, 3179/13 millipedes,
4624/9 woodlice and 279/8 harvestmen. Out of the 692 species
of targeted taxa, 69 (~10% of the total) are included to the
national red-lists (20 NT, 31 VU, 15 EN, 2 CR, 1 EX) and 96
species are considered well-preserved grasslands or forest
steppe specialists (Table S1, Supporting information).

SPECIES RICHNESS AND CONSERVATION CONCERN

For species richness (Fig. 1a), spontaneous succession plots
hosted more species of butterflies and moths only; all the other
taxa showed no differences. For conservation value (Fig. 1b),
spontaneous succession was preferred by five taxa (vascular
plants, orthopteroids, true bugs, butterflies and moths, and
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Fig. 1. Results of paired z-tests comparing differently restored quar-
ried plots. (a) species richness (number of species per plot); (b) conser-
vation value (individuals in plot weighted by their red-list status); and
(c) xeric specialization (individuals in plot weighted by their habitat
requirements). Ln-transformed means per plot with associated 0-95
confidence intervals are shown in (b) and (c). - and P-values
(*P < 0:05; **P < 0-01; ***P < 0-001) refer to separate effect of
METHOD in individual analyses.

spiders); the remaining two taxa did not differ by restoration
method (leafhoppers, ground beetles). For xeric specialization
(Fig. 1c), spontaneous succession hosted more specialized
communities of four taxa (vascular plants, orthopteroids, true
bugs, butterflies and moths, and spiders); the remaining three
taxa showed no differences (leafhoppers, butterflies and moths,
and ground beetles). Therefore, none of the analyses revealed a
negative impact of spontaneous succession comparing with
technical reclamation on species richness, conservation value or
Xeric specialization.

SPECIES COMPOSITION

The DCA revealed a major difference between communities of
the reclamation and succession plots (Fig. 2). Despite the
paired design, plots restored by the two methods formed two
clearly separated clusters along the first ordination axis (eigen-
value = 0-384, 11-9%; second axis eigenvalue = 0-193, 6%),
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Fig. 2. Indirect ordination diagram (detrended correspondence anal-
ysis) of individual samples within the quarries according to restora-
tion METHOD: grey squares — spontaneous succession, black circles
— technical reclamation. The numbers denote samples from identical
pair of plots (see Table S2, Supporting information). First axis eigen-
value = 0-384, 11:9%:; second axis eigenvalue = 0-193, 6%.

revealing the restoration METHOD as the major factor struc-
turing the biotic communities.

The RDA analysis (Ist axis eigenvalue: 0013, 30:3%,
F = 19160, P = 0001; Fig. 3) showed that technically
reclaimed plots contained a high cover of E1 (herbs) and litter,
and tended to have ruderal in proximity. Spontaneous succes-
sion plots contained more bare substrate, while grassland, scree
and rocks prevailed in proximity. The plots did not differ in
distSt.

The CCA analyses revealed that restoration METHOD
imposed significant effects on community compositions in all
taxa but harvestmen (Table 1). Among the taxa with signifi-
cant responses, rare species (red-listed and xeric specialists
combined) preferred spontaneous succession to technical recla-
mation; the only exception was ground beetles (Fig. 4).

0-4

Deciduous;

Ruderal

,ASuccession eclamation 4
Grassland  Rocks E1
S
Scree Litter
$ Conifers
-1.0 1.0

Fig. 3. Redundancy analysis diagram (RDA) revealing the microhabi-
tat structures and surroundings habitats responsible for differences
between plots restored via spontaneous succession and technical rec-
lamation. First axis eigenvalue: 0-013, 30-3%, F = 19-160,
P = 0-001.
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Table 1. Results of the canonical correspondence analyses (CCA) of
the impact of restoration METHOD on the community composition
of studied taxa

Ist Axis Ist Axis Explained

F, P' eigenvalue  variation® (%)
Vascular plants 6-7%** 0-52 132
Orthopteroids 21-5%** 0-22 10-0
True bugs 9-6%*** 0-18 47
Leafhoppers 7-8%** 0-16 39
Butterflies and moths ~ 2-2%%* 0-06 2:4
Spiders 11-0%%* 0-23 54
Ground beetles 627 0-10 31
Centipedes 4-7* 0-01 24
Millipedes 17-5%** 0-05 83
Woodlice 7-2%H* 0-02 36
Harvestmen 13 - -

'P-values: ¥P < 0-05; **P < 0-01; ***P < 0-001.
>The variation in species data explained by the first ordination
axes.

Table S1 (Supporting information) presents individual species
responses as 1st axis scores.

Cover of /itter was the most frequently selected microhabitat
structure (Table 2). It displayed negative effects on rare species
in vascular plants, orthopteroids, true bugs, leafhoppers, spi-
ders and ground beetles; and a positive effect on ground-dwell-
ing detritivores (millipedes and woodlice). Other important
factors were moss (E0) cover, affecting rare species of true
bugs, leathoppers and ground beetles positively, and vascular
plants negatively. Herb layer (E7) negatively affected rare leaf-
hoppers, spiders and ground beetles.

The crucial surrounding habitats (Table 2) were grassland
(all taxa except leafhoppers and woodlice) and ruderal (all
except ground beetles, centipedes and woodlice). Increasing
grassland representation had generally positive effects on rare
species (except for centipedes and harvestmen), whereas that of
ruderal had mainly negative effects (all taxa but ground beetles,
centipedes and woodlice). The distance from the nearest semi-
natural xeric grassland had significant effect on communities
of all taxa, but mostly no effect on rare species.

Discussion and conclusions

The high conservation potential of limestone quarries is
illustrated by a high proportion of red-listed species (10%) and
xeric specialists (14%) in our samples. We showed that this
potential depends on the restoration method used. Although
the quarried sites restored via technical reclamation and spon-
taneous succession did not differ in species richness in most of
the studied taxa, spontaneously restored sites surpassed the
technically reclaimed ones in the representation of threatened
species and xeric habitats specialists. These differences were
corroborated by ordination analyses, which revealed the
restoration method as a major factor structuring biotic com-
munities of the quarried sites, and documented the preference
of rare species for spontaneous succession. In situations when
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species richness does not differ between sites or treatments,
rarity or decline represents the only objective criteria for con-
servation prioritization (Thomas et al. 1994). The colonization
of spontancously developed habitats within the quarries by
high numbers of threatened and habitat-specialized species
indicates that spontaneous succession is an effective tool for
biodiversity conservation. These patterns were consistent in
vascular plants and many arthropod taxa, with a few excep-
tions such as in case of leathoppers or ground beetles. In none
of the studied taxa, however, did rare species exhibit an affinity
to technical reclamation.

Contrary to the spontaneously restored sites, the technically
reclaimed ones contained less bare ground and more continu-
ous vegetation cover, with accumulation of litter. The vegeta-
tion development is slower under spontaneous succession than
under reclamation, as succession involves ‘successionally
blocked’ habitats of open rocks, sparse grasslands and scrub.
Spontaneous processes can restore these habitats for plants (as
shown earlier by Wheater & Cullen 1997; Schulz & Wiegleb
2000) and for numerous arthropods from detritivores to preda-
tors, and from good to poor dispersers.

Technical reclamation invariably involves inputs of topsoil,
which diminishes microtopographic heterogeneity and imports
nutrients and plant diaspores. These conditions favour first,
fast-growing ruderal vegetation from buried seeds, and ulti-
mately the establishment of competitive species (sensu Grime
1977). The sown plant mixtures also contain well-establishing
competitive species. The resulting vegetation prevents coloni-
zation of the sites by more sensitive plants from the surround-
ing environments, disfavouring stress-tolerant, slowly growing
species, including rare xerotermophilous specialists (Prach,
Pysek & Smilauer 1999; Chytry, Tichy & Rolecek 2003).

Increasing vegetation diversity is expected to increase the
diversity of herbivores (i.e. orthopteroids, true bugs, leafhop-
pers, and butterflies and moths) (Huston 1979), but the link is
more likely to be mediated through microhabitat heterogeneity
(Haddad et al. 2001; Hawkins & Porter 2003), which is much
higher at spontaneous succession sites. The succession begins
at rugged bare rocks with boulders, holes, crevices, etc., and
proceeds patchily, as colonizing plants establish themselves
and modify their own environments. In addition, endangered
herbivores often depend on rare stress-tolerant plants (Nickel
& Hildebrandt 2003; Dennis et al. 2004).

Even soil-dwelling groups (millipedes, woodlice and centi-
pedes), poorly adapted to xeric environments because of lack
of water-saving mechanisms (Lewis 1981; Hopkin & Read
1992; Warburg 1993), did not differ between succession and
reclamation plots. The single red-listed and the few xerophi-
lous species preferred spontaneous succession (Fig. 4).

Among predators, the results for spiders are attributable to
the high numbers of endangered xerothermophilous species in
Central Europe (Niemela & Baur 1998; Rezac, Rezacova &
Pekar 2007). Many spiders depend on richly structured
environments, with rocks, crevices and open ground for
ground-dwellers, or vegetation with diverse three-dimensional
architecture for plant-dwellers and web-builders (Marshall
1997; Rezac et al. 2007; Tropek & Konvicka 2008). Technical

© 2009 The Authors. Journal compilation © 2009 British Ecological Society, Journal of Applied Ecology, 47, 139-147

<<69>>



144 R. Tropek et al.

© - o
Vascular plants Orthopteroids True bugs
; .
3 i
3 i
i I
& Reclamation
Succession® * L e oo
. e Succession” :  Reclamation Succession A
3 5 - A A . s o
- o ’ = l.?.‘*_.' 1.1."-'
i - T # - ®
" L 5 N
Reclamation
‘P 8 - ?
3 3 4 5.5 7
Leafhoppers Butterflies and moths Spiders
.
. ¥ . - . Succession " > "
+ * " . Reclamation % * gu ¥ e ccession 2 "
- g o . ' aow Bx]® g LR »
“h ke ¥ L] s 3 ma 5 s . % | * ,Reclamation,,.
"Successio#" B e oy ot R X
& e w | w R = g =« Reclamation, w " |we @ -
a - =y i . C B R S
2 . . u - " = " e
. . - -
> ¥
h i ?
o 4_-8 8_-3 3
Ground beetles . " 1 Centipedes ’ " | Millipedes
* L
[ =
- Reclamation
. Succession, | _* . &
n Ml . Succession
¢ .| & ;
3 | S Reclamation .
e e ]
. " ‘feclamation
Success}on . .
. . Fig. 4. Canonical correspondence analyses
-3 =il i s diagrams of relationships of vascular plants
o . . .
=T Woodlice and te.n arthropod taxa in studied limestone
quarries to the restoration METHOD. The
symbols distinguish red-listed species (red
diamonds), non red-listed species restricted
to well-preserved xeric grasslands (green tri-
angles), common xerotermophilous species
n o gy S0tamation (blue stars) and generalists plus species of
= P e . .
HecessIon non-xeric habitats (black crosses). See
Table 1 for associated statistics and Table S1
© (Supporting information) for individual spe-
-10 8 cies’ Ist axis ordination scores.

reclamation replaces the high structural diversity of succes-
sional patches by uniformity.

Ground beetles did not prefer any of the reclamation meth-
ods, although successional stages with sparse vegetation repre-
sent important habitats for them (e.g. Ljungberg 2002). We
found only a low proportion of red-listed ground beetles in the
sampled communities, in contrast to the other taxa (cf. Table S1,
Supporting information). However, our observation that xeric
specialists among ground beetles tend to avoid large patches of
bare substrate are consistent with other studies (Clark, Gage &
Spence 1997; Tyler 2008; Kagawa & Maeto 2009), which
explain this pattern by lower food supply, lack of compact
tufts for shelter, and the need of deep soil for overwintering.

Harvestmen did not differ between the restoration methods.
This taxon contains only a few warm grassland specialists in
Central Europe (Silhavy 1956) and the majority of recorded
species in the study were common generalists (cf. Table S1,
Supporting information).

As in many studies (Benes et al. 2003; Novak & Konvicka
2006; Kirmer et al. 2008), the surrounding habitats influenced

the composition of the recorded communities: rare species
responded positively to grasslands and negatively to ruderals.
On the other hand, the distance to the nearest seminatural xeric
grassland, as a crude measure of site connectivity, did not affect
the distribution of rare species. This was inconsistent with
some previous studies (Novak & Konvicka 2006; Kirmer ez al.
2008) and the inconsistency may perhaps be attributed to a
high overall connectivity of xeric grasslands in the Bohemian
Karst, especially so a few decades ago, when the quarries were
being abandoned (Lozek er al. 2005; Kadlec et al. 2008).

CONSERVATION POLICY IMPLICATIONS

Our finding that technical reclamation in limestone quarries, in
contrast to using spontaneous succession, does not contribute
to conserving specialized and/or endangered species, agrees
with the results of single-taxon studies in lignite spoil dumps
(Hodacova & Prach 2003; Holec & Frouz 2005), and with
numerous reports dealing with other post-mining habitats (e.g.
Benkewitz, Tischew & Lebender 2002; Rehounkova & Prach
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Table 2. Results of the canonical correspondence analyses (CCA) of the impact of environmental predictors on community composition of

studied taxa

Model! Patterns for rare species’ F-, P*-values Eig* Per cent’
Vascular plants
3m (EI + EO + litter) Negative: E0, litter Rk 0-78 20-0
100 m (grassland + shrubs + Positive: grassland; negative: ruderal 5-6%** 1-39 355
deciduous + ruderal)
distSt No general pattern 3.7 0-31 7-8
Orthopteroids
3 m (litter + EO + E3 + bare) Positive: bare; negative: litter 79 0-32 14-0
100 m (grassland + ruderal + Positive: grassland, deciduous, 10-0%** 0-39 17-0
deciduous + shrubs) shrubs; negative: ruderal
distSt Positive effect 14-1%%* 0-15 68
True bugs
3 m (litter + E0) Positive: E0; negative: litter 54 0-21 52
100 m (grassland + shrubs + Positive: grassland, shrubs; 54 0-40 10-2
ruderal + deciduous) negative: ruderal. deciduous
distSt Negative effect 3.1% 0-06 1-6
Leafhoppers
3 m (litter + EO0 + EI) Positive: E0; negative: litter, E/ 4.5k 0-27 6:6
100 m (ruderal + rocks + Positive: rocks, scree, shrubs; 5:Q sk 0-46 11-0
scree + shrubs) negative: ruderal
distSt No general pattern 6-0*** 013 30
Butterflies and moths
100 m (grassland + ruderal) Positive: grassland; negative: ruderal 2-Qk** 0-12 46
distSt No general pattern 2] 0-06 2:3
Spiders
3 m (litter + E0 + EI + E2) Negative: litter, E/ 4-0%** 0-37 87
100 m (grassland + ruderal + Positive: grassland, rocks; 61 %** 047 11-3
conifers + rocks) negative: ruderal. conifers
distSt No general pattern 8 HH* 017 41
Ground beetles
3m (El + E3 + EO + litter) Positive: E0; negative: EI, E3, litter 3ok 0-20 60
100 m (scree + grassland + Positive: grassland 4k 0-27 79
shrubs + rocks)
distSt No general pattern SepHE* 0-09 2:5
Centipedes
3 m (litter + E2 + EI) No general pattern T-0%** 0-05 9-8
100 m (deciduous + grassland + No general pattern 5.8 ** 0-05 100
conifers + rocks)
distSt No general pattern 16-8%%* 0-04 79
Millipedes
3 m (litter + E0) Positive: litter 15-5%* 0-08 14-0
100 m (deciduous + ruderal + Positive: grassland. rocks 16-3%%* 0-16 26:0
grassland + rocks)
distSt No general pattern 20-%** 0-08 13-0
Woodlice
3 m (litter) Positive: litter 8-9kH* 0-02 45
100 m (deciduous + shrubs + rocks) Positive: shrubs; negative: deciduous 9-1%** 0-06 130
distSt Negative effect 9-0%*** 002 44
Harvestmen
3m (E0 + litter + bare + EI) No general pattern Rk 0-09 6-8
100 m (deciduous + shrubs + No general pattern 8 oo 0-11 7-8
grassland + ruderal)
distSt Negative effect 7-S¥F* 0-05 3-8

"Model obtained via a forward selection from microhabitat structures (3 m), surrounding habitats (100 m) and distance from the nearest
xeric grassland (distSt). See ‘Materials and methods’ for description of individual predictors.

Effects on red-listed species and xeric specialists (combined), evaluated visually from the ordination diagrams. Only predictors with
clearly positive or negative effects are mentioned.

3F-values and significances of all canonical axes assessed via Monte-Carlo permutation (999 runs per analysis): P < 0-05; **P < 0:01;
***p < 0-001.

“Eigenvalues of all canonical axes.

>The per cent variation in species data explained by all canonical axes.
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2008). In addition to these biodiversity benefits, spontaneous
succession is considerably cheaper — the target state, structured
surfaces open for spontaneous succession, is achieved immedi-
ately after the end of mineral extraction (e.g. Prach & Hobbs
2008).

Despite the evidence for the biodiversity benefits of sponta-
neous succession, it is rarely implemented at present. For
example, the huge lignite quarries in the Czech Republic are
reclaimed using technical approaches, and no area is legisla-
tively reserved for natural processes (Stys & Branis 1999); only
15% of each post-mining area is reserved for spontaneous suc-
cession in Germany (Schulz & Wiegleb 2000); and similar situ-
ations apply across Europe and probably elsewhere (cf. Ursic
et al. 1997; Nicolau 2003; Holl 2002; Carrick & Kruger 2007).
Given the rapid losses of temperate biodiversity (e.g. Hoekstra
et al. 2005; Wenzel et al. 2006), and given that nutrient-poor
and disturbance-dependent biotopes such as grasslands, heaths
and rocks are among those most seriously affected, the preva-
lence of technical reclamation schemes over spontaneous suc-
cession is puzzling. The scale of the problem is also important:
mining areas represent almost 1% of the world’s land (Walker
1992), an area that could make a major contribution to biodi-
versity if its potential was realized.

We offer two explanations for the low popularity of sponta-
neous succession among practitioners. The first is the preva-
lence of the utilitarian view of landscape use among
restoration practitioners, resulting in a preference for ‘produc-
tive’ goals (agriculture, forestry and occasionally recreation)
over conservation. The second reason stems from the ingrained
equilibrium view of natural communities (the ‘equilibrium par-
adigm’ sensu Wallington, Hobbs & Moore 2005), emphasizing
such environmental policy goals as soil formation, prevention
of erosion, nutrient cycling and water management. This equi-
librium view still appears to prevail among restoration practi-
tioners (Wallington et al. 2005; Prach & Hobbs 2008), despite
the evidence that disturbances are common in natural commu-
nities, representing a crucial mechanism of species’ coexistence
(e.g. Sousa 1984; Hobbs & Huenneke 1992; Wu & Loucks
1995), and that successionally advanced communities do not
necessarily harbour more specialized and/or threatened species
compared with less advanced ones (Thomas et al. 1994).

As a result of its biodiversity conservation potential, sponta-
neous succession should be the preferred restoration method if
no other public concerns (e.g. risks of uncontrolled erosion,
toxin leaks, recreational use or public safety issues) require the
application of technical approaches. It appears especially suit-
able for sites within protected areas and/or adjoining valuable
natural communities, as these sites have strong potential for the
development of rare habitats (Novak & Konvicka 2006). For
such sites, active interventions should be limited to channelling
successional developments, such as control of invasive species,
or local blocking of succession to support endangered special-
ists of early successional formations. Even in cases where other
public demands favour the technical approaches, restoration
schemes should apply suitable near-natural methods, such as
mulching with diaspore-rich plant material, covering the sur-
faces with hay containing plant propagules, or direct sowing of

targeted species (Kirmer & Mahn 2001; Tischew & Kirmer
2007; Prach & Hobbs 2008). Restoration techniques such as
levelling off sites, importing topsoil and sowing/planting fast-
growing vegetation should be kept at an absolute minimum.
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Publikace VI

Robert Tropek, Lukas Spitzer & Martin Konvicka (2008): Two groups of epigeic arthropods
differ in colonising of piedmont quarries: the necessity of multi-taxa and life-history traits
approaches in the monitoring studies. Community Ecology 9: 177-184.

Vyhodnoceni ochranarského potencidlu zkoumanych biotopl je odvislé mnohdy od Site
sledovanych skupin. Mnohé studie se omezuji na vybér jedné ¢i nékolika malo indikacnich
skupin rostlin ¢i ZivocichQ. Pfi nespravném ¢i nedostatecném vybéru zkoumanych skupin pak
mUze byt vysledna interpretace zavadéjici ¢i dokonce chybna.

Pro vyhodnoceni ochranafského potencidlu post-téZzebnich lokalit zvolili TROPEK &
KONVICKA (2008) porovndni Sesti lomu (dvou vapencovych a Ctyr granulitovych) a navazujicich
pfirodé blizkych bezlesych lokalit v jiznich Cechach. Na zakladé vyhodnoceni struktury
spolecenstev strevlikovitych a pavoukd usuzovali na kvality opousténych tézebnich prostor(
jako ndhradnich biotopl. V prezentované studii (TROPEK et al. 2008), kterd je soucasti této
prace, jsme vyhodnocovali moZnosti vyuZiti téchto dvou ekologicky blizkych skupin
epigeickych bezobratlych jako kolonizator(i téchto nové vzniklych biotopl — lomU0. Pro sbér
dat jsme pouZili zemni pasti a v pripadé lomU i specialni pasti umisténé na kolmych lomovych
sténach. Porovnavali jsme druhovou bohatost, druhové sloZeni obou spolecenstev a Zivotni
naroky jednotlivych druhd. Jednotlivym druhlm v ramci Zivotnich narokd byly pfirazeny
hodnoty dle jejich kategorizace dle BUCHARA (1983) a HURKY at al. (1996) dale pak byly
hodnoceny jejich naroky na vlhkost a svétlomilnost a také jejich celkové roziiteni v Ceské
republice (pavouci: BUCHAR & RUZICKA 2002, stievlikoviti: Skoupy 2004).

Pfirodé blizké travnaté srovnavaci lokality hostily ve vSech pripadech bohatsi
spoleCenstvo pavouku i strevlikovitych, nezZ jaké bylo zjisténo v blizkych lomech. Rovnéz se
signifikantné liSilo druhové sloZeni zkoumanych spoleéenstev. Pfi vyhodnoceni druhového
spoleCenstva strevlikovitych v lomech bylo zjiSténo, Ze se zde vyskytovaly hlavné druhy
eurytopni, tolerantni k ¢astému narusovani povrchu pudy (nejcastéji se jednalo o bézné polni
a lesni druhy), zatimco spoleCenstvo pfirodé blizkych travnik bylo tvoreno spise
lesostepnimi Ci luénimu druhy strevlikl. V pripadé pavouk(d nebylo spolecenstvo v lomech
tak rozliSeno jako v ptipadé strevlikovitych a tvofilo homogenni skupinu druh( preferujicich
rané az stfedné sukcesni stadia a druhy xerotermnich trdvnik(i. V pfipadé navazujicich
ptirodé blizkych travnatych ploch se jednalo o druhy lesni a druhy suchych travnik(.

Pti analyze Zivotnich narok( druh( obou spoleCenstev se ukazaly podstatné rozdily
v jejich kompozici. Lomy byly kolonizovany druhy pavouk( asociovanych s otevienymi
xerotermnimi naru$ovanymi biotopy s limitovanym roziitenim v Ceské republice, tj. i
regionalné vzacnéjsimi druhy. Zadny obdobny vzorec nebyl zjistén pfi analyze spoleéenstva
stfevlikovitych.

Pavouci jsou obecné velmi dobfti kolonizatofi nové vzniklych rané sukcesnich biotopu,
zatimco strevlikoviti, pokud nemaji v blizkosti ndhradniho biotopu dostatec¢né ptirodné
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kvalitni biotop, kolonizuji pak vyrazné pomaleji. V pripadé analyzy omezené pouze na
stfevlikovité bez zapojeni multitaxonomického pfistupu by nebyly zkoumané lomy
vyhodnoceny jako druhové bohaté lokality s rozsahlym ochrandaiskym potencidlem.
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Abstract: It is increasingly understood that inventorying and monitoring biodiversity requires a multi-taxon approach and that
comparing simple indices, such as species richness, should be accompanied by deeper analyses of species community compo-
sition and by comparisons of species life-history traits among taxa and habitats. Here, we document that two ecologically rather
similar groups of epigeic predators, ground-dwelling spiders (Araneae) and ground beetles (Coleoptera: Carabidae), differ in
patterns of stone quarry colonization. Such post-industrial barrens as abandoned quarries are increasingly appreciated as po-
tential refuges for species that are becoming rare in modern landscapes. We compared species richness, community composition
and species life-history traits of two epigeic invertebrates groups, in quarries and adjoining seminatural biotopes in a submoun-
tain region with granulite and limestone bedrock in SW Czech Republic. For both groups, quarries were species-poorer than
seminatural sites, herbaceous biotopes were richer than scrubby and rocky biotopes, and no significant effects on species
richness were revealed for substrate. Assemblages colonising quarries differed from those outside of quarries. They contained
numerous regionally rarer species of rocks and scree in the case of spiders, but generalists of open landscapes prevailed among
ground beetles. A survey limited to ground beetles, as well as to species richness analyses, would fail to detect a conservation
potential of the quarries. Hence, a multi-taxa approach should be preferred, and species richness analyses should be assembled
by insights onto community composition and species life-history traits in monitoring studies.

Abbreviations: ANOVA — Analysis of Variance, CCA — Canonical Correspondence Analysis, DCA — Detrended Correspon-
dence Analysis.

Nomenclature: Hurka (1996) for ground beetles, Buchar and Ruzicka (2002) for spiders.

proach has been proposed (Lambeck 1997, Roberge and An-
gelstam 2004) and seems to be gradually prevailing, and the
monitored groups are preferentially selected from different

Introduction

Inventorying of biodiversity and monitoring its changes

represent indispensable tools in conservation. Because the
diversity of separate taxonomic groups is often distributed
incongruently in space (e.g., Lawton et al. 1998, Niemela and
Baur 1998, Ricketts et al. 2002, Vessby et al. 2002, Lovell et
al. 2007), outcomes of monitoring studies depend critically
on selection of those taxonomic groups which can give us the
most applicable and powerful conclusions for conservation.
Despite this, many inventories and monitoring studies still
rely on a single taxon, finding the justification by the um-
brella species concept (Simberloff 1998, Fleishman et al.
2000). In addition, in a few cases of extraordinarily known
taxa, such as birds, butterflies or vascular plants, the concept
of a higher-taxon umbrella has been evoked (Kremen 1992,
Thomas et al. 2004, Bried et al. 2007). For the majority of
cases and taxa however, a novel multi-species umbrella ap-

ecological guilds (e.g., Batary et al. 2007, Spitzer et al. 2008).

Budgetary constraints will always press for monitoring
project based on a limited selection of taxonomic groups. In
the real world, taxa to be targeted are often selected not ac-
cording to their ecological functions, and hence expected in-
dicator value, but according to practical consideration — there
must be available easily reproducible monitoring methods,
sufficient coverage by expert taxonomists, and some back-
ground biological knowledge (Pearson 1994, Dufrene and
Legendre 1997). It is sometimes suggested that selection of
monitored taxa should include groups that respond to their
environments differently in order to allow reliable conserva-
tion policy inference (Kremen et al. 1993, McGeoch 1998).
On the other hand, it is rarely considered that ecologically
similar taxa (belonging to a single “guild’) might differ in
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their responses to their environments, and hence conserva-
tion actions.

Besides suitable taxa selection, methods of evaluation
and results are crucial. Too many monitoring projects con-
clude by comparing changes in species richness. This ap-
proach has only limited value and is increasingly supple-
mented by comparing threatened species richness (e.g.,
Balmer and Erhardt 2000, Kadlec et al. 2008) or such indices
as specialists : generalists ratio (Batary et al. 2007, Rainio
and Niemela 2003, Devictor et al. 2008). But with accelerat-
ing loss of even formerly common species from European
landscapes, it is desirable that projects of biodiversity moni-
toring target common species as well. Ordination analyses,
on the other hand, allow tracking not only numbers of spe-
cies, but also changes in species identities (Clarke 1993, Lep$
and Smilauer 2003). Comparisons of species life-history
traits seem to promise a suitable addition, as they, aside from
observing changes in species numbers, allow inferring which
environmental processes have been responsible for the ob-
served changes in species composition (Kremen et al. 1993,
Owens 1999). These approaches are particularly suitable for
regions with good background biodiversity knowledge, such
as parts of Europe, where basic life history information is
available for many taxonomic groups.

Human-disturbed sites such as abandoned quarries are
increasingly appreciated by ecologists as potential refuges
for species that are becoming rare in wider, commonly ex-
ploited landscapes (Schulz and Wiegleb 2000, Benes et al.
2003, Rosenzweig 2003, Samways 2007). Such sites typi-
cally harbour diverse mosaics of rather extreme abiotic con-
ditions (Wheater and Cullen 1997, Novak and Konvicka
2006) which had existed in pre-modern landscapes at sites
such as exposed river sediments, landslides and overgrazed
commons (Thomas 1993, Andersen and Hanssen 2005,
Bates et al. 2007). The future of quarries, dumps, sand-pits
and brownfields, however, is often uncertain, due to strong
pressures for technical reclamation (Prach and Pysek 2001,
Hodacova and Prach 2003). Therefore, the monitoring of the
anthropogenic sites and their importance for common land-
scape biodiversity is particularly important.

This study compares patterns of quarried habitats coloni-
sation and of adjacent seminatural habitat communities of
two groups of predatory epigeic arthropods — ground beetles
(Coleoptera: Carabidae) and ground-dwelling spiders (Ara-
neae). Both groups are often used as indicator taxa (Marc et
al. 1999, Rainio and Niemela 2003). In addition to species
richness patterns, we analyze the species composition of
communities colonising quarried habitats, and the life-his-
tory traits of constituting species. The spiders were analysed
in detail in a previous study, in which we found that quarries
tend to be colonised by regionally rare species of consider-
able conservation interest, probably because they contain re-
gionally rare extreme habitats (Tropek and Konvicka 2008).
Here, we argue that colonisation by ground beetles, as an
ecologically rather similar group, differs in a few crucial pat-

Tropek et al.

terns which highlight the necessity of a multi-taxa approach
in monitoring studies.

Material and methods

Study area and sampling design

The study was carried out in a relatively cold region con-
taining both basic (limestone) and acidic (granulite) bedrock,
at the piedmont of the Blansky les Mts. (SW Czech Republic;
Fig. 1), a low-mountain area reaching its maximum at Klet
Mt., 1084 m a.s.l. The landscape consists of beech and spruce
forests, fields, pastures and a scarce built-up area of small
villages. The climate is cold to moderately warm, annual
temperatures ranging from 4.7 to 7 °C and precipitation be-
ing 560-720 mm.

We sampled the invertebrates at six sites, three quarries
paired with three adjoining seminatural ones (Table 1). Three
distinct biotopes were sampled in each quarry: rocks, herba-
ceous stage and scrub, assuming that succession in the quar-
ries would eventually lead either to herbaceous or scrubby
conditions (Wheater and Cullen 1997, Wiegleb and Felinks
2001). Only herbaceous and scrub biotopes were sampled at
seminatural sites, as no rocky walls due to intensive rock har-
vest for local construction activity in the past recently exist
there, but isolated stones and/or small flat outcrops are still
present. A line of four pitfall traps (spaced every 10 meters)
was set in each of the biotopes from May to September 2006,
and the traps were emptied every three weeks, i.e., five times
each during the study period. The minimum distance be-
tween lines/biotopes within a site was 50 metres. To obtain a
comparable number of the samples of the site character, we
used eight instead of four traps, set in two independent lines,
for the herbaceous biotopes outside of the quarries. Special
hanging desk traps (consisting of a desk, which formed an
artificial horizontal surface, and a can inserted in the centre
of the desk, Ruzicka 2000) were used on the rocks, whereas
plastic cups were used elsewhere. The traps of both types had

Blansky les Mts.

e quarries
O seminatural

Figure 1. Position of the Blansky les Mts. and individual sites.
Site names abbreviations — V, Vysny; K, Vysenske kopce; P,
Plesovice; T, Trisov: 7, Zrcadlova hut; S, Na Strazi.
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Table 1. Sites of pitfall trapping in quarries and adjoined seminatural xeric sites in the Blansky les Mts. In analyses, each quarry was

paired with following seminatural xeric site.

Site Character, description  Substrate Coordinates Altitude Area
Vysny quarry, excavation limestone 48°49'57"N, 570m S ha
terminated in 1993 14°17'49"E
Vysenske seminatural, former limestone 48°49'22"N, 570m Sha

kopce pasture 14°17'52"E
Plesovice quarry, operating granulite 48°52'18"N, 520m 21 ha
14°20'58"E
Trisov seminatural, a warm granulite 48°52'S7"N, 520m 1 ha
sheltered plateau 14°21'03"E
Zrcadlova hut  quarry, terminated in granulite 48°53'07"N, 650 m 12 ha
2000 14°13'55"E
Na Strazi seminatural, former granulite 48°55'49"N, 570m 3 ha
pasture 14°13'43"E

an identical upper diameter and depth (9 cm and 15 cm, re-
spectively) and contained a solution of 5% formaldehyde.
They were treated as identical in the analyses.

Analyses

We performed all analyses separately for ground beetles
and spiders, using PAST 1.81 (Hammer et al. 2001) for rare-
faction curves, Statistica 6.0 (StatSoft 2001) for univariate
methods and CANOCO for Windows 4.5 (ter Braak and
Smilauer 2002) for multivariate ordinations.

Sample rarefaction curves (Mao tau) (Gotteli and Col-
well 2001) were constructed to compare species richness be-
tween quarries and seminatural sites (character), limestone
and granulite (substrate) and herbaceous, scrubby and rocky
biotopes (biotope). Standard deviation values were used to
compare differences in their shapes.

Species composition was analysed using CCA, a con-
strained unimodal ordination technique relating the compo-
sition of samples to external predictors. DCA was used to as-
sess gradient lengths and thus to select between unimodal
and linear methods (Lep§ and Smilauer 2003). The Monte
Carlo permutation tests (with 999 runs) were used to test for
non-random patterns in the ordinations. The permutations
were performed so that they reflected the temporal and spa-
tial distribution of catches: the lines of traps were permuted
as line transects and the emptying visits as a time series. We
used log-transformed species data to level off great differ-
ences in catch sizes among individual species in the samples,
and applied the CANOCO downweighting of rare species
option to minimise the possible effects of species caught in
very small numbers. Because empty rows in the data matrices
(zero catches) precluded using more complex permutation
designs, we added a miniscule value (0.0001) to each data
matrix cell.

Life-history traits

Traits of individual species belong to both groups — as
summarised for Czech spiders by Buchar and Ruzicka (2002)
and for Czech ground beetles by Hurka (1996) (humidity and
light requirements) and Hurka et al. (1996) (habitat quality)
— were used to compare samples from different conditions.
We considered (i) habitat quality, a ranked variable based on

categorisation by Buchar (1983) distinguishing relic (“spe-
cies restricted to natural, undisturbed habitats’), adaptable
(“able to colonise both undisturbed and moderately disturbed
habitats’), and eurytopic species (‘colonising even heavily
anthropically disturbed sites’) (details in Tropek and Kon-
vicka 2008); (ii) humidity requirement, a ranked variable
with five states (very dry, dry, semi-humid, humid, very hu-
mid); (iii) light requirement, ranked with five states (dark,
shaded, partly shaded, semi-open, open): (iv) distribution ex-
tent, a numeric variable expressed as the number of occupied
grid squares in the Czech distribution atlases (spiders:
Buchar and Ruzicka 2002, ground beetles: Skoupy 2004).
Because Skoupy (2004) does not include two genera of
large-bodied beetles, Cicindela and Carabus. we replaced
the missing information for captured species by means com-
puted for all remaining ground beetles (i.e.. strengthening the
null hypothesis of no pattern).

For each of the above life-history traits, we first substi-
tuted the numeric values of the traits for each captured indi-
vidual. We thus obtained means of the respective trait per
trap (weighted average values). For the next step, we com-
pared the traps with respect to character (quarry vs. seminatu-
ral sites) using one-way ANOVA. The non-parametric
Kruskal-Wallis ANOVA was used to compare the traps ac-
cording to substrate (granulite vs. limestone) and biotope
(herbaceous, scrubby and rocky biotopes). The non-paramet-
ric test was selected because of the non-optimal design (no
rocky biotopes at seminatural sites).

Results

The total catches consisted of 3029 individuals of 132
spider species and 2937 individuals of 71 ground beetle spe-
cies.

As shown by the rarefaction curves (Fig. 2), a higher
richness of both groups of epigeic arthropods occurred in
seminatural sites, this difference was more distinct for spi-
ders. The two groups did not differ in the numbers of species
in different substrates. In both ground beetles and spiders,
herbaceous biotope contained the highest species richness,
curves for scrubby biotopes had a similar shape but contained
significantly less species, whereas rocky walls were the poor-
est. A majority of the curves approached asymptotic pla-
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Figure 2. Sample rarefaction curves for pitfall catches of ground beetles and spiders. Character compares quarry and seminatural
sites, biotope compares rocky, herbaceous and scrubby biotopes, and substrate compares granulite and limestone. The bars are

standard deviation values.

teaux, except for the curves from the rocky biotope. which
was probably caused by the low number of caught species.

In ordinations (Fig. 3), quarries differed from seminatu-
ral sites in species compositions of both groups (ground bee-
tles: F = 9.09, p = 0.001; spiders: F = 8.16, p = 0.001). In
ground beetles (Fig. 3a), the group associated with quarries
consisted almost exclusively of species tolerating repeated
mechanical disturbance, as many of the species occur, e.g.,
on regularly ploughed arable fields (Bembidion quadrimacu-
latum, Bembidion lampros, Harpalus affinis, Pterostichus
melanarius, Calathus erratus, Calathus melanocephalus,
Poecilus cupreus, Poecilus versicolor). The group appeared
rather homogeneous internally, displaying low scatter along
the second ordination axis. The species associated with semi-
natural sites formed a rather wide second-axis gradient, from
species with lower humidity requirements of closed-sward
grasslands in negative values of the second ordination axis
(e.g., Amara equestris, Amara montivaga) to species with
higher humidity requirements of shady, wooded habitats
(Abax parallelepipedus, Pterostichus burmeisteri).

The homogeneous group of spiders associated with quar-
ries (Fig. 3b) contained several species of early-successional
rocks (Drassyllus pusillus, Hahnia nava, Meioneta rurestris,
Oedothorax apicatus, Phrurolithus festivus) or xeric grass-
lands (Talavera petrensis, Xerolycosa nemoralis). The group
associated with seminatural sites appeared more heterogene-
ous, containing species of woodland (Coelotes terrestris,

torpida, Haplodrassus silvestris, Pardosa
lugubris) and dry grassland (Xysticus robustus, Zodarion
germanicum,  Alopecosa  trabalis, Zelotes electus,

Trachyzelotes pedestris).

Histopona

The comparison of life-history traits (Table 2) revealed,
with regard to character, that quarries were inhabited by spi-
ders with limited distribution extent and by spiders requiring
more open habitats, whereas no such pattern applied for
ground beetles. Regarding biotope, catches of ground beetles
from herbaceous biotopes contained species of higher quality
habitats than catches from scrub and rock, with no such pat-
tern for catches of spiders. Scrubby biotopes hosted both
ground beetles and spiders preferring higher humidity. Her-
baceous and rocky biotopes (for both groups) hosted species
demanding more light. Catches of spiders but not of ground
beetles differed in terms of distribution extent: rocky bio-
topes hosted rarer spiders than scrubby and herbaceous bio-
topes. Regarding substrate, limestone catches contained both
ground beetles and spiders with limited distribution extent.

Discussion

Our study revealed several similarities in occupancy pat-
terns of quarries and adjoining seminatural habitats by
ground beetles and spiders. For both groups, species richness
was higher in the seminatural habitats than in the quarries,
herbaceous biotopes were species-richer than scrubby and
rocky biotopes. Assemblages inhabiting the quarries were
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Table 2. Comparisons of life-history traits of catches of ground beetles and spiders originating from quarries and at adjoining semi-
natural sites in the Blansky les Mts. Weighted averages per trap and individual were compared using ANOVA for character (quar-
ries vs. seminatural sites), and by Kruskal-Wallis ANOVA for substrate (granulite vs. limestone) and biotope (rocky, herbaceous
and scrubby). See ‘Material and methods’ for life-history traits description.

formed by significantly different sets of species than those
inhabiting the seminatural habitats. The substrate had no ef-
fect on species richness of both groups, but limestone sites
hosted spiders and ground beetles demanding habitats of
higher quality (according to Buchar 1983). Importantly, the
quarries tended to be occupied by regionally rarer spiders
(Tropek and Konvicka 2008), but no such pattern applied to

1.0

S
%

Traits compared Ground beetles Spiders

ANOVA df F P Direction F P Direction
character

Habitat quality 1 072 ns - 1.69 ns -

Humidity requirement 1 0.02 ns - 0.01 ns -

Light requirement 1 239 ns - 26.61 - g >sn
Distribution extent 1 0.03 ns - 4293 sn>gq
Kruskal-Wallis H p Direction H p Direction
substrate

Habitat quality 1 1.02 ns - 0.24 ns -

Humidity requirement 1 3.09 ns - 0.66 ns -

Light requirement 1 140 ns - 1.53 ns -
Distribution extent 1 864 - g=>| 913 * g=>l
biotope

Habitat quality 2 2806 e (sc=r)<h 019 ns -

Humidity requirement 2 1697 b sc>(h=r) 8.06 * sc>(h=r)
Light requirement 2 4329 > sc<(h=r) 27.84 o sc<(h=r)
Distribution extent 2 357 ns - 12.04 * (sc=h)>r

Abbreviations in column “direction” — Character: q, quarry; sn, seminatural. — Biotope: h, herbaceous; r,
rocky; sc, scrubby. — Substrate: g, granulite; |, limestone. ns: not significant; *: p < 0.05; **: p < 0.01.
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ground beetles. A survey limited to ground beetles only, as
well as a survey limited to species richness, would therefore
fail to detect the conservation potential of the quarries.

The differences in life-history traits between the two
groups were not dramatic: none of the life-history patterns
disclosed for one group went in an opposing direction for the
other group. Still, the few differences between ground bee-
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Figure 3. Ordination diagram of CCA analysis, comparing ground beetles and spiders catches in quarries and adjoining seminatural
habitats of the Blansky les Mts. (a) Ground beetles: Ist axis % var. expl. =2.6, F =9.09, p=0.001. (b) Spiders: Ist axis % var. expl.
=22,F=28.16,p=0.001. Only species having the highest fit (more than three per cent) to the ordination model are shown. See Ap-
pendix, for species names.
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tles and spiders warrant interpretation, considering that our
survey targeted two groups of remarkably similar ecology,
both being composed of ground-dwelling predators. Among
the recent studies using multi-taxa approach for comparing
the conservation value of habitats, disparities seem to be fre-
quent among groups exhibiting different life-history traits.
Examples include comparisons between generalist and spe-
cialist beetles (Batary et al. 2007), diurnal butterflies and
nocturnal moths (Ricketts et al. 2002, Cremene et al. 20035,
Baur et al. 2006). and vertebrates, invertebrates and plants
(e.g., Kati et al. 2004, Roth et al. 2008).

The fact that the quarries tended to be colonised by re-
gionally rare spiders but not by regionally rare ground beetles
is probably due to differences in the composition of species
pools providing colonists for these early-successional sites
(cf. Brandle et al. 2003, Broring and Wiegleb 2005, Novak
and Konvicka 2006). Czech spider fauna contains a consid-
erable number of specialists of open rocks and scree, many
of them with restricted distribution and of conservation inter-
est (Ruzicka 2000, Buchar and Ruzicka 2002). Rocky habi-
tats are rare in the wide environs of study sites, but spiders as
a group are efficient colonisers, profiting from the ability of
ballooning (Wheater et al. 2000, Edwards and Thornton
2001, Weyman et al. 2002). On the other hand, practically all
ground beetles inhabiting the quarries were common gener-
alists, occurring at such inhospitable habitats as arable fields.
Because they depend on ground-running or on active, dis-
tance-limited flight (cf. Small et al. 2006, Gutierrez et al.
2004) or form fully-winged adults just occasionally (Hurka
1996, Kotze and O’Hara 2003), ground beetles are poorer
dispersers than spiders. Typical habitats of the rare repre-
sentatives of Czech ground beetles that exploit early-succes-
sional conditions include exposed riverine sediments and
gravel and sand beds. These species usually disperse along
water courses (Andersen 2000, Andersen and Hanssen 2005,
Bates et al. 2007). Because none of our quarries adjoined a
river, they were still not accessible for such colonists.

Conclusions for conservation and monitoring

The previous finding that quarries tended to be colonised
by regionally rare species of spiders (Tropek and Konvicka
2008) did not apply to ground beetles. This observation sup-
ports the claims that assessment of conservation value of
natural localities, and planning of their future uses, should be
based on multiple groups. This multi-taxa or ‘shopping bas-
ket” approach (Niemela and Baur 1998, Sauberer et al. 2004)
may be particularly important for heavily human-exploited,
early-successional or dynamic environments, such as various
kinds of post-industrial barrens, where taxon-specific pecu-
liarities in dispersal and colonisation ability affect the com-
position of local communities.

Another message of this study is the necessity to consider
species identities, and life-history traits, in conservation sur-
veys and monitoring. Too often, monitoring projects con-
clude by comparing species richness or such indices as diver-
sities or specialists: generalists ratios. In our case, the sites

Tropek et al.

did not differ in species richness at all. Considering that data
collection and species identification consume the largest
shares of monitoring costs, it is unwise to stop and only com-
pare richness, and it is highly desirable to invest into deeper,
species-level analyses.
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Appendix. Key to species abbreviations.

Ground beetles (Figure 3a). Aaen — Amara aenea (De
Geer, 1774); Aequ — Amara equestris (Duftschmid, 1812);
Amon — Amara montivaga Sturm, 1825; Apar — Abax paral-
lelus (Duftschmid, 1812); Aplp — Abax parallelepipedus
(Piller & Mitterpacher, 1783); Atib — Amara tibialis
(Paykull, 1798): Blam — Bembidon lampros (Herbst, 1784);
Bqua — Bembidion quadrimaculatum (Linnaeus, 1761);
Ccon — Carabus convexus Fabricius, 1775; Ccor — Carabus
coriaceus Linnaeus, 1758; Cerr — Calathus erratius (C. R.
Sahlberg, 1827); Cgra — Carabus granulatus l.innaeus,
1758; Chor — Carabus hortensis Linnaeus, 1758; Cmel — Ca-
lathus melanocephalus (Linnaeus, 1758); Csch — Carabus
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scheidleri Panzer, 1799; Haff — Harpalus affinis (Schrank,
1781); Hdis — Harpalus distinguendus (Duftschmid, 1812);
Hhon — Harpalus honestus (Duftschmid, 1812); Hrub — Har-
palus rubripes (Duftschmid, 1812); Mela — Molops elatus
(Fabricius, 1801); Mmau — Microlestes maurus (Sturm,
1827); Mmin — Microlestes minutulus (Goeze, 1777); Nbig —
Notiophilus biguttatus (Fabricius, 1799); Pbur — Pterostichus
burmeisteri Heer 1841; Pcup — Poecilus cupreus (Linnaues,
1758); Plep — Poecilus lepidus (Leske, 1785); Pmel — Pteros-
tichus melanarius (1lliger, 1798); Pver — Poecilus versicolor
(Sturm, 1824).

Spiders (Figure 3b). Acun — Alopecosa cuneata (Clerck,
1757); Atae — Alopecosa taeniata (C. L. Koch, 1835): Cter —
Coelotes terrestris (Wider, 1834); Dpus — Drassyllus pusil-
lus (C. L. Koch, 1833); Eatr — Erigone atra Blackwall, 1833;
Hnav — Hahnia nava (Blackwall, 1841); Hsil — Haplodrassus
signifer (C. L. Koch, 1839); Htorp — Histopona torpida (C.
L. Koch, 1834); Lfla — Lepthyphantes flavipes (Blackwall,
1854); Lmen — Lepthyphantes mengei Kulczynski, 1887;
Mrur — Meioneta rurestris (C. L.. Koch, 1836); Oapi— Oedot-
horax apicatus (Blackwall, 1850); Pala— Pardosa alacris (C.
L. Koch, 1833); Pdeg — Pachygnatha degeeri Sundevall,
1830; Pfes — Phrurolithus festivus (C. L. Koch, 1835): Plug
— Pardosa lugubris (Walckenaer, 1802); Ppal — Pardosa pal-
ustris (Linnaeus, 1758); Ppul — Pardosa pullata (Clerck,
1757); Tfor — Thanatus formicinus (Clerck, 1757); Tped —
Trachyzelotes pedestris (C. L. Koch, 1837); Tpet — Talavera
petrensis (C. L. Koch, 1837); Tter — Trochosa terricola
Thorell, 1856; Xaud — Xysticus audax (Schrank, 1803); Xbif
— Xysticus bifasciatus C. L. Koch, 1837; Xkoc — Xysticus ko-
chi Thorell, 1872; Xnem — Xerolycosa nemoralis (Westring,
1861); Xrob — Xysticus robustus (Hahn, 1832); Zele —
Zelotes electus (C. L. Koch, 1839); Zger — Zodarion ger-
manicum (C. L. Koch, 1837); Zpet — Zelotes petrensis (C. L.
Koch, 1839); Zsub — Zelotes subterraneus (C. L. Koch,
1833).
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Shrnuti a zaveér

V této praci prezentuji a v ramci jednotlivych ¢lank( zhodnocuiji vyuZiti stievlikovitych broukd
jako vhodné bioindikacni skupiny pro hodnoceni kvality prostiedi. Strevlikoviti maji
neoddiskutovatelnou vyhodu ve stupni poznani biologie jednotlivych druhd, a to jak druhd
béznych tak i vzacnych Zijicich v teritoriu stfedni Evropy. PouZzitim téchto znalosti v co
nejvy$si komplexité (tj. naptiklad bionomie, adaptabilita, roziifeni v Ceské republice apod.) a
jejich nalednou kategorizaci, ziskdvame pfi statistickém zpracovani dat o slozeni
spolecenstev presnéjsi vysledky, lépe hodnotici kvalitu zkoumaného prostredi. Pfesto je pro
celkovou interpretaci sloZeni spolec¢enstev vhodné a mnohdy i nezbytné pouZit data ziskana
komplementdrnim sbérem i jinych skupin Zivocicht ¢i rostlin. Stfevlikoviti jsou totiz pres
povétSinou epigeicky zpuUsob Zivota skupinou vnitiné znacné diferenciovanou (potravni
naroky, naroky na Zivotni prostredi, adaptace na Zivot v extrémnich podminkach...), cozZ je

zohlednéno v nejpouzitelnéjsi kategorizaci v bioindikaci dle HORkY et al. (1996).

V rdmci prvnich dvou publikaci (I a Il) jsme se zaméfili na pouZiti a ovéreni metodiky a
bioindikaci stfevlikovitych v lesnich podminkach. Prvni studii (Publikace I) jsme zaméfili na
srovnani fauny dvou lesnich rezervaci s obdobnym lesnim porostem, pficemz pouze jedna je
nejvyznamnéjsim sutovym lesem ve Vsetinskych vrsich. Mimo stfevlikovitych jsme studovali
pritomnost bioindikac¢nich druh( ve spolecenstvech dalSich epigeickych bezobratlych —
pavoukU a dalSich. BohuZel v ramci této studie byly v obou rezervacich zaznamenany jen dva
druhy stfevlikovitych hodnocené HORkou et al. (1996) jako reliktni. Zadny z téchto dvou
druhl a ani dalsi zjisténé druhy stfevlikovitych nevykazovaly dle znalosti jejich ekologie
afinitu ke kamenitému podkladu v lesich. Naproti tomu byly v rezervacich zastizeny druhy
pavoukl, které tuto afinitu dle literatury vykazuji. Pro vyhodnoceni kvality téchto rezervaci
se zretelem na pritomnost rozsahlé suté bylo proto nutné zapojeni dat dalSich epigeickych
bezobratlych (zde pavouk(). Nami zjiSténé spolecenstvo strevlikovitych rovnéz neobsahovalo
zadné "malé" druhy, druhy arborikolni a druhy prokazatelné preferujici svétly les.

Na tyto a dalSi zimujici bezobratlé jsme se proto zaméfili ve druhé studii prezentované
v této praci (Publikace Il). Sbérem zimujicich bezobratlych na rlizné oslunénych stromech
jedle bélokoré — prirozené soucasti lesnich porostli pred dobou s vyznamnym ovlivnénim
struktury lest clovékem — jsme zastihli i spolecenstvo arborikolnich stfevlik(i. Dva ze
zjisténych druh( se vyskytuji v lesnim prostredi ¢asto podél vodoteci a byli nalezeni vidy na
jedlich v ekotonu lesa. Vyskyt téchto dvou druhl stfevlik(i v podminkach lesnich porostl ve
stfednich vyskach naznacuje, Ze i jedlobuciny mély v jesté v neddvné nedavné historii
prirozené oteviengjsi strukturu nez je tomu nyni, a to i diky lokalnim povodnim a nasledné
vyvolanym sesuvim.

Dale jsme pfi hodnoceni kvality prostfedi zkoumali niZinné lesy, které by dle teorii mély
mit otevienéjsi a vékové ruznorodéjsi strukturu (Publikace Ill). Studium jsme zaméfili na
vyhodnoceni oborového hospodareni v lese, kde se na casti ploch nadale vyuzivaji tradicni
lesnické metody, formy vymladkového hospodareni. Jako bioindikacni skupinu jsme zvolili
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epigeické bezobratlé, véetné strevlikovitych. Nase vysledky ukazaly, Ze svétly les hosti vice
druh( strevlikovitych, vice druhl chranénych a dle kategorizace (HORKA et al. 1996) i druh
reliktnich vyZadujicich otevieny svétly les (STANOvskY J. & PuLPAN J. 2006). Oborové
hospodareni a zvlasté ¢asti lesnich porostl s velmi vysokymi stavy zvére naopak korelovaly
negativné s druhovou diverzitou i pfitomnosti ochrandrsky zajimavych druht. Vysledky byly
konzistentni i se zavéry ziskanymi analyzou spolecenstva pavoukl, stonozek, mnohonozek,
sekacl a stejnonozcl. Nizinné lesy ve stfedni Evropé tedy musely mit dfive vyrazné jinou,
otevienéjsi strukturu. Tato struktura byla uchovavdna v poslednich staletich zvlasté
specialnimi lesnickymi postupy, napf. péstovani parezin ¢i sttedniho lesa. Bez obnovy téchto
lesnickych postupli neni mozné uchovat bohatou biodiverzitu epigeického hmyzu, ktery se
na svétlé nizinné lesy vaze. V ptipadé lesnich druht strevlikovitych bylo za dané metodiky
uziti strevlikovitych vyhodnoceno jako vhodné.

Skupinu strevlikovitych jsme pouZili ddle pro zhodnoceni ptirodnich hodnot Cdisté
antropogenniho biotopu — ¢ernouhelnych hald a vysypek na Kladensku (Publikace V).
Potencial ¢ernouhelnych hald jako nahradni biotop s vysokou biodiverzitou v biologicky
sterilni kulturni krajiné je nyni ohrozen jak rekultiva¢nimi snahami, tak pokrocilou sukcesi.
Mimo strevlikovité brouky jsme zde sledovali i dalSi skupiny bezobratlych a hmyzu a také
cévnaté rostliny. Pokud jsme vyhodnotili prostou druhovou bohatost jednotlivych
spolecenstev, dvé skupiny (kfisi a herbivorni brouci), byly asociovdny s prostifedim
rekultivovanych hald. Pokud jsme ale zohlednili i kategorie ohrozenosti z Cerveného
seznamu a dale i Zivotni naroky zaznamenanych druhd, prikazné se projevila asociace vsech
zkoumanych skupin k prostredi hald ponechanych ptirozené sukcesi oproti rekultivovanym
haldam. Potencidl rané aZ stfedné sukcesnich stadii nerekultivovanych hald byl tedy
dostatecné vyhodnotitelny za pouziti skupiny strevlikovitych, dalsi skupiny vSak v Zadouci
mife zostfily a podlozily interpretaci.

V rdmci hodnoceni vapencovych lom@ v Ceském krase a jiznich Cechach (Publikace V a
VI) jsme dosli kjinym vysledkim. Pri vyhodnoceni dat se ukdazalo, Ze prostredi
nerekultivovanych lomd v Ceském krase, na rozdil od vétsiny dalsich skupin, nehostilo
z pohledu ohrozenosti sledovanych druh( dle Cerveného seznamu (FARKAC et al. 2005) a
jejich Zivotnich narokd kvalitnéjsi spolecenstvo stievlikovitych, nez jaké bylo asociovdno
s rekultivovanymi c¢astmi lomQ. Jako jedind skupina ze zkoumanych také v prostredi
rekultivovanych ¢asti dosahlo spoleenstvo strevlikovitych vyssi druhové bohatosti nez
v Castech ponechanych prirozené sukcesi. Pouze pouzZiti metody zemnich pasti zde
nezaznamenalo zfejmé dostatecné celé spolecenstvo stfevlikovitych diky adaptacim a
extrémnim podminkam holého kamenitého podkladu a bez zapojeni poznatk( dalSich skupin
by nebyl potencidl lom( v ochrané pfirody dostatecné ohodnocen (Publikace V). Obdobné
nebyly v prostfedi lomG v jiznich Cechach, na rozdil od spole€enstva pavoukd, zjistény
ohrozené druhy strevlikovitych asociovanych s prostiedi rané sukcese a s prostredim
kamenitych biotop vibec (Publikace VI). Kromé moZiného omezeni pouZité metodiky
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zemnich pasti a pasti na kolmych lomovych sténach je v tomto pripadé moiné, Ze lomy
v lesnim prostredi nebyly dosud osidleny pionyrskymi druhy stfevlik( — na rozdil od pavoukd.

Strevlikoviti mohou slouZit jako vhodna skupina pro bioindikaci zachovalosti a potencidlu
biotopl v ochrané ptirody. Vzhledem k omezeni dané nejéastéji pouzivanou metodikou je
pro snizeni pravdépodobnosti chybné interpretace nutné studie stavét vidy na co nejsirSim
spektru vyhodnocovanych skupin rostlin a Zivocichll. Zaroven je nutné analyzovat nejen
pouhou druhovou bohatost spoleCenstev, ale do statistického zpracovani zapojit i dalsi
proménné (Zivotni ndroky, vazbu na biotop, ochrandrsky status dle ceskych zakon( i
Cerveného seznamu &i znalosti o rozsiteni druhd v Ceské republice).
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