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Abstrakt

Oblast severozapadnich Cech je v poslednich desetiletich vyrazné zatizena povrchovou
téZbou hnédého uhli a v souvislosti s ni zde vznikaji rozsahlé post-téZebni plochy. Mezi nimi i
vysypky, tj. mista, kam je ukladan skryvkovy material, ktery se nachazi nad vrstvou tézeného
uhli. Na nepropustném podlozi vysypek vznikaji v terénnich snizenindch moktady a tiing, vyssi
partie maji naopak xerotermni charakter. Na vysypkach, pokud vSak nejsou v dalSich krocich
technicky rekultivovany, se vytvaii pestra mozaika stanovist’ se znacnou biologickou hodnotou.
V Ceské republice oviem stale pfevazuje vyuZivani technické rekultivace, béhem které dochazi
k zarovnani terénu a k likvidaci vyvySenych mist i vétSiny vodnich ploch a s nimi ¢asto i jedinct
¢i lokalnich populaci druhti, které je obyvaji. Vysledky studii na jednotlivych taxonech ukazuji,
ze na vysypkach ponechanych spontannimu vyvoji, resp. bez rozsahlych terénnich tprav, se
zpravidla vyskytuje vice druht, které v soucasné dob& povazujeme za vzacné a ohrozené.
Podobné srovnani ovSem doposud chybélo u obojzivelnikii, podobné jako porovnani
konkrétnich parametrii prostiedi na vysypkach ponechanych svému vyvoji a vysypkach
technicky upravenych a nésledné¢ vyuzivanych zejména pro zemédélské a lesnické ucely.
Predkladana prace se vénuje sledovani post-tézebnich ploch ponechanych spontanni sukcesi
z hlediska vlastnosti prostiedi (Pfilohy I a IV) a vyskytu obojzivelnika (Pfiloha II) i jejich
biologii (Ptiloha II). Na sukcesnich plochach bylo zaznamenano mnohem vice vodnich ploch
S vhodnéjSimi parametry pro vyskyt obojzivelnikii nez na plochach po technické rekultivaci
(Ptiloha I), jsou zde také pocetnéj$i populace skokana §tihlého i vétsi druhova diverzita
obojzivelniki (Ptiloha IT). Mnozstvi vodnich biotopti je na plochach ponechanych spontanni
sukcesi mimotadné i ve srovnani s okolni, tézbou nedotéenou krajinou (Pfiloha IV). Studie
zaméfena na sledovani velikosti sntisek skokana §tihlého na Hornojifetinské vysypce prokazala
jak sezonni, tak prostorovou variabilitu ve velikosti sntisek tohoto druhu (Pfiloha I1). Vysledky
predkladané prace poukazuji na mimotadny biologicky vyznam a potencial té¢Zbou dotcenych
ploch, zejména téch nerekultivovanych. Proto je tfeba prosazovat vy$$i miru uplatnéni
spontanni sukcese vV ramci obnovy post-téZebni krajiny. K ¢emuz snad argumentaéné ptispéje i

tato prace.



Abstract

In recent decades, regional northwestern Bohemia has been significantly affected by surface
lignite mining, and large post-mining areas have been created in connection with it. Among
those dumps, ie places where overburden material is stored, which is located above the layer of
mined coal. Wetlands and ponds are formed in the terrain depressions on the impermeable
subsoil of the dumps, while the higher parts have a xerothermic character. A diverse mosaic of
habitats with considerable biological value is created on the spoil banks. In the Czech Republic,
however, technical reclamation is still used, during which the terrain is levelled and elevated
places and most water bodies are destroyed, including local populations and habitats of many
species. The results of studies on individual taxa show that on dumps left to develop
spontaneously (without intensive landscaping), there are usually more species that we consider
rare and endangered. However, a similar comparison has so far been lacking in amphibians,
similar to the comparison of specific environmental parameters on spoil banks left to their
development and spoil banks technically reclaimed. This thesis focuses on monitoring of the
post-mining areas retained by the properties of spontaneous succession in terms of the
environment (Annex | and V) and the occurrence of amphibians (Annex 11) and their biology
(Annex 11). In succession areas, many more water areas were recorded with more suitable
parameters for the occurrence of amphibians than spoil banks after technical reclamation
(Annex I), there are also larger populations and greater species diversity of amphibians (Annex
I1). Aquatic habitats in areas left by spontaneous succession are extraordinary even in
comparison with the surrounding environment (Annex IV). A study aimed at monitoring the
clutch size variation in agile frog (Rana dalmatina) on post-mining areas showed both seasonal
and spatial variability (Annex I11). The results of the presented study point to the extraordinary
biological value and potential of post-mining areas, especially those not reclaimed. Therefore,
it is necessary to promote a higher rate of spontaneous succession in the restoration of the post-

mining landscape. Perhaps this study will also contribute to this argument.
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1. Uvod

Obojzivelnici jsou ekologicky velmi zajimavou (Duellman & Trueb, 1994), ale zaroven
velmi ohrozenou skupinou organismi (Green et. al, 2020; Kiesecker 2011). Ohrozuje je fada
faktoru, ale mezi ty nejvyznamnéjsi patii destrukce jejich biotopt a zmény v krajin¢ (Collins &
Crump, 2010; Cushman, 2006; Hartel et al., 2009; Hof et al., 2011; Scribner et al., 2001). Mezi
vyznamné zasahy do krajiny mizeme zafadit i velkoplo$nou tézbu nerostnych surovin (napf.
Kelly et al., 2012; Marcus, 1997; Miller & Zégre, 2014), u nas zejména povrchovou tézbu
hnédého uhli v severozapadnich Cechach (Vrablik et al., 2020; Vrablikova et al., 2008, 2016).
Vl1iv na tbytek obojzivelnik maji ale i nedostatky v legislativni ochrané ptirody. V zakoné ¢.
114/92 Sh., v platném znéni, je zakotvena relativné ptisna ochrana zvlasté chranénych druha i
konkrétnich jedincti, méné v§ak ochrana jejich prostiedi, které je ale pro jejich vyskyt kli¢ové.
Mimo plochy zvlasté chranénych tizemi tak ¢asto neni zajisténa dostate¢na ochrana nékterych
vhodnych stanovist’ (i napf. pro zvlasté chranéné druhy), kterymi mohou post-tézebni plochy
byt (napt. Mikatova & Vlasin, 2002; Rehounek et al., 2010; Vojar, 2007; Zavadil et al., 2011).

Post-tézebni krajina, typicky lomy a vysypky, je pozistatkem rozsahlé devastace krajiny
po t&€Zb& nerostnych surovin. Na druhou stranu zde vznikaji Gplné€ nova prostiedi, kterd byvaji
v ramci primarni sukcese osidlovana fadou organismu (Bejcek, 1982; Bejcek & Tyrner, 1980;
Broring et al., 2005; Hendrychova et al., 2009; Mudrak & Frouz, 2018; Rathke & Broring,
2005) vc¢etné obojzivelnika (Galan, 1997; Lannoo et al., 2009; Smolova et al., 2010; Vojar,
2006). Studie provedené u rostlin (Hodacova & Prach, 2003; Prach & Pysek, 2001; Tropek et
al., 2010; Sebelikova et al., 2020), bezobratlych (Benes et al., 2003; Brindle et al., 2000;
Broring & Wiegleb, 2005; Hendrychova & Bogusch, 2016; Holec & Frouz, 2005) a obratlovctu
(Hendrychova et al., 2009; Smolova et al., 2010) z post-tézebnich uzemi dokazuji, Ze tyto
plochy byvaji velmi cennymi biotopy, na kterych se vyskytuje celd tfada ochrandisky
vyznamnych druht. Zaroven dokazuji, Ze biologickd hodnota téchto uzemi je vyznamné
ovlivnéna zptsobem rekultivace. Pii technickych rekultivacich dochdzi k zarovnani ptiivodné
¢lenitého terénu a k likvidaci vétsiny vodnich biotopt (Vojar, 2007), pestra mozaika riznych
typl biotopl je tak nahrazovana uniformnim prostiedim (Hodacova & Prach, 2003; Vojar,
2007; Hendrychova et al., 2009). Rada praci (napi. Harabis, 2016; Hendrychova et al., 2008,
2020; Kolar et al., 2021; Polakova et al., 2022; Prach & Hobbs, 2008; Tropek et al., 2012)

zaznamenala vétsi druhovou diverzitu na vysypkach ponechanych svému vyvoji v porovnani
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s plochami po rekultivaci. Na vysypkach ponechanych spontanni sukcesi byl také zaznamenan
vyssi pocet druhti 1 pocetnéjsi populace obojzivelniki (Smolova et al., 2010), coz je spojovano
s vyskytem vétsiho poctu vodnich biotopu a vEtsi heterogenitou prosttedi nez na vysypkach po

technické rekultivaci.

Zavadil (2007) dokonce tvrdi, ze vysypky (zejména ty ponechané piirozenému vyvoji)
jsou z pohledu obojzivelnikti jednémi z nejvyznamnéjSich biotopti u nas a stavaji se refugii
jejich vyskytu. Tézbou neovlivnéna krajina se diky zménam, které v ni probihaji (fragmentace,
zastavba, intenzivni lesnické a zeméd¢€lské hospodatreni, snizovani krajinné diverzity a velikosti
zrna krajinné mozaiky) (napt. Vojar, 2007; Zavadil et al., 2011), stava pro obojzivelniky ¢im
dal mén¢ vhodnym prosttedim. Nékteré studie dokladaji, ze diverzita ohrozenych druhi je na
vysypkéch Casto vyssi nez v okolni krajiné (Hendrychova et al., 2008, 2012; Hodacova & Prach,
2003; Mudrak et al., 2010; Tischew et al., 2014; Tropek et al., 2010). Krom¢ podpory diverzity
a vzacnych druh@ mohou nerekultivované vysypky poskytovat i dal$i ekosystémové sluzby,
napi. mohou zvysit retenci vody v krajiné (Kolodziej et al., 2016) a usnadnovat pohyb
nékterych druhti (Cushman, 2006; Hartel & Ollerer, 2009; Sjdégren, 1991; Vojar, 2006, 2015).
Mnozstvi vodnich ploch nachazejicich se na sukcesnich vysypkach by tak mohlo kompenzovat

jejich ubytek v okolni krajiné.

Aby byly principy sukcese v rekultivaénim procesu vice zohlediiovany, je tieba
argumentovat biologickym vyznamem téchto tUzemi na zéklad¢ seridozniho védeckého
vyzkumu, zejména ve srovnani s plochami rekultivovanymi tradi¢nim zptisobem, piipadné
s okolni krajinou. Nicméné doposud chybélo detailni porovnani parametrii prostiedi mezi
plochami ponechanymi samovolné sukcesi a plochami po rekultivaci, ptip. mezi téZzebni a
netézebni krajinou. Ve srovnani ploch sukcesnich a po technické rekultivaci také donedavna
byly opomijené na vodu vazané taxony, obojzivelniky nevyjimaje. Pfedkladana diserta¢ni prace
se proto detailn&ji zaméfuje na zhodnoceni poc¢tu a vlastnosti vodnich biotopt S vyznamem pro
obojzivelniky na vétSin€ vysypek v Mostecké oblasti a okolniho prostiedi, které t€Zbou nebylo
ovlivnéno. Dal§im cilem bylo provedeni systematického faunistického prazkumu
obojzivelniki, véetné vlivu biotopovych charakteristik na jejich vyskyt na vysypkach a blizsi
studium vybranych aspektt biologie (velikosti snisek) modelového druhu, skokana $tihlého

(Rana dalmatina) na Hornojitetinské vysypce.
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Konkrétnimi cili disertacni prace jsou:

1)  Literarni reSerSe vénovana obojzivelnikim na post-téZzebnich plochach a

problematice rekultivaci (kap. 2).

2)  Porovnani vlastnosti reprodukénich biotopi — vodnich ploch — na

rekultivovanych a nerekultivovanych vysypkach na Mostecku (kap. 3.1, Ptiloha
).

3)  Srovnani diverzity obojzivelnikli na vysypkach dle zpusobu jejich rekultivace
(kap. 3.2, Priloha II).

4)  Sledovani variability velikosti snisek skokana S§tihlého na Hornojifetinské

vysypce (kap. 3.3, Piiloha IlI).

5)  Porovnani vlastnosti reprodukénich biotopti — vodnich ploch — na post-téZebnich

plochach s okolni krajinou, t€Zbou nezasazenou (kap. 3.4, Ptiloha IV).

Uvod do tématu a usporadani prace

Tématu své disertacni prace, resp. terénnim vyzkumim obojZivelnikli na mosteckych
spolupracovnikii ziskdno mnozstvi dat, jez bylo C¢asteCné zpracovano a néktera data
publikovana, u jinych stale probiha sbér ¢i jejich zpracovani. Ve své disertaci praci jsem se
zaméfila na prostedi post-t€Zebnich ploch a vyznam téchto ploch pro obojzivelniky, vcetné
zkoumani biologie modelového druhu, skokana §tihlého. Pfedkladana prace je tvofena kratkym
uvodem ve formé tematickeé literarni reSerse, ktera propojuje a tematicky zasazuje publikované
komentar k jednotlivym publikacim. Prace tedy nemd klasickou strukturu, neobsahuje

samostatnou metodiku, vysledky atd., ale tyto ¢asti jsou soucasti jednotlivych publikaci.

Na vlastni publikace, jez jsou soucasti predkladané prace, je dale v textu odkazovano
formou klasickych citaci i pomoci oznaceni Pfiloha I-IV. Prace jsou tak snadno

identifikovatelné v celém textu predkladané disertacni prace.
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Stav ohrozeni a pri¢iny ubyvani obojzivelniki

2. Piehled soucasného stavu problematiky

2.1 Stav ohroZeni a pri€iny ubyvani obojZivelniki

Obojzivelnici patii celosvétoveé mezi nejvice ohrozené skupiny zivoc¢ichi (Green et. al,
2020; Kiesecker 2011; Pounds, 2001). Cerveny seznam ohrozenych druht ITUCN oznacuje
obojzivelniky jako nejvice ohrozenou skupinu obratlovcl. Pfimo vyhubenim je ohrozeno 41 %
vSech znamych druhd (IUCN, 2022). Snizovani pocetnosti populaci obojzivelniki bylo
zaznamenano zejména v poslednich desetiletich, a to na lokalni i svétové arovni (Alford et al.,
2001; Green et. al, 2020; Houlahan et al., 2000; Kiesecker 2011; Mendelson et al., 2006;
Rachowicz et al., 2006; Semlitsch, 2003; Stuart et al., 2004). Globalni tbytek pocetnosti i
diverzity obojzivelnikl je zptisoben fadou pficin spojenych s rozvojem lidské ¢innosti a jejim

vlivem na zivotni prostiedi (Collins & Storfer, 2003; Collins & Crump, 2010; Pounds, 2001).

Duvodt, pro¢ obojzivelnikii ubyva, je cela fada, Casto ptisobi nepfimo ¢i provazané
(napf. Blaustein & Dobson, 2006; Blaustein & Kiesecker, 2002; Green et. al, 2020; Kiesecker
et al., 2001; Pounds et al., 2006). Hodnoceni velikosti populaci navic komplikuji pro
obojzivelniky typické pfirozené fluktuace pocetnich stavii (Gendron et al., 2003; Pechmann et
al., 1991; Pechmann, 2003). Vyrazné tbytky obojZivelnikd jsou znamé i z prostiedi clovékem
zdanlivé nedotéenych (Blaustein et al., 1998; Jefabkova et al., 2017; Pounds et al., 1997).
Nejvyznamnéjsi pticiny ohrozeni jsou shrnuty v fadé praci (napi. Alford & Richards, 1999;
Beebee & Griffiths, 2005; Green et. al, 2020; Semlitsch, 2003). Collins & Storfer (2003)
klasifikuji tyto pfic¢iny do dvou zakladnich skupin: pfimé vs nepiimé. Pfimé vlivy jsou napft.
zanik biotopti a zmény v krajing ¢i absence managmentu (napt. Dodd & Smith, 2003; Ficetola
& de Bernardi, 2004; Zavadil et al., 2011), fragmentace, fyzicka likvidace a vliv dopravy (Heigl
et al.,, 2017; Hels & Buchwald, 2001) a invaze predatort ¢i kompetitort véetné vysazovani
nepivodnich druhti (zamérného i nezamérného) do volné ptirody (Downie et al., 2019; Falaschi
et al., 2020; Kiesecker, 2003). Pisobeni téchto vlivii je povazovano za pomérn¢ dobie
prozkoumané (Gardner et al., 2007), coz je pravdépodobné i jednim z davodi, proc je v
posledni dobé vénovano mnohem vice pozornosti studiu vlivli neptimych a jejich synergickému
pusobeni (napi. Beebee & Griffiths, 2005; Blaustein & Kiesecker, 2002; Collins & Storfer,
2003; Darling & Coté, 2008; Yu et al., 2015). Jedna se napt. pusobeni UV zéafeni a zmény
klimatu (Carey & Alexander, 2003; Cummins, 2003; Moravec, 2019), kontaminace toxickymi
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latkami (Greulich & Pflugmacher, 2003; Horne & Dunson, 1995) ¢i infek¢éni choroby a
patogenni houby (Blaustein et al., 1994; Carey et al., 1999; Jirkli & Balaz, 2021; Vojar et al.,
2021). Celosvétoveé rozsifené onemocnéni obojzivelniki zplisobené patogennimi houbami
Batrachochytrium dendrobatidis (Bd) (rozsifend i na azemi CR (Vojar et al., 2021)) a B.
salamandrivorans (Bsal), zvané chytridiomykéza, je z hlediska poctu zasazenych druht
povazovana za nejhorsi infekéni onemocnéni (Gascon et al., 2007), které zasahuje vSechny tii

fady obojzivelnika (Fisher et al., 2012).

Dalsim pii¢inami tibytku obojZivelnikd jsou nahodné zmény vné&jsiho prostiedi — vlivy
stochastické (vykyvy pocasi, sucho, pozar, zaplavy, pusobeni predatord) ¢i nahodné
demografické zmény uvniti populace (zmény poméru pohlavi, v natalité a mortalit¢) (Marsh &
Trenham, 2001). Zjistit davod poklesti pocetnosti populaci je ovSem zasadni pro zvoleni
vhodného ochranaiského opatieni (Vojar, 2007). V piipadé negativniho pisobeni zietelnych
vngjsich jev je tfeba zaméftit pozornost na management vlastnich biotopti (napf. zlepsit kvalitu
vody, snizit zarybnéni, zménit obdobi vypousténi rybnika, podpofit rakosiny). Pokud jsou ale
podminky na lokalit¢ dobré a k uhynu pfesto dochazi, stoji za tim jina pfi¢ina, jez musi byt
identifikovana (napf. neprostupnost krajiny, ptisobeni patogentl, aj.) (Vojar, 2007). Podobné¢ je
znalost ohrozujicich pfi¢in a jejich odstranéni zasadni u reintrodukci, repatriaci 1 posilovani

populaci (Allendorf & Luikart, 2007; Groom et al., 2006; Primack, 2006).

Celkové se na tizemi CR nachazi 21 druhii obojzivelniki s réiznym stupném ochrany

v ramci CR i mezinarodni legislativy (viz Tab. 1)
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Tab. 1: OhroZeni nasich obojzivelniki podle ¢eské legislativy a Gerveného seznamu CR: Ceské nazvy —
podle soucasné platného nazvoslovi (Moravec, 2001); védecky nazev puvodni — dle vyhlasky ¢&.
395/1992 Sb.; soucasny — dle soucasnych zmén v systematice (zejména dle Frost et al., 2006); Kategorie
ochrany druhu dle Vyhlasky €. 395/1992 Sb. v platném znéni: KO — kriticky ohrozeny druh, SO — silné
ohrozeny, O — ohrozeny druh; Druhy zatazené do_Cerveného seznamu CR: CR — critically endangered
(kriticky ohroZeny druh), EN — endangered (ohrozeny), NT — near threatened (téméf ohrozeny), VU —
vulnerable (zranitelny)(Jefabkova et al., 2017); Druhy uvedené v Piiloze Smérnice 92/43/EHS ze dne
21. kvétna 1992 o ochrané piirodnich stanovist, volné Zijicich zivocichdl a plané rostoucich rostlin
(Smeérnice o stanovistich): II — druhy Zivoc€icht a rostlin v z&jmu Spolecenstvi, které vyzaduji vyhlaSeni
chrdnénych tizemi, IV — druhy zivoc€ichil a rostlin v zajmu Spolecenstvi, které vyzaduji pfisnou ochranu,
V — druhy Zivocichl a rostlin v zajmu Spolecenstvi, jejichz odchyt a odebirani ve volné ptirod¢ a
vyuzivani miize byt predmétem urcitych opatieni na jejich obhospodarovani.

zatazeni druhu ochrana
vy hla}éka . Smeérnice
s o védecky nazev pivodni i MZP CR ¢&. | Cerveny y
fad Celed . Cesky nazev ¢.
soucasny 395/1992 | seznam 92/43/EHS
Sh.
Caudata Salamandridae Salamandra Mlok skvrnity SO VU -
salamandra
Caudata Salamandridae | Triturus cristatus Colek velky SO EN I, 1IvV
Caudata Salamandridae | Triturus carnifex Colek dravy KO EN I, IV
Caudata Salamandridae | Triturus dobrogicus Colek dunajsky - CR Il
Triturus alpestris
Caudata Salamandridae | Mesotriton alpestris Colek horsky SO VU -
Ichthyosaura alpestris
Caudata  |Salamandridae | |Hturus vulgaris Colek obecny SO VU -
Lissotriton vulgaris
Caudata  |Salamandridae | |1WUruS montandoni e 1oy batsky KO CR 1, 1Iv
Lissotriton montandoni
Caudata  |Salamandridae | |Turus helveticus Colek hranaty KO CR I, IV
Lissotriton helveticus
Anura Bombinatoridae | Bombina bombina Kurika obecna SO EN I, IV
Anura Bombinatoridae | Bombina variegata Ifunkav. . SO CR I, v
zlutobficha
Anura Pelobatidae Pelobates fuscus Blatnice skvrnita SO NT v
Anura Bufonidae Bufo bufo Ropucha obecna @) VU -
Bufo viridis
Anura Bufonidae Pseudepidalea viridis Ropucha zelena SO EN v
Bufotes viridis
. Bufo calamita Ropucha
Anura Bufonidae Epidalea calamita kratkonoha KO CR v
Anura Hylidae Hyla arborea Rosnicka zelena SO NT \Y
Anura Ranidae Rana temporaria Skokan hnédy - VU \%
Anura Ranidae Rana arvalis Skokan ostronosy KO EN I\
Anura Ranidae Rana dalmatina Skokan §tihly SO NT v
. Rana ridibunda Skokan
Anura Ranidae Pelophylax ridibundus | skiehotavy KO NT v
. Rana lessonae Skokan
Anura Ranidae Pelophylax lessonae kratkonohy SO VU v
Anura  |Ranidae Rana kl. esculenta Skokan zeleny SO NT v
Pelophylax esculentus
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Vznik a rekultivace vysypkovych ploch

Za pfiCiny ohrozeni z hlediska obojzivelnikli jsou oznaCovany zejména destrukce
biotopt a zmény ve vyuzivani krajiny (viz vyse) (Collins & Storfer, 2003; Cushman, 2006;
Jetabkova et al., 2017). Jednim z vyznamnych faktorl, ktery piispiva k rozsahlym zménam a
destrukci krajiny, je i t&Zba nerostnych surovin. V severozapadnich Cechach doslo v poslednich
desetiletich k vyraznym zménam v krajiné¢ v souvislosti s povrchovou téZzbou hnédého uhli
(Vrablikova et al., 2008). Mnoho ptvodnich biotopti zaniklo a po ukonceni tézby zde zlstaly
rozsahlé vysypky a opusténé lomy (Hendrychova & Kabrna, 2016; Sklenicka & Lhota, 2002;
Stys, 1998).

2.2 Vznik a rekultivace vysypkovych ploch

Oblast Mostecké panve je nejvétsim Ceskym tézebnim tzemim, kdy 90 % jejiho
povrchu bylo silné negativné ovlivnéno lidskou ¢innosti (Vrablikova et al., 2008). V obdobi od
roku 2005 do 2019 se zde vytézilo pies 432,7 mil. tun uhli (Vrablik et al., 2020) a tézba stale
pokracuje. Uzemi Mostecké panve je silné ovlivnéné povrchovymi lomy, vysypkami a
souvisejicimi antropogennimi zasahy do izemi a jeho vegetace (PeSout et al. 2021; Vrablik et
al., 2020; Vrablikova et al., 2008). Pti t¢zbé hnédého uhli je v soucasné dobé v Mostecké panvi
vyuzivan povrchovy zptsob tézby. Timto typem tézby (rozsahlé povrchové lomy) bylo v celé
Evropé zasazeno vice nez 160 oblasti, v nejméné 114 lokalitach téZba nerostného bohatstvi
stale pokracuje (Harfst & Wirth, 2011). Pti tomto zptisobu té€zby se pti dobyvani uhli nejdiive
vyzvedava skryvkovy materidl, ktery je ukladan do prostoru diive vytézeného lomu (vznika tak
vnitini vysypka) nebo je sypan zakladaci do okolni krajiny, ¢imz vznika vysypka vnéjsi (Prach,

1987).

NadloZzni zemina skryvkového materidlu je sypana zakladaci do viceméné pravidelnych,
mistech jsou Casto naplnéné srazkovou vodou (Cejpek et al., 2013, 2018) a na nepropustném
podlozi vytvafi tzv. nebeska jezirka (Prach, 2010; Vojar, 2007). Dalsi vodni plochy vznikaji
vytlaCovanim obrovského tlaku nasypané hmoty u paty vysypky nebo zavodnénim piikopt,
struh a prohlubni od pojezdu tézké techniky, ty pak mohou slouzit jako tzv. naslapné kameny
pro obojzivelniky osidlujici vysypky z okolni krajiny (Zavadil et al., 2011). Nové vznikajici
prostfedi vysypek je charakteristické Clenitym relié¢fem s vyskytem desitek az stovek jezirek
rozmanitych tvarQi a velikosti, od malych periodickych tini po nékolikahektarové hluboké

vodni plochy (Dolezalova et al., 2012 — Pfiloha I; VVojar, 2007), které se v prub&hu ¢asu zapojuji
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do Sirsiho hydrologického cyklu (Cejpek et al., 2013). Vyssi partie maji naopak spise
xerotermni charakter (Bejcek, 1982; Petka-Gosciniak, 2006; Zeleny, 1999) i velmi odlisné
hydrologické vlastnosti ptd (Kurdz et al., 2012). Vyvoj vegetace v takovych podminkach
probiha odlisn¢ a vytvafti se zde pestra mozaika riznych typu stanovist (Cejpek et al., 2013;
Mojses et al., 2022; Zeleny, 1999).

Pti technickych rekultivacich je povrch vysypky pomoci t€zké mechanizace nejdiive
urovnan a odvodnén meliora¢nimi strouhami (Gremlica et al., 2011). Na rekultivované vysypce
je voda casto svedena do jedné ¢i né€kolika malo reten¢nich nadrzi. Srazkova voda je zde
castecné zachycena, Castecné stéka po povrchu ¢i se vsakuje do nitra vysypky a nasledné vyvéra
po jejim obvodu (Pikryl et al., 1995). V ramci technickych rekultivaci jsou nékteré vétsi vodni
plochy ponechany a jiné vodni nadrZe jsou nové zakladany (hydricka rekultivace). Casto jde 0
veEtsi a hlubsi nadrze se zpevnénymi biehy (Prach, 2010; Vrablik et al., 2020; Vrablikova et al.,
2008; Zeleny, 1999).

Po technické rekultivaci zpravidla nasleduje rekultivace biologicka. V piipadé
zemédé€lské rekultivace je na netrodnou zeminu vysypky navezen organicky materidl, vétSinou
ornice ¢i snadno zarodnitelné zeminy (spraSové hliny, sprase). Poté nasleduje orba, vlaceni,
smykovani, seti ptipravnych plodin, jejich zaorani a hnojeni. Teprve poté je mozné pestovani
cilovych plodin nebo zatravnéni plochy (Gremlica etal., 2011; Prach, 2010). V piipad¢ lesnické
rekultivace je proces zahajen mechanickou a chemickou ptipravou plidy, po které je zarovnany
terén husté osazen dievinami. Nasleduje péstebni péce v podobé hnojeni vysazenych kultur,
okopavani, ozindni, umistovani ochrany proti zvéfi, zavlazovani, profezavani ¢i provadeni
tvarovych fezt (Gremlica et al., 2011). V ramci ukoncenych a rozpracovanych rekultivaci na
Mostecku pievazuje vyuzivani lesnické rekultivace (v soucasné dobé az 46 % Uzemi) nad

dalsimi zptisoby (zeméd¢lska, hydricka a ostatni rekultivace) (Hendrychova et al., 2020, 2021)

Podle Pracha (2010) je v Ceské republice zhruba 70 vysypek po t&zb& uhli o celkové
rozloze cca 270 km?. V Mostecké panvi na severu Cech se nachazi 21 plosné rozsahlejsich
vysypek s riznymi podminkami prostiedi, které se 1isi poctem i vlastnostmi vodnich biotopi a
charakterem terestrického prostfedi i provedenou rekultivaci (Dolezalova et al., 2012 — Pfiloha
I; Smolova et al., 2010).

Povrchova tézba nerostnych surovin vyznamnym zplsobem ovSem ovliviiuje také

okolni krajinu (Skleni¢ka & Lhota, 2002). Pivodné zemédé&lska a moktadni krajina byla zcela
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pfeménéna povrchovou tézbou na rozsahlé lomy, jejich vysypky a s tézbou spojenou
infrastrukturu a navazujici prumysl (PeSout et al., 2021). P#i zakladani rozsahlych povrchovych
lomi a tvorbé vysypek bylo zni¢eno mnoho piivodnich biotopt i populaci organismi (Stys,
1998). Jen v oblasti Mostecké panve Pesout et al. (2021) odhaduji tizemi ovlivnéné tézbou na
vice nez 400 km? plochy. Jiz v prib&hu t&zby, a zejména pak v ramci naslednych rekultivaci,
je zde ovSem vytvafena krajina nova, kterd nenapodobuje pfedeslou krajinu, ale slouzi
soucasnym potiebam. Upraveny terén je vyuzit k vystavbé méstské infrastruktury, sportovnich
areal, akvapark, lesoparki, golfovych hiist' nebo koupalist. Ve zbytkovych jamach se planuji
a realizuji velké jezerni plochy (Votypka, 2006; Vrablik et al., 2020). Dals$i moznosti je
ponechani ¢asti vysypky samovolné sukcesi (napf. Hendrychova, 2008; Vojar, 2007). Zptisob
nasledné rekultivace pak zasadné ovliviiuje vzhled i biologickou hodnotu tizemi a vyuzitelnost
pro obyvatele blizkych mést. Zatopené terénni snizeniny a mok¥ady jsou, spolu se spontanné
vzniklou dfevinnou vegetaci, pozitivnimi prvky scenérie post-tézebni krajiny, které dodavaji
krajiné zcela novy specificky raz. Ponechani sukcesnich ¢asti vysypek svému vyvoji tak mize
podpofit krajino-estetickou funkci tzemi (Mojses et al., 2022). | vizualni stranku krajiny je
tteba vzit v uvahu a zohlednit ji pfi planovani rekultivaci. Vyzkumy v oblastech zasazenych
povrchovou tézbou potvrzuji, Zze mistni obyvatelé¢ jsou siln€¢ ovlivnéni zrakovym vnimanim
post-tézebni krajiny. Jednotlivé krajinné prvky mohou byt vnimany pozitivn€, napt. vodni
plochy a nelesni dievinnd vegetace; naopak negativné jsou ve vétSiné piipadl vnimany

technické prvky souvisejici s té€Zbou a zastavba (Svobodova et al., 2012).

2.3 Prostiedi sukcesnich a rekultivovanych vysypek

Zasadni vliv na podobu vysypek ma provedeni rekultivacnich postupli popsanych vyse.
Charakter rozmanitého prostiedi vysypek zistdva zachovan pouze v mistech, kde neni
uplatinovana technicka rekultivace (Mojses et al., 2022; Moradi et al., 2018; Prach, 2003;
Rehounek et al., 2010). Naprosta vétsina vysypek na nasem uzemi oviem prochéazi touto
kompletni technickou rekultivaci, a tak podruhé, navic s vynalozenim nemalych finan¢nich
prostiedki, je uzemi zcela degradovano (Rehounek et al., 2010; Tropek & Rehounek, 2011;
Vojar, 2007). Nasleduji dalsi nakladna opatieni, napft. revitalizace toku ¢i zfizovani novych
reten¢nich nadrzi k zachytdvani vody v krajiné (Vrablik et al., 2020). Ekonomicky aspekt
rekultivaci (naklady na rekultivaci, ale pfinosy z nasledného vyuziti ptidy) se pfi navrhovani

rekultivaci stava dalezitym faktorem, oproti tomu ekologicka hodnota vodnich ploch ani
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hodnota ekosystémovych sluzeb, které mohou vysypky ponechané sukcesi poskytovat, se
vétSinou pii planovani rekultivaci v avahu neberou (Mojses et al., 2022). Vedle cilenych
technickych a biologickych rekultivaci (zarovnani terénu, vysadba lesnich porosti a budovani
velkych vodnich nadrzi) vSak ptedstavuje uplatnéni procesu spontanni sukcese daleko
usporngjsi, a predevsim efektivnéjsi formu vytvareni biologicky hodnotnych stanovist’ (napf.
Hendrychova, 2008; Hodacova & Prach, 2003; Holec & Frouz, 2005; Kirmer & Mahn, 2001;
PeSout et al., 2021; Pizl, 2001; Wiegleb & Felinks, 2001). Pfed rokem 2010 stala na Mostecku
technicka rekultivace jednoho hektaru bez nasledné péce cca 1,5 mil. K¢ (Prach, 2010).
Rekultivované krajiny pfitom byvaji Casto nestabilni a vyzadujici dlouhodobé, ¢i dokonce
trvalé néklady na udrzbu (PeSout et al., 2022). Samovolna sukcese je vSak bez jakychkoliv
nakladd. Vodni plochy na nerekultivovanych vysypkéch vznikaji samovolné a zdarma, tedy bez
dodateénych nakladi, ve velkém mnozstvi a v mnoha riznych tvarech a velikostech. Na
sukcesnich plochach vysypek vznikd vyrazné vice vodnich biotopti nez na rekultivovanych
vysypkach (Dolezalova et al., 2012 — Piiloha 1). Cetné vodni plochy navic poméhaji zadrzovat
vodu v krajiné (Kotodziej et al., 2016). Rozmanitost prostfedi a mnozstvi vodnich ploch na
sukcesnich vysypkach pfedstavuje pro nékteré vodni a semiakvatické druhy klicovou roli pti
osidlovani nové vzniklych lokalit (Ficetola & de Bernardi, 2004; Laan & Verboom, 1990;
Petranka et al., 2007).

Vysledky kvalitativniho porovnani prostiedi vznikajictho na sukcesnich a
rekultivovanych plochach (Dolezalova et al., 2012 — Ptiloha 1) mizou byt podkladem pro
planovani naslednych rekultivaci lomi a vysypek s ohledem na jejich vhodnost pro rizné druhy
organismt. Kombinaci dvou riznych pfistupti (spontanni sukcese a rekultivace) lze vytvorit
zajimavé stanoviStni podminky pro rlizné skupiny organismil. Vysypky s rozdilnym pitistupem
jsou také vhodnym modelovym uzemim pro védecké studie, napf. pro srovnani vyvoje prostredi
v rekultivovanych a nerekultivovanych lokalitach zasaZenych t€zbou. Porovnanim prostiedi
sukcesnich a rekultivovanych ploch v Ceské republice se zabyvali napt. z hlediska zasoby piidni
vody Cejpek et al. (2018), vegetace Mudrék et al. (2010) a Sebelikova et al. (2020) a G&inkd
pudni bioty Frouz et al. (2006) a Helingerova et al. (2010). Problematikou porovnani prostredi
na vysypkach z hlediska vyznamnosti pro obojzivelniky se zabyval Zanini (2006), v CR pak
Smolova et al. (2010) a Vojar et al. (2016 — Ptiloha II).
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2.4 Biologicky vyznam téZbou dotcenych izemi nejen pro obojZivelniky

Opusténé piskovny, kamenolomy, haldy a vysypky po tézbé uhli dnes predstavuji
vyznamné biotopy pro populace nékterych ohrozenych druhti rostlin a Zivocichii (napt. Bejcek,
1982; Bejéek & Tyrner, 1980; Broring et al., 2005; Rehounek et al., 2010; Sebelikova et al.
2020; Tropek et al., 2010). Obojzivelnici nejsou vyjimkou (Galan, 1997; Smolova et al., 2010;
Vojar, 2000; Vojar et al. 2016 — Ptiloha II). Pro fadu druhti obojzivelnikid jsou disturbované
lokality jednémi z nejvyznamnéjsich biotopt v nasi krajiné (Zavadil, 2007). Kolonizaci nové
vzniklych biotopli nejvice ovliviiuje prostupnost krajiny, ptitomnost organismii v okolni krajiné
a charakter samotné vysypKy i biotopti na ni vznikajicich (Cushman, 2006; Ficetola & de
Bernardi, 2004; Marsh, 2001).

Vétsina praci, které se zabyvaly vyznamem vysypek pro rtizné skupiny organismu,
hodnoti plochy bez technickych, ale i biologickych zasahd (spontanni sukcesni plochy) jako
vyznamnéj$i nez plochy po rekultivaci (napt. Broring & Wiegleb, 2005; Harabis, 2016;
Hendrychova et al., 2008, 2020; Kolaf et al., 2021; Poldkova et al., 2022; Smolova et al., 2010;
a ohrozenych druhta (Bréndle et al., 2000; Jongepierova et al., 2018; Harabi$ & Dolny, 2012;
Mrzljak & Wiegleb, 2000; Tropek et al., 2010). Ptirozeny vyvoj vysypky vede k vyssi
rozmanitosti prostfedi, a tim i k vy$§i druhové diverzité. Porost se pomalym vyvojem
ptizptsobuje mistnim podminkam a jejich zménam. Vice se tak ptiblizuje potencialni pfirozené
vegetaci (Hendrychova, 2008; Tichy, 2004). Na nerekultivovanych plochach je tak casto
druhové bohatstvi i po¢etnost populaci sledovanych druhtt dokonce vys$si nez v okolni krajing

(napt. Hodacova & Prach, 2003; Pizl, 2001; Tichy, 2004).

Pro studie biologického vyznamu vysypkovych ploch jsou obojzivelnici velmi vhodnou
modelovou skupinou. Jedna se o Zzivo¢ichy s komplexnimi naroky na prostiedi a dobie
reflektujici kvalitu prostfedi z riznych hledisek (charakter a nabidka vodnich i terestrickych
biotopu, fragmentace krajiny) (Duellman & Trueb, 1994; Wells, 2007). Obojzivelnici Gspésné
osidlujyi pfedev§sim nerekultivované, morfologicky clenit¢ vysypky s fadou vodnich ploch
(Vojar, 2000, 2007; Vojar et al. 2016 — Priloha II; Zavadil, 2007), vysokou stanovistni
rozmanitosti a s vyskytem extrémnich typud stanovist’ (napf. inicialni sukcesni stadia) (Zavadil
et al., 2011). Navic se zde nachazeji i vhodna terestricka stanoviste, ktera v pribéhu sezony i

zivota obojzivelnici stiidaveé vyuzivaji (Duellman & Trueb, 1994; Hartel et al., 2007b; Wells,
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2007). Vodni plochy na vysypkach mohou slouzit také jako tzv. naslapné kameny (stepping
stones) a usnadnovat obojZivelnikiim kolonizaci novych tizemi, museji byt ovSem Vv dostupné
vzdalenosti (Cushman, 2006; Semlitsch & Bodie, 2003). Velké a hluboké vodni nadrze (Casto
vznikajici na rekultivovanych vysypkach), které jsou intenzivné rybarsky vyuzivané, ovSem
pro obojzivelniky neptfedstavuji vhodné prostiedi a mohou pro né¢ byt v krajiné¢ dokonce
migra¢ni bariéru (Hartel et al., 2007a; Joly et al., 2001; Ray et al., 2002). Naopak piili§ malé
biotopy (drobné tiné, zvodnélé piikopy atd.) mohou byt ohrozeny vysychanim a z davodu
omezené kapacity jsou schopny pojmout pouze méné pocetné populace (Hartel et al., 2007b;
Kopecky et al., 2010). Pro nékteré druhy vsak piedstavuji dulezita stanovisté a nachazeji-li se
ve vetsim poctu, zvySuji prostupnost krajiny pro obojzivelniky (Griffiths, 1997; Hartel &
Ollerer, 2009). S poétem rozmanitych vodnich ploch a prostupnosti prostfedi, totiz roste
pocetnost obojzivelnikl v krajin€ (Laan & Verboom, 1990; Vos & Stumpel, 1996; Marsh et al.,
1999; Ficetola & De Bernardi, 2004; Vojar et al., 2016 — Ptiloha II; Zanini, 2006). Diky
komplexnim naroklim muize pfitomnost obojzivelniki na vysypkach poukazovat na vhodné
vlastnosti prostiedi i pro fadu dalSich skupin organismu (Vojar et al., 2012). Vhodny charakter
vysypky (vysoka heterogenita vodnich ploch i terestrického prostredi) tak mize vyrazné piispét

ke zvySeni biodiverzity v dané téZzebni krajiné (Hodacova & Prach, 2003; Pizl, 2001).

2.5 Primarni sukcese obojZivelnikii na téZbou dotéenych izemich

Pro organismy, které se stale jesté vyskytuji v refugiich industrialni krajiny, predstavuji
vysypky novou piilezitost (napf. Hendrychova & Bogusch, 2016; Rehounek et al., 2010;
Tichanek & Tropek, 2016; Vicentiny et al., 2020). Prostfedi vysypek je dynamickym
prostiedim, které se v ase vyviji. Kratce po nasypani se na vysypkach vyskytuji ran¢ sukcesni
biotopy, na které jsou vazany dnes jiz vzacné druhy organismu, které v poslednich desitkach
let mizi z evropské krajiny, zejména v disledku intenzivniho zeméd¢lstvi, lesnictvi, rozvoje
prumyslu a lidskych sidel (Konvicka et al., 2005). Postupné se ale prostfedi vysypky méni a
snim i druhové slozeni organismu, které se na vysypkach nachazi. Studie sukcese
taxonomickych skupin na vysypkach Mostecka byly vénovéany ptedev§im spoleCenstviim
rostlin (Prach et al., 1999), bezobratlych (Hendrychova et al., 2008; Hendrychova & Bogusch,
2016), ptakt (Bejcek & Tyrner, 1980) a savct (Bejcek, 1982). Obojzivelnikim se ¢astecné

vénovali Bejéek & Stastny (1999, 2000). Systematickému sledovani sukcese obojzivelnikii na
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vysypkach po tézb¢ uhli pak napt. Dolezalova & Mach (2002); Smolova et al. (2010); VVojar
(2000, 2006); Vojar et al. (2008, 2016 — Ptiloha II); Vojar & Dolezalova (2003). V zahranici se
studiem obojzivelniki na vysypkovych plochach povrchovych hnddouhelnych dolti Spanélska
zabyval Galan (1997), ve staté Illionois (USA) potom Lannoo et al. (2009) a Stiles et al. (2017).

VétSina naSich druht obojzivelnikti je vazédna na pestrou krajinu s pfitomnosti
rozmnozovacich biotopii a vhodnym terestrickym prostiedim, navic udrzovanou disturbancemi
v ruznych fazich sukcese (Zavadil et al., 2011). Ruzné druhy preferuji riizna sukcesni stadia. S
postupem sukcese se tak na vysypkach pribézné méni i druhové zastoupeni obojzivelnika
(Smolova et al., 2010; Vojar, 2000). Nov¢ nasypana vysypka se v prvnich letech jevi pusté a
témét bez zivota. Pro fadu druhti obojzivelnikii jsou vSak tato inicidlni sukcesni stadia velmi
vyznamna (Zavadil, 2007) a sukcese tak zafina témét okamzité po nasypani skryvkového

materialu.

Nejmladsi sukcesni stadia vysypky, do tii let po nasypani, s vegetacni pokryvnosti do
5 % a absenci litoralni i ponofené vegetace, Casto osidluje ropucha zelena (Bufotes viridis)
(Ptikryl, 1999; Smolova et al., 2010; Vojar, 2000; Vojar & Dolezalova, 2003), na Sokolovsku
také ropucha kratkonoha (Epidalea calamita) (Bejéek & Stastny, 2000; Mudrak & Frouz, 2018;
Prach, 2010; Prikryl, 1999; Zavadil, 2002). V ¢asnych stadiich sukcese se vyskytuji spole¢né s
ropuchou obecnou (Bufo bufo), piipadné na Sokolovsku se skokanem zelenym (Pelophylax
esculentus) (Prach, 2010; Zavadil, 2002) a na Mostecku se skokanem skiehotavym (P.
ridibundus). V mladsich ¢astech (do 5-7 let po nasypani) pfevazuji mladi jedinci skokana
skiehotaveého. Na lokalitach starSich 15 let uz ptevazuji dospéli jedinci tohoto druhu (Smolova
et al., 2010; Vojar, 2000). Ropucha obecna a skokan skichotavy vSak osidluji vodni plochy s
riznou rozlohou, hloubkou i charakterem vegetace, a proto se vyskytuji i v biotopech ve
starSich ¢astech vysypek (Smolova et al., 2010). Inicialni stddia se v pribéhu sukcese méni,
prostiedi se zapojuje, vodni biotopy postupné zartstaji vegetaci a pro n€které druhy (napft.
ropucha zelena) se stavaji mén¢ vyhovujicimi (Smolova et al., 2010). Vytvari se v§ak podminky
pro nastup jinych druhd. Vysypky stiedniho a starSiho sukcesniho stadia (cca 20 az 40 po
nasypani) predstavuji vhodny biotop pro skokana stihlého (Rana dalmatina) (Smolova et al.,
2010), ktery je pfedstavitelem luZznich lesii a biotopli porostlych roztrouSenou dievinnou
vegetaci az svétlych smiSenych lesti (Moravec, 1994, 2019; Zavadil et al., 2011). Tyto typy
stanoviSt’ pfedstavuji na vysypkach mokiadni oblasti v terénnich snizeninach a rozvolnéné

porosty. Mezi druhy, které se na mosteckych vysypkach stfednich a star§ich sukcesnich stadii
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pomérné hojné vyskytuji, nalezi i kunka obecna (Bombina bombina), ropucha obecna, colek
obecny (Lissotriton vulgaris) a ¢olek velky (Triturus cristatus) (Smolova et al., 2010). Stiedni
az pozdni faze sukcese, charakteristické lesnim prostfedim a vlhkym mikroklimatem, pak
preferuje skokan hnédy (Rana temporaria) (Moravec, 1994, 2019; Rehak, 1992). Na
Sokolovsku se oba zminéni Colci, ropucha obecna a skokan hnédy objevuji jesté o néco diive —
v tésném sledu za ropuchou kratkonohou. U vodnich ploch s pobiezni vegetaci zde nalezneme

i rosni¢ku zelenou (Hyla arborea) (Prach, 2010; Mudrak & Frouz, 2018; Zavadil, 2002).

Celkové bylo na mosteckych vysypkach zjisténo devét, na sokolovskych pak deset
druhti obojzivelniki (Mudrak & Frouz, 2018; Rehak, 1994; Smolova et al., 2010; Vojar, 1999;
Vojar et al., 2016 — Ptiloha II; Vozenilek, 1997, 1999, 2000; Zavadil, 2002). Jedna se o vétSinu
druhti obojzivelniki, které se v téchto oblastech vyskytuji (Vozenilek, 2000; Smolova et al.,
2010). Vyjimkou jsou druhy vazané na lesni porosty vys$Sich nadmoiskych vysek — mlok
skvrnity (Salamandra salamandra) a colek horsky (Mesotriton alpestris), ptipadné skokan
ostronosy (Rana arvalis), ktery je v dané oblasti celkové velmi vzacny (Vozenilekm, 2000;
Taborsky, 2008).

2.6 Mapovani a monitoring obojZzivelniki na vysypkach

Znalosti o vyskytu obojzivelnikll jsou zakladem praktické ochrany druhu i jejich
stanovist’ (Baker & Halliday, 1999; Mikatova & Vlasin, 2002; Stumpel & van der Voet, 1998).
S tim je spojena potieba efektivniho hodnoceni skutecného stavu populaci téchto Zivocichi.
Jednou z mozZnosti je sledovani vyskytu zivocichli (mapovéani), tj. zpravidla jednorazovy
prizkum s cilem zjistit celkové rozsifeni nebo velikost populace na urcitém uzemi. Zatimco
standardizované sledovani (monitoring), tj. pravidelné a dlouhodobé sledovani stavu populaci
(Icochea et al. 2002), které mize pomoci pfi identifikaci ohroZeni populaci a je zadkladem jejich
praktické a preventivni ochrany. Monitoring je vyuzivan pii fad¢ riznych aktivit, jako jsou
projekty zachrany genofondu, aktivni péce o zvlasteé chranéna izemi apod. (Mikatova & Vlasin,
2002). Nékteré druhy obojzivelnikd patii mezi Zivocichy s vyraznou populaéni dynamikou, kdy
velikost jejich populace prochazi znaénymi meziro¢nimi vykyvy (Pechmann et al., 1991). Na
zaklad¢ pravidelného zjistovani pocetnosti populace je pak moZzno hodnotit tyto populacni

trendy a nasledné je vyuzit pro ochranu ur¢itého druhu.
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Jelikoz se jednotlivé druhy lisi svou ekologii, obdobné¢ se rizni i metody uzivané pro
jejich mapovani a monitoring. Pouzivany jsou metody, pii kterych nedochazi k manipulaci se
zvitaty (pozorovani jedincti, odposlech hlasovych projevii samcti) i metody vyzadujici odchyt
jedincti (odchyt do ruky, podbéraki, zivochytné pasti, padaci pasti uzivané pfi transferech). Pti
zjistovani pocetnosti obojzivelnikd vizualnim pozorovanim lze pouzit metodu séitani larev a
pulcu ¢i adultnich jedinct (Jetabkova, 2011). U néktery druhti obojzivelniki (napf. u skokana
Stihlého) klade kazdy par oddélené snusky (Lesbarréres et al., 2003; Lesbarréres & Lodé, 2002;
Schneider, 1996) a zaroven samice klade pouze jednu sntisku za rozmnozovaci obdobi (Lodé
et al., 2005; Rehak, 1992). Diky tomu lze metodu sé¢itani snisek vyuzit pro odhad pocetnosti
populace dané¢ho druhu (napt. Hartel, 2005; Hartel et al., 2009), pocet snisek totiz odpovida

poctu rozmnozujicich se samic (Lod¢ et al., 2005).

V CR probiha mapovani a monitoring obojzivelnikii pod zastitou Agentury ochrany
ptirody a krajiny (AOPK CR) (Jefabkova, 2011). V letech 2008 az 2014 AOPK CR realizovala
rozsahly projekt ,,Mapovani vyskytu obojzivelnikii a plazi v CR", vramci kterého byla
zmapovéana viechna pole sitového mapovani na tizemi CR. Bylo ziskano cca 83 500 dat o
vyskytu obojzivelnikil (AOPK CR, 2022). V souéasné dobé jsou na tizemi Ceské republiky také
trvale monitorovany lokality pro vSechny druhy z pfilohy II, IV a V Smérnice Rady ¢.
92/43/EEC, tzv. Smérnice o stanovistich, ktera zahrnuje lokality pro 16 druhii obojZivelnikd.
Tato data jsou zdkladem Nalezové databaze ochrany ptfirody (NDOP), ktera slouZi zejména pro
ukladani floristickych a faunistickych dat (nalezll) vcetné Casové a prostorové lokalizace a
popisu mista nalezu. NDOP obsahuje udaje ziskané systematickym (inventarizac¢ni priazkumy,
mapovaci projekty apod.) i nesystematickym (ndhodna pozorovani) sbérem zaznami, z
vyzkumil provadénych ve zvlasté chranénych uzemi, vyznamnych krajinnych prvcich, pfip. na
dal$ich lokalitach vyznamnych z hlediska ochrany piirody a krajiny. V souc¢asné dobé NDOP
obsahuje necelych 30 miliont Gidaji, z toho je 281 542 nalezii obojzivelniki (AOPK CR, 2022).
V poslednich letech je tato databaze propojena i s dalsimi aplikacemi, které jsou zaméfeny na
sbér dat o vyskytu druhii Sirokou vefejnosti (odbornou i neodbornou), jednd se napi. o
celosvétovy projekt iNaturalist (iNaturalist, 2022), ktery pfedavd do NDOP pouze verifikovana
data, ¢i dal$i mobilni aplikace, napf. Biolib (BioLib, 2022), Avif (Ceska spole¢nost
ornitologicka, 2022), Najdije.cz (Vyzkumny ustav rostlinné vyroby, 2022) apod.

Studium populaci obojzivelnikli na vysypkovych plochach ma své opodstatnéni v

nékolika ohledech. Na post tézebnich plochéach, predevsim téch bez technické rekultivace, se
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nachazi zna¢né mnozstvi vodnich biotopt (aZ n&kolik stovek na jeden km?). Vodni plochy,
které se zde nachdzi, maji rozmanity charakter své velikosti, podil litoralni vegetace, sklon
biehi, oslunéni, typ okolniho prostfedi a mnoho dalSich (Dolezalova et al., 2012 — Ptiloha I;
Vojar et al., 2016 — Piiloha II). Zjistovani pfitomnosti a pocetnosti obojzivelnikti v téchto
cetnych biotopech umoziuje sledovdni mnoha faktorti potencialné ovliviiujicich vyskyt a
pocetnost obojzivelnikil. Pfesto je jen mala ¢ast post-tézebnich oblasti sledovana pravidelné
(napt. Kopistska vysypka zafazena mezi evropsky vyznamné lokality z divodu vyskytu ¢olka
velkého). Prvnim ucelenym mapovanim obojzivelnik v post-tézebnich oblastech Mostecké
panve byla prace Smolové et al. (2010), nasledovana dalsi od stejného kolektivu autort (Vojar
et al., 2016 — Ptiloha Il). Dlouhodoby monitoring obojzivelnikti na vysypkach stale probiha a
pfindsi informace o skute¢ném rozsiteni téchto Zivocichll v post-téZebni krajin€é. Vysledky
sledovani mohou byt vyuzity pro zhodnoceni GspéSnosti biologickych rekultivaci a urceni
ucinnych opatfeni, ktera mohou castecné¢ kompenzovat negativni vliv povrchové tézby
(Hodac¢ova & Prach, 2003). Mohou pfispét k ochrané nejvyznamnéjSich biotopli Vv této
clovékem ovlivnéné krajiné a pomoci navrhnout takové zpusoby rekultivaci, které umozni

rozvoj populaci obojzivelnikt 1 dal§i fauny na vysypkéach.

2.7 Ochrana tézbou dotéenych uzemi

V Ceské republice patfi rekultivace a sanace lomi i vysypek mezi zdkonem stanovené
povinnosti a stava se neoddé€litelnou soucasti tézby nerostnych surovin (Tichy, 2004).
Konkrétn€ zakonem ¢. 44/1988 Sb., o ochrané¢ a vyuZiti nerostného bohatstvi, v platném znéni
(tzv. horni zdkon), je stanovena povinnost pfed zahdjenim tézby schvalit tzv. Plan otvirky a
piipravy dobyvani (POPD), jehoz soucasti je 1 plan sanace a rekultivace dotéené¢ho tzemi,
vcetné finan¢niho nacenéni. V § 31, odst. 5 je uvedeno Ze ,,Organizace je povinna zajistit sanaci,
kterd obsahuje i rekultivace podle zvlaStnich zdkonii a vSech pozemkii dotéenych téZbou*.
Jedna se 0 jakési dokonceni procesu zahlazeni dopadl téZzby v krajin€, na které je téZebni
organizace povinna vytvaret finan¢ni rezervu. Jeji vySe musi odpovidat potfebam sanace a
rekultivace pozemku dotéenych dobyvanim. Za sanaci zakon povazuje odstranéni $kod na

krajin€ komplexni upravou Gizemi a izemnich struktur.

Na zemédélskych ¢i lesnich pozemcich je dal$i podminkou povoleni t€Zby udéleni

souhlasu s odnétim téchto pozemkl ze zemédélského plidniho fondu (ZPF) a pozemki
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uréenych k plnéni funkcei lesa (PUPFL) podle zdkona ¢. 334/1992 Sb., o ochrané¢ zemédélského
pudniho fondu, v platném znéni, resp. zakona ¢. 289/1995 Sb., o lesich, v platném znéni. Pidu
Ize ze ZPF odejmout, a to bud’ docasné nebo trvale. Pfi do¢asném odnéti tézebni organizace
plati odvody kazdoro¢né a ve vysi stanovené v rozhodnuti o odnéti ze ZPF. V tomto rozhodnuti
je také stanoveno, kdy a za jakych podminek ptislusny ufad platbu do¢asného odvodu ukon¢i.
Zpravidla je tomu tak po provedeni zemédélské rekultivace, resp. po navraceni pozemku do
ZPF (ptedevsim zemédélskou rekultivaci, ale také zalesnénim ¢i vybudovanim vodni plochy
v ramci hydrické rekultivace) (Vojar et al., 2012). V piipadé trvalého vyjmuti pozemku ze ZPF
se poplatek plati jednorazové. Obdobna uprava je obsazena téz v lesnim zakoné. Lesni zdkon
stanovuje, Ze lesni pozemky museji byt neprodlené rekultivovany a navraceny k plnéni funkci
lesa. Odvody z docasného odnéti pozemkt ze ZPF ¢i z PUPFL neni mozné ukoncit, pokud zde
podobné typy stanovist (porosty kfovin, roztrousena difevinnd vegetace i1 lesni porosty)
vzniknou spontanné a bez nutné finanéni investice, piestoze tyto sukcesni plochy byvaji ¢asto
biologicky hodnotn&jsi (Sebelikova et al., 2020; Vojar et al., 2012). Pfi trvalém odnéti lesnich
pozemkil neni nutné pozemek navracet do PUPFL, a téZebni organizace za né&j zaplati
jednorazovy poplatek. K trvalému odnéti by mélo podle lesniho zdkona dochazet pouze v

piipadech, kdy u pozemki nelze obnovit jejich piivodni funkci (Rehounek et al., 2010).

Zadkon o ochran¢ zemédélského pudniho fondu ovSem umoznuje na vyhradnich
loziscich na zemédélské pide ponechat az 10 % uzemi ptirozené sukcesi za podminky, Ze toto
uzemi se stane prechodné chranénou plochou (PCHP) nebo registrovanym vyznamnym
krajinnym prvkem (VKP). Ekologicky, geomorfologicky a esteticky i jinak cenné lokality
opusténych lomi a vysypek mohou byt podle zdkona €. 114/1992 Sb., o ochrané ptirody a
krajiny vyhlaSeny i za zvlasté chranéna uzemi (ZCHU). V soucasné dobé jsou nejéast&ji
vyhlasovany jako pfirodni pamatky (PP) (Chuman, 2010; Smolova, 2006). Loiiskou novelou
zakona o ochrané ptirody a krajiny byla mezi zafazena povinnost organd ochrany ptirody

provéfovat moznost rekultivace izemi piirodé blizkou obnovou (P. PeSout, in litt.)

Spontanni sukcese vede k vytvofeni ptirod¢ blizsich ekosystéml nez technicka
rekultivace a miiZze pfinést i nezanedbatelné finan¢ni uspory. Mnohé téZebni organizace jiz
vyuziti sukcesnich ploch pfi obnové krajiny po tézbé podporuji. Prvnim uspéchem bylo
ponechani spontdnni sukcesi malé ¢asti (zhruba 60 ha z celkové rozlohy 1250 ha) Radovesické
vysypky (Prach, 2010). Prosadit pfirozeny vyvoj post-tézebni lokality se podafilo také napt. na
piskovné Cep IT v jiznich Cechach. Po dohodé Spravy CHKO Tieboiisko s majitelem tézebniho
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prostoru byla ponechana ¢ast piskovny spontanni sukcesi. Na pisenych a jilovitych ploskach
je zde zkoumana experimentalni obnova suchych travnikt (Rehounkova & Rehounek, 2013).
Diky posudktim Ministerstva Zivotniho prostiedi CR a diky podrobné studii Ustavu pro
ekopolitiku o haldach na Kladensku byla ponechana ¢ast vysypky piirozené sukcesi také pfi
rekultivaci odvalu Tuchlovice na Kladensku. Na nékolika mistech se podatilo dat prostor
samovolné obnové také na Sokolovsku — naptiklad na Podkrusnohorské vysypce (Stejskal,
2009). V roce 2018 zadala aktivné jednat AOPK CR o vymezeni rozséhlejsich ploch
ponechanych samovolnému vyvoji také v lomech CSA a VrSany na Mostecku. DuleZitym
krokem bylo podepsani Memoranda o spolupraci na identifikaci vhodnych lokalit pro
ekologickou obnovu po ukoncené povrchové t€zbé hnédého uhli. Cilem je urcit rozsahlou
oblast zasazenou tézbou (fadové 5-10 km?), ktera bude ponechana samovolnému vyvoji a
vyhlasena v nékteré z narodnich kategorii ZCHU se stanovenym pfedmétem ochrany: ochrana
ptirozenych procest (Pesout et al., 2021). Plochy ponechané vlastnimu vyvoji s co nejmensim
poctem antropogennich zasahli se podafilo zachovat i na izemi okolnich statdi, napt. oblast
Schlabendorf, v Némecku (Antwi et al., 2014). V Némecku je totiz uzakonéna povinnost
ponechat sukcesi uréity podil rekultivovaného tzemi, diky ¢emuz mohly vzniknout jedine¢né
lokality v Dolni Luzici (M. Hendrychova, in litt.). Dal$im piikladem jsou mokiady vzniklé v
dusledku hlubinné t€Zby uhli v loZisku Novaky na Slovensku, které jsou z hlediska biodiverzity

dle Mojsese et al. (2022) jedny z nejhodnotnéjsich ¢asti vnitinich Karpat.

Rehounek et al. (2010, 2015) navrhuji ponechavat piirozené sukcesi az 20 % plochy
urcené k rekultivaci, podobné jako je tomu v sousednim Némecku (Antwi et al., 2014).
Komplexni navrh rekultivace dobyvaciho prostoru by mél zajistit rovnovdhu mezi
environmentalnimi a ekonomickymi aspekty (Vrablikova et al., 2016). Podle Davida (2010)
muze byt ve Slovenské republice ekonomicky piinos ze zemédélské produkce na
rekultivovaném uzemi az nékolikanasobné nizs$i, nez je zdkonem stanovena hodnota
chranénych druht rostlin a zivocichi, kteti se na izemi vyskytovaly pied rekultivaci (napfi. ve
vodnich biotopech). Jednim ze zpUsobi, jak problém vyftesit, je vyhlasit ekologicky cenné

lokality prave jako chranéna tizemi (Schulz & Wiegleb, 2000).

Na tizemi CR je ke dni 31. 12. 2021 ziizeno 2 643 maloploinych zvlasté chranénych
tizemi (MZCHU). Do roku 2010 bylo vyhlageno na mistech byvalé t&zby157 MZCHU z nichz
naprostou vétsinu predstavovaly lomy a doly (kamenolomy, piskovny, uhelné lomy) (Chuman,

2010). Vyrazné rozsiteni poétu MZCHU na mistech byvalé t&Zby je postupnym vyhlagovanim
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Ochrana tézbou dotéenych tizemi

evropsky vyznamnych lokalit. V Evropskou komisi schvaleném seznamu je uvedeno dal$ich
35 dolu a lomu a 1 deponie po tézbé uhli. Pfedmétem ochrany ve $tolach a v uzavienych dolech
jsou netopyii, v lomech a na vysypce pak obojzivelnici. V pfipadé deponie se konkrétné jedna
o Kopistskou vysypku na Mostecku, vyhlasenou jako pfirodni pamatka dne 17.10.2013, kde

pfedmétem ochrany je biotop a populace colka velkého.
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Vodni plochy na sukcesnich a rekultivovanych vysypkach

3. Shrnuti nejdulezitéjSich vysledkii a komentar k publikacim

3.1 Vodni plochy na sukcesnich a rekultivovanych vysypkach

Dolezalova, J., Vojar, J., Smolova, D., Solsky, M., Kopecky, O., 2012. Technical
reclamation and spontaneous succession produce different water habitats: A case study

from Czech post-mining sites. Ecological Engineering 43, 5-12. — P¥iloha I.

Post-tézebni oblasti (lomy, vysypky apod.) jsou stale vice povazovany za ekologicky
hodnotna uzemi. Vysypky jsou pted provedenim technickych rekultivaci charakteristické
vyskytem zna¢ného mnoZzstvi rozmanitych vodnich ploch, které jsou ovSem pfi technickych
rekultivacich ¢asto ni¢eny (Vojar, 2007). V ramci technickych rekultivaci jsou ponechavany
spiSe jednotlivé vodni plochy vétSich rozmért, pfipadné jsou dalsi nadrze noveé zakladany
(Vrablik et al., 2020; Vrablikova et al., 2008, 2016; Zeleny, 1999). Otazkou proto je, do jaké
miry se lisi prostiedi vznikaji na sukcesnich vs. technicky rekultivovanych plochach vysypek v
poctu a charakteru vodnich biotopu. Tyto atributy maji totiz zasadni vliv na kolonizaci vysypek
riznymi druhy rostlin a zivo¢ichl (zejména pak pro semiakvatické a vodni druhy s omezenou
lokomoci) (Wellborn et al., 1996). Diky komplexnim narokim na prostfedi jsou obojzivelnici
(Duellman & Trueb, 1994; Wells, 2007) idealni modelovou skupinou, proto jsme nasi studii
vztahovali pravé k této tfidé obratloveu. Existuje sice nekolik praci zabyvajicich se vodnim
prostiedim na vysypkach z technického, krajinaiského ¢i ekologického pohledu (napt. Antwi
et al., 2008; Nicolau, 2003; Schulz & Wiegleb, 2000; Toy & Chuse, 2005), dosud vsak chybéla
studie srovnavajici vodni prostiedi (konkrétni pocty a charakteristiky vodnich ploch) na
vysypkach po rekultivaci a ponechanych samovolné sukcesi. Takové informace mohou pomoci
uplatinovat spontanni sukcesi jako rovnocenny typ obnovy mist po tézbé (Bradshaw, 1997).
Cilem tedy bylo porovnani vodniho prostfedi na sukcesnich a rekultivovanych plochach
z ,,pohledu obojzivelnikt“. Konkrétn¢€, zda se lisi v poctech, charakteristikach, typu okoli a
konektivité vodnich biotopti. Pro moznost zobecnéni ziskanych vysledkii bylo zmapovano vice

nez 900 lokalit na vSech vétsich vysypkach Mostecké panve.
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Vodni plochy na sukcesnich a rekultivovanych vysypkach

Cile studie:

1. Zjistit, jak se lisi vlastnosti prostiedi technicky rekultivovanych a
nerekultivovanych vysypek z hlediska pocetnosti a celkové rozlohy vodnich

ploch a z nich odvozenych charakteristik.

2. Porovnat vlastnosti jednotlivych vodnich ploch, které se vyskytuji na
rekultivovanych a nerekultivovanych vysypkach z hlediska vyznamu pro

obojzivelniky.
Plan pokusu

Mostecka t&Zebni oblast se nachazi v severnich Cechach v blizkosti mésta Most a
Litvinov. Mapovani probéhlo na 17 plo$né rozsahlych vysypkach na tizemi mezi mésty Kadan
a Usti nad Labem (cca 2500 km?). Jednotlivé vysypky se vzdjemné odliduji zejména staiim a
zpusobem rekultivace. Na nékterych z nich se nachdzeji jak technicky rekultivované, tak
sukcesni ¢asti, které byly vzdy hodnoceny samostatné. Celkové bylo sledovano tzemi o rozloze
84,3 km? na 14 rekultivovanych &asti a 6 &asti, na kterych nebyla provedena technické
rekultivace. Na kazdé vysypce byly pfedem vytipovany vodni plochy dle leteckych snimkt
(Portal of Public Administration, 2014) a poté byly v terénu (duben 2010) ovéteny a zmapovany
veSkeré vodni biotopy, které se na dané vysypce nachazely. Celkové bylo na 17 vysypkach
zaznamenano 946 vodnich ploch. Veskeré vodni biotopy byly popsany na vSech trovnich
vyznamnych pro obojzivelniky (Denoél & Lehmann, 2006; Pope et al., 2000): (i)
charakteristiky vodnich ploch: rozloha, max. hloubka, sklon bfehti, oslunéni, vegetace, pH,
konduktivita; (ii) a jejich bezprostfedni okoli: typ okolniho terestrického prostiedi (do
vzdalenosti 150 m od jezirka), ptipadné provedeni technické rekultivace. Charakteristika
sklonu biehl byla posuzovéna jako sklon bfehil pod vodni hladinou, ktery ovliviiuje vyskyt
litoralni vegetace (Pieczynska, 1990). Intenzita oslunéni byla stanovena v procentech jako
pomér vodni hladiny nezastinéné dievinami na celkovou vodni hladinu. Do litoralni vegetace
byla zahrnuta veskera vegetace v plose jezirka (traviny, rdkos, vétve stromi), kterou mohou

obojzivelnici vyuzit ke kladeni snlisek nebo jako tkryt (Ficetola et al., 2006).

S vyuzitim geografickych informacénich systémt (GIS) byl nésledné¢ v programu
ArcGIS (ESRI, 2018) urc¢en pocet vodnich ploch v okoli do 300 m kazdého jezirka, u vétsich

2

ploch jejich pfesna rozloha (zejména u vodnich ploch nad 500 m* rozeznatelnych

na leteckém snimku). Pro kazdou vysypku byla dale spoctena jeji celkova rozloha, pomér
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Vodni plochy na sukcesnich a rekultivovanych vysypkach

rozlohy vSech jezirek kuplose vysypky, pocet vodnich ploch na hektar vysypky
a prumérna rozloha vodnich ploch vramci vysypky, resp. jeji Casti (v pfipadé, ze se

na vysypce nachazely jak rekultivované, tak sukcesni plochy).

Shrnuti vysledki

Z vysledkt vyplyva, ze pomér rozlohy vodnich biotopt k rozloze vysypky byl stejné
jako pocet vodnich biotopti na hektar vysypky vyrazné vyssi na sukcesnich nez na vysypkach
po technické rekultivaci. Vodni plochy tvotily 0,00 % az 4,66 % (median — 1,81 %) rozlohy
rekultivovanych vysypek a 0,26 % az 9,47 % (5,08 %) rozlohy sukcesnich vysypek. Pocet
vodnich biotopl na hektar se pohyboval na technicky rekultivovanych vysypkéch od 0 do 0,17
(0,02) a na sukcesnich vysypkach od 0,04 do 1,06 (0,53) vodnich ploch. Piestoze vodni biotopy,
které vznikly na sukcesnich Castech vysypek zaujimaly celkové vyssi podil tzemi, mély
prikazné mensi rozlohu nez na ¢astech po rekultivaci. Na druh¢ strané pocet jezirek v okoli do

300 m byl vyrazn¢ vyssi na sukcesnich vysypkach nez na rekultivovanych.

Analyza poétu vodnich biotopu v jednotlivych hladinach kategorialnich proménnych
byla vysoce priikazna u vSech promé&nnych. Na sukcesnich plochach vysypek Castéji vznikaji
vodni biotopy ¢asteéné oslunéné (5-75 %), mélké az stiedné hluboké (do 1,5 m), s ¢asteéné
rozvinutou litoralni vegetaci (5—75 %) a s mirnymi az stfednimi (do 55°) sklony biehti (méné
nez 5 % biotopli melo prudky sklon bfehtll). Oproti tomu na technicky rekultivovanych ¢astech
vysypky byl zastoupen vétsi podil hlubokych nadrzi (nad 1,5 m) a vodnich ploch s kolmymi
(nad 55°) brehy (téméf Ctvrtina biotopti). Rozdilny byl také typ pievladajiciho okoli vodnich
biotopil. Zatimco na sukcesnich plochach pievladaly zapojené porosty a oteviené plochy
s rozptylenymi dfevinami (ostatni typy prostfedi se témét nevyskytovaly), na rekultivovanych

vysypkach byl pomér zastoupeni jednotlivych typil prostfedi mnohem vyrovnang;si.

Stiedoevropské druhy obojzivelnikl zpravidla preferuji stabilni, stfedné velké vodni
biotopy, s mensi hloubkou, ktera umoznuje rozvoj litoralni vegetace (Ficetola & De Bernardi,
struktury, je pak dulezita rozmanitost prostfedi s vyskytem vodnich biotopti riznych velikosti
a v dostupné vzdalenosti (Ficetola & de Bernardi, 2004; Green, 2003; Marsh, 2001; Marsh &
Trenham, 2001; Petranka et al., 2007). Navic umoznuje reprodukci riznym druhtim s odlisnymi

biotopovymi naroky (Baru§ & Oliva, 1992). Sukcesni plochy tak piedstavuji pro obojzivelniky
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vhodné&;jsi prostiedi z hlediska vlastnosti prostiedi i jednotlivych biotopti nez ploch po technické
rekultivaci. Nejvyznamnéjsi charakteristikou vodnich ploch na sukcesnich vysypkach je jejich
variabilita a vysoky pocet. Diky tomu je zde pocetnost i velikost populaci obojzivelnika
zpravidla vyssi (Marsh & Trenham, 2001; Petranka et al., 2007; Smolova et al., 2010; Zanini,
2006;). Sukcesni vysypky proto predstavuji znacny potencidl pro ochranu obojzivelnikll i

dalsich druht vazanych na vodni prostfedi (Rehounek et al., 2010).

Soucasny stav rozpracovanosti a podil autora

Rukopis byl odeslan do ¢asopisu Ecological Engineering s IF (kategorie Jimp), kde byl
zacatkem roku 2012 publikovan (Dolezalova et al., 2012) — Ptiloha I.

2008. V ramci této prace jsem se podilela na piipravé terénu (vytipovani vodnich ploch),
aktivn¢ se ucastnila sbéru dat v terénu na vsech vysypkach a zpracovani nasbiranych dat do
tabulek. Podilela jsem se na provedenych prostorovych analyz v programu ArcGIS (ESRI,
2018), uprave dat pro statistickou analyzu a ¢aste¢né na piipraveé samotného textu véetné tvorby
tabulek a map. V ramci tvorby rukopisu jsem se autorsky podilela z cca 30 %, coz odpovida

poradi autort v této praci (tieti autor).
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3.2 Diverzita a pocetnost obojZivelnikii na sukcesnich a rekultivovanych vysypkach
Vojar, J., Dolezalova, J., Solsky, M., Smolova, D., Kopecky, O., Kadlec, T., Knapp,
M., 2016. Spontaneous succession on spoil banks supports amphibian diversity and

abundance. Ecological Engineering 90, 278-284. — Priloha II.

Vysypky (zejména ty ponechané¢ samovolné sukcesi) predstavuji jemnou mozaiku
stanovist, ¢asto S vysokou druhovou diverzitou (Hendrychova et al., 2008, 2009; Hodacova &
Prach, 2003; Holec & Frouz, 2005; Mudrak et al., 2010), piipadné s vyskytem ohrozenych
druhii (napf. Hendrychova et al., 2005, 2012; Prach & Pysek, 2001; Salek, 2012; Tischew et
al., 2014; Tropek et al., 2010). OvSem v piipad¢ obojzivelnika se tyto studie omezuji pouze na
zkoumani procesu kolonizace vysypek (Galan, 1997) ¢i sbér faunistickych zdznami (Smolova
et al., 2010; Vojar, 2006). Studie porovnavajici pocet a charakter vodnich ploch na vysypkach
Mostecké oblasti prokazala, Ze na nerekultivovanych vysypkach se nachazi vice vodnich
biotopt nez na téch technicky rekultivovanych (Dolezalova et al., 2012 — Pfiloha I). Vodni
plochy s pfiznivymi biotopovymi vlastnostmi se mohou stat cennymi Utocisti pro fadu
ohrozenych vodnich a semiakvatickych druhti (Harabi§ & Dolny, 2011), v€etné obojzivelnika
(Dolezalova et al., 2012). Logickym piedpokladem proto je, ze vy$si nabidka vodnich biotopi
na sukcesnich vysypkach by méla mit vliv na vys$i druhovou diverzitu i pocetnost
obojzivelniki. Vyskyt obojzivelnikti na vysypkach je ovSem ovlivnén fadou faktort a jejich
uréeni i objasnéni vlivu na jednotlivé druhy je velmi dilezité pro ochranu obojZivelnikd nejen
v post-t&Zebnich oblastech (Ficetola & de Bernardi, 2009; Hartel & Ollerer, 2009; Stumpel &
van der Voet, 1998; Zanini, 2006). Takova komplexni studie ovSsem dosud provedena nebyla.
Cilem této studie je porovnat ucinky technické rekultivace a spontanni sukcese na diverzitu i
pocetnost obojzivelnikil a odhalit vliv konkrétnich biotopovych charakteristik na pfitomnost
obojzivelnikii. Pro ucely zobecnéni vysledkli a moznosti jejich vyuziti v rekultivacni praxi

pokryva studijni Gizemi vétSinu vysypek nachdzejicich se v Mostecké panvi.
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Cile prace:

1. Zhodnotit, jak se lisi druhova diverzita obojzivelnikd, podil obojzivelniky
obsazenych jezirek a primérné pocty modelového druhu na nerekultivovanych nebo

technicky rekultivovanych lokalitach.

2. Vyhodnotit vliv biotopovych charakteristik vodnich ploch a jejich okoli z hlediska

pritomnosti, druhové bohatosti a pocetnosti obojzivelniki.

Plan pokusu

Celkové bylo hodnoceno 13 vysypek v oblasti Mostecké panve. VEék vsech sledovanych
vysypek se pohyboval od 10 do 50 let od nasypani ¢i po technické rekultivaci vysypek (u
rekultivovanych ¢asti). Sledovany nebyly vysypky mladsi 10 let, protoZe nizké sukcesni stafi
uzemi by mohlo negativné ovlivnit diverzitu obojZivelnikl. VétSina druhd obojzivelnikl

v mostecké oblasti je schopna osidlit vysypky az star$i 10 let (Vojar, 2006).

Pro srovnani pfitomnosti obojzivelnikii, druhové diverzity a pocetnosti modelového
druhu skokana $tihlého mezi rekultivovanymi a sukcesnimi ¢astmi bylo nahodné vybrano 176
vodnich biotoptl, z toho 98 v 7 technicky rekultivovanych ¢astech a 78 v 6 sukcesnich ¢astech
vysypek. Celkova plocha 13 vybranych vysypek byla cca 62 km?. Na kazdém ze 176 vybranych
jezirek byly provedeny dvé navstévy, prvni v dubnu a druha v ¢ervnu roku 2010. Zjistovana
byla pfitomnost (vSech sledovanych druhii obojZivelniki), pocetnost (pouze v piipadé R.
dalmatina na zakladé poctu sntsek) (viz Dodd, 2010; Heyer et al., 1994) a parametry vodnich
biotopu. Pro detekci vyskytu obojzivelnikt byly pouzity standardni mapovaci techniky. Snusky
byly pocitany pii prochazeni litoralni vegetace. R. dalmatina byl vybran jako modelovy druh
pro snadnou detekci a pocitani snuSek. Z divodu teritoridlniho chovani klade kazdy par
oddélené a snadno rozpoznatelné sntsky (Lesbarreres et al., 2003; Lesbarreres & Lodé, 2002;
Schneider, 1996) a samice klade pouze jednu sniisku za rozmnozovaci obdobi (Lodé et al.,
2005; Rehak, 1992). Diky tomu je metoda poctu sniiSek casto pouzivana pro odhad pocetnosti
populace dané¢ho druhu (napt. Hartel, 2005; Hartel et al., 2009; Solsky et al., 2014 — Ptiloha
[11). Pro zjistovani vlivu environmentalnich proménnych na pfitomnost obojzivelnikti byly
vSechny sledované proménné shodné s piedchozi studii (kap 3.1; Dolezalova et al., 2012 —

Ptiloha I).
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Shrnuti vysledki

V oblasti Mostecké panve se vyskytuje 12 druhti obojzivelnika (Smolova et al., 2010;
Vojar a Dolezalova, 2003), z toho 9 druhu je schopno osidlit i vysypky. Druhové slozeni
obojzivelnikil se mezi sukcesnimi (S) a technicky rekultivovanymi (TR) tseky vysypek lisilo.
Zatimco vodni plochy v sukcesnich Castech obsadily predevsim R. dalmatina (S — 60 %
obsazenych vodnich ploch, TR — 21 %), Lissotriton vulgaris (S — 31 %, TR — 20 %) nebo
Bombina bombina (S — 21 %, TR — 12 %), vodni plochy na technicky rekultivovanych ¢astech
vysypKy Casto nebyly obsazeny zadnym druhem, nebo byly obsazeny nenaro¢nymi druhy jako
napft. Bufo bufo (S -5 %, TR — 10 %).

Nejvice rozsifenym druhem na vysypkach celkové byl Pelophylax ridibundus,
eurytopni druh nizsich poloh (Moravec, 1994, 2019). Byl nalezen téméf stejné v sukcesnich i
rekultivovanych ¢astech (S — 62 %, TR — 49 %), stejné jako pomérné vzacné&jsi Triturus
cristatus (S — 10 %, TR — 8 %). Vzacny pak byl vyskyt Rana temporaria (nalezen pouze na S)
a Bufotes viridis a Pelobates fuscus (nalezeny pouze na TR). VétSina zaznamenanych druhd
obojzivelnikii se vyskytovala ptevazné v sukcesnich ¢astech vysypek. Nejvyssi afinita k
nerekultivovanym vysypkam byla zjisténa u R. dalmatina. Bez ohledu na provedené rekultivace
vétSina druhii obojzivelnikli preferovala vodni plochy s ¢aste¢né rozvinutou litordlni vegetaci
(5-75 % vegetacni pokryv), s mirn¢ svazitymi biehy (do 30°) a nizsi konduktivitou vody.
Vysokéa vodivost na vysypkach je zplisobena ionty hliniku, které se vyplavuji z jilovitého
podlozi (Frouz et al., 2005), a tim zvySuji toxicitu vodniho prostiedi pro obojzivelniky i jejich
larvy (Beebee, 1996; Freda, 1986). Vétsina druhd obojzivelnikt proto preferuje vodni plochy s
niz$i konduktivitou (napt. Stumpel & van der Voet, 1998).

Celkova diverzita druhd byla mirné vyssi na rekultivovanych castech (8 druhu
obojzivelnikil), nez v sukcesnich ¢astech (7 druhtl). OvSem druhova bohatost v jednotlivych
vodnich biotopech, podil obsazenych vodnich ploch alespoii jednim druhem i pocetnost snisek
skokana Stihlého byly vyrazné vysSi na sukcesnich Castech vysypek nez na technicky
rekultivovanych. Vysledky této studie potvrdily biologicky potencial vysypek jako cennych
stanovist' pro obojzivelniky, ale pravdépodobné i pro mnoho dalsich vodnich a semiakvatickych
druhi (Marsh & Trenham, 2001; Petranka et al., 2007; Semlitsch & Bodie, 1998). Spolu
S pfedchozi praci (Dolezalova et al., 2012 — Pfiloha I) poskytuji silny argument pro ochranu

nerekultivovanych ¢asti post-tézebnich ploch jako vhodnych lokalit pro obojzivelniky.
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Soucasny stav rozpracovanosti a podil autora

Rukopis byl publikovan opét v ¢asopise Ecological Engineering s IF (kategorie Jimp)
(Vojar et al., 2016 — Ptiloha II).

V ramci této prace jsem se aktivné podilela na sbéru dat v terénu na vybranych vodnich
plochach, ptepisovala a zpracovala jsem nasbirana data do tabulek. Dale jsem se Castecné
podilela na pfipravé textu rukopisu (revize textu, vyhledavani a doplnéni informaci
z citovanych ¢lankq, ptiprava citaci a pouzité literatury) a tvorbé mapovych podkladi. V rdmci
tvorby rukopisu jsem se autorsky podilela z cca 20 %, coz odpovida poradi autord v této praci

(Ctvrty autor).
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Velikost sniisek skokana $tihlého a jeji variabilita
3.3  Velikost sniiSek skokana §tihlého a jeji variabilita
Solsky, M., Smolova, D., Dolezalova, J., Sebkova, K., Vojar, J., 2014. Clutch size

variation in agile frog Rana dalmatina on post-mining areas. Polish Journal of Ecology 62(4),
789-799. — Priloha III.

Reprodukéni usili, tj. velikost snisek (pocet vajec €i larev ve snlisce), mize byt u
obojzivelnikii zna¢né variabilni (Duellman & Trueb, 1994; Morrison & Hero, 2003; Wells,
2007) a je velice ¢asto sledovanou charakteristikou (napt. Cadeddu & Castellano, 2012; Cooper
etal., 2008; Guayara & Bernal, 2012; Liao et al., 2016). V ramci populace muze velikost snisky
vypovidat o velikosti a staii samic (Duellman & Trueb, 1994). Existuje totiz predpoklad, ze
veétsi (tedy starSi) samice produkuji vEétsi (tedy pocetnéjsi) snusky vajec (napt. Duellman &
Trueb, 1994; ElImberg, 1991; Wells, 2007).

Nekteré studie navic prokazaly souvislost velikosti téla samic modelového druhu
skokana $tihlého s jejich migraénim potencialem. VéEtSina samic na jafe migruje ze zimovist do
vhodného reprodukéniho biotopu (Rehak, 1992). U vétSich samic je predpoklad, ze jsou
schopny pohybu na vétsi vzdalenosti nez ty mensi (Bonner & Peters, 1985) a sntsky vétsich
velikosti tedy budou umistény Vv biotopech vice vzdalenych od zimovisté. Migrace vétSich
samic do vzdalenéjSich reprodukénich biotopi miZe byt motivovana mensim kompeti¢nim
tlakem na jejich pulce (napf. nizsi stres a mortalita, dostatek potravy atd. (Hartel et al., 2007b)),
protoze mens$i samice nejsou schopny vzdalenéj$i biotopy obsadit (Ponsero & Joly, 1998).
Ovsem pokud migruji vesti samice do bliz§ich biotopti, dosdhnou jich pravdépodobné diive nez
mensi samice a jejich pulci tak budou konkurenéné silnéjsi (starsi a vétsi) (Heusser et al., 2002).
Velikost snusky mize byt ale ovlivnéna i rozdilnym vlastnostmi samotnych reproduk¢nich
biotopd. Dosud vsak studie vénovana sledovani variability velikosti snisek na post-tézebnich
plochach provedena nebyla. Hornojifetinska vysypka je pro studie tohoto typu vhodnym
prostiedim, nebot’ se zde vyskytuje nekolik desitek vodnich ploch obsazenych skokanem
Stihlym (Vojar & Dolezalova 2003; Vojar et al., 2016 — Piiloha II). Pfedkladana studie se
zamg¢ftila na detailni sledovani velikosti sntiSek, tedy pocet vajec ve sntliSce a jeji variabilitu u
modelového druhu skokana Stihlého a zda je tato variabilita ovlivnéna parametry vodnich
biotopli, okolniho prostiedi a vzdalenosti od predpokladaného zimovisté samic skokana

Stihlého — luhu potoku Loupnice pii severozapadnim okraji vysypky (Vojar et al. 2008).
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Velikost sniisek skokana $tihlého a jeji variabilita
Cile prace:

1. Posoudit ¢asovou a prostorovou variabilitu velikosti sniSek (resp. po¢tu vajec

V ni) ve vybranych vodnich biotopech Hornojifetinské vysypky.

2. Posoudit variabilitu velikosti snisek na zakladé vlastnosti vodnich biotopu,

ptedevsim vzdalenosti od pfedpoklddaného mista hibernace — mékkého luhu.

Plan pokusu

Porovndno bylo 160 snGSek ve 14 riznych vodnich plochach na Hornojifetinské
vysypce. Spolu s velikosti sntsek byly zjistovany i parametry prostiedi — stejné jako v ptipadé
dvou ptedchozich studii (kap. 3.1 a 3.2). Zjistovani charakteristik jednotlivych vodnich ploch
probihalo v roce 2009 a 2010. Vyzkum byl provadén na Hornojifetinské vysypce, kterd se
rozklada na plose asi 7 km? a je jednou z nejvétsich vysypek v severoceské hnédouhelné panvi.
Celkem bylo sledovano 14 vodnich ploch (z toho 3 byly sledovany v obou letech) v riznych
vzdalenostech od mékkého luhu (od 29 m do 1315 m). Snasky byly zjistovany a pocitany
V druhé polovin€ dubna pomalym prochazenim litoralni vegetace, kam skokan $tihly umist'uje
své snisky (Barus & Oliva, 1992). Pro urovani velikosti snisek byla pouzita metoda
jednoduchého zatizeni, které umoziuje s¢itani poctu vajec a pulcii bez jakékoliv skodlivého
vlivu na sntsky (viz popis metody nize, Obr. 1). Zatizeni a metoda pocitani se mezi roky nijak

neliSily a terénni prace provadé€li po oba roky stejni lidé.

Jako vhodny modelovy druh byl vybran skokan $tihly. Samice tohoto druhu klade
kompaktni a izolované snusky (Baru§ & Oliva, 1992; Hartel et al., 2009; Lesbarréres et al.,
2003; Lesbarréres & Lodé, 2002; Zavadil, 1986). Pti terénnich pracich bylo vyuzito metody,
pomoci které Slo relativné snadno urcit velikost snisSek. Zatizeni se skladd z jemné sité
(nylonovych puncoch) a polystyrenového vénce. Nylonové puncochy byly zvoleny pro jejich
snadnou prostupnost vody i potravy pro pulce (fasy, organicky materidly) a zaroven brani
predaci snuiSek (napf. potapniky, larvami vazek apod). Polystyrenovy vénec zabraiuje potopeni
zatizeni pod hladinu. Zatizeni (Obr. 1) se ponecha kolem snuisky az do vylihnuti pulcti. Poté se
obsah celé sniiSky (pulci i nevylihld vejce), umisti na bily tdc danych rozmért a potidi se
fotografie. Pocitani jednotlivych vajec i1 pulcti probihd nasledné z potizenych fotografii.
Zatizeni bylo Gispésné testovano na 193 snuiskach skokana stihlého v letech 2007 az 2010 (Vojar

et al., 2012). V nasledujicich letech bylo zafizeni vyuzito i v dalSich védeckych pracich napf.
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Daniela Budska, diserta¢ni prace Shrnuti nejdulezitéjsich vysledkl a komentar k
publikacim
Velikost sntiSek skokana Stihlého a jeji variabilita

pii studiu vlivu asortativniho parovani na podil oplozenych vajec ropuchy obecné (Chajma &
Vojar, 2016).

v
Sa'd

San

Obr. 1: Zatizeni z véncti a nylonovych puncoch pro zjistovani velikosti sniisek (resp. pocet

vajicek ¢i pulct v nich) skokana $tihlého (Vojar et al., 2012).

Shrnuti vysledki

Primérna velikost sledovanych sniSek byla 1295 vajec. Ve srovnani s jinymi

publikovanymi pracemi nami sledované snusky dosahovaly vétSich prumérych velikosti i
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nejvetsi rozptyl (od 205 do 3300 vajec ve sntsce), coz mohlo byt zplsobeno sledovanim

vyrazné vétSiho poctu snusek (160), nez tomu bylo ve srovnavanych studiich (cca 20-30

snusek).

Velikost snisek na Hornojifetinské vysypce se mezi roky zna¢né lisila. V roce 2009
byla primérna velikost i smérodatna odchylka asi polovicni (primér = 744+254, nenasek = 48) V
porovnani s rokem nasledujicim (pramér = 1531+507, ngnasek = 112), coZ mohlo byt zpisobeno
rozdilnym charakterem pocasi v jednotlivych letech. Velikost snisek vykazovala také
prostorovou variabilitu. Interakce mezi témito dvéma proménnymi (sezonni i prostorova
variabilita) vsak prokazana nebyla, coz znamena, ze velikosti sntisek se v prubéhu obou let mezi
vybranymi vodnimi plochami liSily podobné. Meziro¢ni rozdily ve velikosti sntusek (tedy i
poctu vajec) mohou byt zplisobeny i vlastnostmi prostiedi jednotlivych lokalit, ov§em zadna
Z ndmi sledovanych biotopovych charakteristik na velikost snliSek vyznamny vliv neméla. To
muze byt zptisobeno napt. vybérem lokalit. Vybirany byly vodni plochy s vétsim poctem sntsek
skokana Stihlého, mohlo tedy dojit k vybéru vodnich biotopi s podobnymi vlastnostmi,
preferovanych modelovym druhem. Diky tomu, by nebylo mozné odhalit vyznamny vliv
jednotlivych charakteristik vodniho biotopu. Piekvapivé nebyla prokazana ani zavislost mezi

velikosti sntsky a vzdalenosti od mékkého luhu, na rozdil od studie (Ponsero & Joly, 1998).

Soucasny stav rozpracovanosti a podil autora

Rukopis byl publikovan v ¢asopise Polish Journal of Ecology s IF (kategorie Jimp)
(Solsky et al., 2014 — Ptiloha III).

V ramci této studie jsem se aktivné podilela na sbéru dat v terénu na vybranych vodnich
plochéch, instalaci zatfizeni pro zjiStovani velikosti snisek skokana S$tihlého a nasledného
fotografovani zachycenych pulcii a vajec. Dale jsem z Casti ptepisovala data zterénu a
zpracovala jsem nasbirana data do tabulek. Céstecné jsem se podilela na piipravé textu rukopisu
(vyhledavani a doplnéni informaci z citovanych ¢lankd, ptiprava tabulek s citovanymi pracemi
o velikosti sntsek jinych autorti, pfiprava citaci a pouZité literatury). V ramci tvorby rukopisu

jsem se autorsky podilela z cca 40 %, coz odpovida poradi autorl v této praci (druhy autor).
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Vodni plochy na vysypkach a v okolni krajiné
3.4 Vodni plochy na vysypkach a v okolni krajiné
Budska, D., Chajma, P., Harabis, F., Solsky, M., Dolezalova, J., Vojar, J., 2022.

Exceptional Quantity of Water Habitats on Unreclaimed Spoil Banks. Water 14 (13),
2085. — Priloha IV.

Povrchova tézba je zodpovédna za rozsahlé ni¢eni krajiny. Zaroven ale plati, Ze pfi a po
t€Zbé vznika nové jedineéné prostiedi. Nejsou-li plochy nasledné rekultivovany, vznika
prostiedi se zna¢nou biotopovou diverzitu (Mojses et al., 2022; Moradi et al., 2018). Xerotermni
stanovisté na vyssich usecich se stfidaji s ¢etnymi vodnimi biotopy (Dolezalova et al., 2012 —
Ptiloha I), které jsou biologicky zajimavé zejména pro organismy vazané na vodni prostiedi
(Vojar et al., 2016 — Ptiloha II). Kromé podpory diverzity a vzacnych druhtt mohou poskytovat
nerekultivované plochy i dalsi ekosystémové sluzby, napf. mohou zvysit retenci vody v krajiné
¢i usnadiiovat pohyb né&kterych druhfi (Cushman, 2006; Hartel & Ollerer, 2009; Kotodziej et
al., 2016; Sjogren, 1991; Vojar, 2006, 2015). Otazkou tedy je, zda se tyto biotopy vzniklé
V ramci téZzby (at’ uz sukcesi ¢i pomoci rekultivace) 1isi od vodnich biotopi v okolni krajing,
které se nachazi ve stejném regionu, ale nejsou tézbou zasazeny. OvSem studii, které se ptimo
zamé&fuji na hustotu a kvalitativni parametry sladkovodnich biotopl na mistech po tézb¢ a na
lokalitach neovlivnénych téZbou dosud existuje pouze minimum. Navic se vétSinou se zamé&fuji
pouze na jednotlivé charakteristiky vodnich ploch (Kleeberg, 1998; Mays & Edwards, 2001,
Nixdorf et al., 2001; 2003; Sistani et al., 1995; Taylor & Middelton, 2004) nebo na vyskyt
riznych taxonomickych skupin ve vodnich plochach (Batty et al., 2005; Carrozzino, 2009;
Carrozzino et al., 2011; Lacki et al., 1990; Polaskova et al., 2017, Proctor & Grigg, 2006). Je
piekvapivé, Zze doposud nebylo provedeno zadné porovnani post-tézebnich ploch s dalsimi typy
krajin, které byly ovlivnéné jinym zplisobem hospodaieni nez tézba (napf. zemédélstvi,
lesnictvi) €i oblasti chranénych pro své krajindisko-pfirodovédné hodnoty (napt. chranéné
krajinné oblasti) v Sir§im kontextu. Takové srovnani jsou dilezitd pro pochopeni vyznamu post-
tézebnich ploch a mohou pomoci zvysit uplatnéni spontanni sukcese v rekultivaénim procesu.
Proto bylo cilem této studie porovnat mnoZzstvi a vlastnosti vodni stanovist’ mezi misty po tézbé
a okolni krajinou. Pro ucel zobecnéni vysledkli a moznosti jejich vyuziti v rekultivacnich
postupech bylo do studie zahrnuto 649 vodnich biotopti vyskytujicich se na vysypkach
Mostecké panve a vSech typech okolni krajiny.
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Vodni plochy na vysypkach a v okolni krajiné
Cile prace:

1. Zjistit, jak se mezi sebou lisi vlastnosti prostiedi post-téZebnich ploch a dalSich
typu krajin, které nebyly ovlivnény téZbou. Porovnat vybrané typy Kkrajin
Z hlediska pocetnosti a celkové rozlohy vodnich ploch a z nich odvozenych

charakteristik.

2. Porovnat zaznamenané biotopové charakteristiky jednotlivych vodnich ploch a
jejich okoli a zjistit, jak se 1isi charaktery vodnich ploch na post-tézebnich

plochach ve srovnani s ostatnimi typy krajin.

Plan pokusu

Celkové bylo hodnoceno Sest odliSnych typt krajin, které se nachazi v severozapadnich
Cechéch. Uzemi zahrnovalo diive sledované sukcesni a rekultivované vysypky a dalsi typy
krajin v jejich okoli, které nebyly tézbou ovlivnény — horska krajina Krusnych hor, louky a
pastviny Ceského stfedohoii, lesnata &ast Ceského stiedohoii a zem&délska krajina v niZing na
Lounsku. Nasledné bylo z kazdého typu krajiny nahodné vybrano 10 ¢tverci o velikosti 1 km?,
Celkem bylo zmapovano 60 ¢tvercu v 6 riznych typech krajiny: 40 ¢tverci v téZbou nenarusené
krajiné (netéZebni plochy) a 20 étverct v post-téZzebnich plochach (vysypky). Celkova plocha
pokryta intenzivnimi terénnimi pracemi byla 57,05 km? (40 km? v netézebnich oblastech a
17,05 km? na vysypkach). Béhem dubna a kvétna roku 2013 bylo v terénu nalezeno 657
vodnich, které byly popsany na vSech urovnich vyznamnych pro obojzivelniky (Denoél &
Lehmann, 2006; Pope et al., 2000). Popisované charakteristiky vodnich ploch byly shodné s
predchozi studii (viz kap. 3.1; Dolezalova et al., 2012 — Ptiloha I). Pro kazdy typ krajiny byl
vypocten celkovy podil plochy pokryté vodnimi biotopy, primérné plocha vodnich ttvari a

pocet vodnich witvart na km?.

Shrnuti vysledki

Z vysledki vyplyva, ze celkova plocha vodnich biotopti v 1 km? se mezi vysypkami a
netézebni krajinou nelisila, naopak pocet vodnich ploch na km? byl prikazné vyssi na
vysypkovych plochach. Pti porovnani mezi jednotlivymi typy krajin bylo prokéazano, ze pocet
vodnich biotopt na jednotku plochy byl na technicky nerekultivovanych vysypkach (primérné
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53,76 vodnich ploch/km?) mnohondsobné vyssi nez pocet vodnich biotopti nalezenych na
rekultivovanych vysypkach (praimémé 3,39 vodnich ploch/km?) i v okolnich typech krajiny
(pramémé ve vsech téZbou nezasazenych typech 5,78 vodnich ploch/km?). Nejvétsi podil
rozlohy vodnich biotopti na 1 km? byl v zemédglské krajing (4,03 %) a na nerekultivovanych
vysypkéch (3,8 %). Vysoky podil vodni plochy zjistény v zeméd¢€lské krajiné je vSak dan
vyskytem jednoho velkého rybnika, ktery zabiral témét tietinu sledovaného Ctverce (0,315
km?). Nejniz$i celkova plocha vodnich biotopti v 1 km? byla zaznamenana v lesnaté &asti
Ceského stiedohoii oblasti (0,05 %), kde se ¢asto nachazely pomé&mé strmé svahy a kde mohou
vznikat spiSe malé vodni biotopy (napf. tin€, ptikopy, podmacené ptikopy) (primérna velikost
75 m?). Mensi vodni biotopy (primémé 343 m?) byly nalezeny i v horské krajing, ale jejich
hustota zde byla mnohem vyssi. Na technicky rekultivovanych vysypkach byly zaznamenany
vodni plochy vétsich rozmérii (primérna velikost 2031 m?), které obvykle slouZi jako retenéni
nadrze. Tyto vodni plochy jsou svou rozlohou a dal$imi parametry podobné rybniktim, které
byly prevladajicimi vodnimi biotopy v lu¢ni a pastvinné a zemédélské krajing. VEtsinu lucni a
pastvinné krajiny tvotily rozséhlé travnaté porosty, Casto na strmych svazich, kde se vodni
plochy mohou vyskytovat jen ojedinéle (primérné 1,9 vodnich ploch/km?). Hustota vodnich
ploch je omezena i v zemé&délské krajiné (primérné 3,6 vodnich ploch/km?), a to zejména v

oblastech intenzivniho zeméd¢lského hospodateni (Tlapakova, 2017).

Navzdory vyznamnym rozdiltim v ¢etnostech vodnich biotopt na jednotlivych Grovnich
parametrd, zahrnovala vétsina typa Krajin vodni Gtvary na vSech trovnich jejich charakteristik.
Vodni biotopy na vysypkach (rekultivované a nerekultivované) mély zastoupeni poctu
mélkych, stfednich a hlubokych vodnich ploch relativné vyrovnané. V ostatnich typech krajin
vsak pievazovaly mélké vodni biotopy (do 0,5 m hloubky). Ve vétsiné hodnocenych krajin (s
vyjimkou lu¢ni a pastvinné a zeméd¢lské krajiny) prevladaly vodni plochy s mirné svazitymi
biehy (do 30°). PIn¢ oslunény vodni plochy ptevazovaly na rekultivovanych vysypkach i ve
oblasti lu¢ni a pastvinné. Na nerekultivovanych vysypkach pak ptevazovaly ¢aste¢né oslunéné

vodni plochy a vétSina vodnich ploch nalezenych v lesnaté krajin€ byla zcela zastinéna.

Studie prokazala, Ze prostfedi vznikajici na vysypkach bez technické rekultivace je
V porovndni s okolni krajinou zcela unikatni. Jedinecnost téchto post-té¢Zebnich lokalit spociva
ve zejména vyjimeéném poétu (nejvyssi pocet vodnich biotopti/km?) i podilu vodni plochy
(druha nejvétsi celkova plocha vodnich biotopi na km?), které tak mohou dobie kompenzovat

ztratu vodnich biotopil v okolni krajiné.
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Soucasny stav rozpracovanosti a podil autora

Rukopis byl pfijat a publikovan v ¢asopisu Water s IF (kategorie Jsc) (Budska et al.,
2022 — Piiloha 1V).

V ramci této prace jsem pripravovala veskeré podklady pro sbér dat (vybér ctverct,
vytipovani vétsich vodnich ploch, pldn mapovani atd.), aktivné jsem organizovala a podilela se
na sbéru dat v terénu na vybranych ¢tvercich, prepsala a zpracovala jsem nasbirana data do
tabulek a provedla prostorové analyzy v programu ArcGIS (ESRI, 2018). Dale jsem upravovala
data pro statistickou analyzu, provedla ¢ast statistickych analyz a pfipravila zdkladni text
rukopisu, véetné tvorby tabulek a map. Nasledné jsem se podilela na dalSich revizich textu az
do finalni podoby publikovaného ¢lanku. Zaroven jsem zajistovala financovani tohoto projektu
pomoci grantu IGA FZP 20134282. Studie porovnani post-téZzebnich lokalit a krajin tézbou

neovlivnénych je miyj hlavni podprojekt.
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4. Zavéry a doporuceni

Na castech vysypek, které byly ponechdny spontanni sukcesi, bylo zaznamenano
vyrazn¢ vice vodnich biotopti, navic s vhodnéjSimi parametry pro vyskyt obojzivelnikii nez na
plochach po technické rekultivaci (Ptiloha I). Populace skokana §tihlého jsou zde pocetnéjsi a
byla zde prokazéana také vyssi druhova diverzita obojzivelnikt (Ptiloha II). Mnozstvi vodnich
biotopl je na plochach ponechanych spontanni sukcesi mimotadné i ve srovnani s okolni,
tézbou nedotcenou krajinou (Pfiloha IV). Studie zaméfend na sledovani velikosti sntiSek
skokana Stihlého na Hornojifetinské vysypce pak prokazala jak sezonni, tak prostorovou

variabilitu ve velikosti sniisek tohoto druhu (Ptiloha III).

Vysledky této prace dokladaji, ze vysypky po tézbe hnédého uhli predstavuji z pohledu
obojzivelnikit velmi vyznamnd stanoviSté. ObojZivelnici jsou schopni osidlit prostiedi
technicky rekultivovanych i sukcesnich ploch. Vysypky bez technické rekultivace jim vsak
nabizeji v fad¢ ohledu preferovany typ prostiedi (Dolezalova et al., 2012 — Ptiloha I; kap 3.1)
a to dokonce i v porovnani s okolni krajinou (Budska et al., 2022 — Piiloha IV; kap. 3.4), ktera
nebyla t€Zbou uhli pfimo ovlivnéna. Diverzita obojzivelnik je zde vyssi a populace pocetn&jsi
(Smolova et al., 2010; Vojar et al., 2016 — Pfiloha II; kap. 3.2). Sukcesni vysypky proto
predstavuji zna¢ny potencial pro ochranu obojzivelnikli i dalSich druhli vazanych na vodni
prostiedi (Rehounek et al., 2010) a poskytuji i vhodné prostiedi pro fadu studii (Solsky et al.,
2014 — Ptiloha III). Jedna se o jedine¢ny prostor, ktery diky svym vlastnostem (velky vyskyt
vodnich ploch) i relativné velké rozloze poskytuje nékterym druhiim provazany systém
stanovist’, které se v okolni krajin¢ a v takovém métitku nevyskytuje (Budska et al., 2022 —
Ptiloha IV). Klicovym faktorem odpovédnym za mimofadné mnozstvi vodnich biotopi na
nerekultivovanych vysypkach je heterogenni topografie terénu, vznikajici bezprostfedné po
navrSeni vysypek (Bejc¢ek, 1982; Prach, 2003; Rehounek et al., 2010). Vétsi vodni utvary
vytvofené v ramci technické rekultivace mohou jen stézi nahradit klesajici nabidku vodnich
biotopl v regionalnim kontextu, coZz nasledné vede ke sniZeni diverzity vodnich taxon (viz
napt. Harabi$, 2016; Polaskova et al., 2017; Vojar et al., 2016 — Pfiloha II) a snizuji ochranatsky
potencial celé post-téZebni krajiny (Harabi§ & Dolny, 2012; Tropek et al., 2013).

Ovsem 1 rekultivacni postup je v fad¢é ptipadi potiebny a opodstatnény. Krajina
Severnich Cech byla tézbou uhli siln& ovlivnéna a v mistech vysypek vétiinou zcela zménéna,
obnova funkci krajiny zde proto ma své misto. Nékteré plochy je tieba obnovit rekultivaénim
postupem, a to at’ zem&délskou, lesni, hydrickou rekultivaci ¢i vystavbou mist pro sport a
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rekreaci. Pii planovani rekultivaci by ovS§em mély byt zohlednény i zajmy ochrany piirody a
vizualni stranka nové vznikajici krajiny. Jednou z moznych postupti je zachovani ¢asti vysypek
bez technické rekultivace, zachovat jejich heterogenitu vcetné podmacenych mist, vodnich
biotopt i xerotermnich vyvySenin. S pfispénim pfirozené sukcese mohou tyto systémy rtiznych
biotopt vytvaret vysoce hodnotné ekosystémy (McCullough & van Etten, 2011). Pfedevsim je
dualezité efektivnéjsi planovani rekultivaci a vyuzivani finan¢nich prostiedkii na rekultivaci i
nasledny management. Post t€Zebni plochy poskytuji dostatek prostoru pro vhodnou kombinaci
rekultivace 1 sukcese, je tieba pouze vhodné koncipovat izemi a tim snizit stfety ochrany
ptirody, zajmy t&Zebnich spole¢nosti i obyvatel ptilehlych obci. Cetné vodni biotopy jsou spolu
se spontanni dievinnou vegetaci pozitivnimi prvky scenérie a dodavaji krajiné novy specificky
raz (Mojses et al., 2022). Je ovSem dilezité rekultivaci s piedstihem planovat, cestou k
efektivnimu planovani mize byt dodrZzovani nasledujicich boda: (i) planovat vymezeni
sukcesni plochy s predstihem, (ii) zachovat propojeni t€Zzbou dotéené plochy s okolni krajinou,
(iii) na plochach vhodnych pro rekultivaci zakladat ¢i ponechavat hodnotnéjsi vodni plochy,
(iv) zachovat ruzna sukcesnich stadia napt. vhodnym managementem udrzovat rozmanitost a

(v) provadét zpétné vyhodnoceni rekultivacnich opatfeni (Dolezalova et al., 2012 — ptiloha I).

Vyznam jednotlivych vodnich biotopt pro vodni organizmy lze dale podpofit — napf.
vice prostorové strukturovat biehy, vytvofit pozvolné sklony bicht s rozvinutou litoralni
vegetaci (Joly et al., 2001; Ficetola & De Bernardi, 2004; Hartel et al., 2005) a bez cilené
vysazené rybi obsadky (Meyer et al., 1998; Hartel et al., 2007b). V blizkosti vétsi vodni plochy
je vhodné také vybudovat systém mensich jezirek, které umozni specificky vybér biotopi v
riznych fazich roku ¢i vyvoje jedincti daného druhu. Populace obojzivelnikd na vysypkach
mohou byt vazany na populace v okolni krajin¢ a naopak, z toho diivodu je tfeba dbat také na
zajisténi prostupnosti z okoli vysypek. K tomu Ize vyuzit vodni a mokfadni biotopy, které ¢asto

v okoli vysypek vznikaji a jeZ jsou zpravidla velmi rychle obojzivelniky osidleny (Vojar, 2000).

Tento komplexni piistup ovSem v praxi zatim funguje pouze omezen¢ (HodaCova &
Prach, 2003; Rehounek et al., 2010) a biologicky hodnotna uzemi vysypek jsou i nadale ni¢ena
rozsahlou technickou rekultivaci, prestoze se fada tézebnich i rekultivacnich spolecnosti
nebrani ponechani ploch spontanni sukcesi a principt pfirodné blizké obnovy. | diky fadé
védeckych studii, konferenci ¢i popularizacnich ¢lankd (napt. Hendrychova et al., 2021;

Jongepierova et al., 2018; Mudrak & Frouz, 2018; Pesout et al., 2021; Rehounek et al., 2015;
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Rehounkova & Rehounek, 2013; Tropek & Rehounek, 201 1) se zacina zachovani sukcesnich

ploch jako zpusob rekultivace uplatiiovat ¢im dal Castéji a na vétSich tzemich.
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Despite the ecological value of unreclaimed post-mining areas, in the Czech Republic, however, rigorous
technical reclamation still prevails. Such an approach usually leads to a more uniform environment and
destroys the habitat diversity of successional sites, including the variety of water bodies that are crucial
habitats for many aquatic and semiaquatic species. The aim of our study was to assess the water environ-
ment on reclaimed and unreclaimed post-mining sites from an “amphibian point of view”. We compared
the proportion of water habitat area, the number of ponds and their habitat features on 14 technically

Keywords: . reclaimed and 6 unreclaimed sections of spoil banks in the North Bohemian brown coal basin in the Czech
Open-cast coal mining . . .

Spoil bank Republic. The proportion of water area, number of ponds per hectare of spoil bank, and number of ponds
Amphibian in avicinity of 300 m were significantly higher on successional sections than on reclaimed sections of spoil

banks. We also found on successional areas a higher proportion of smaller shallow ponds, with gentle
shore slopes, partial insolation of water surface and partial vegetation cover. The ponds on technically
reclaimed parts of spoil banks were larger and deeper, with steeper shore slopes, full insolation and par-
tial vegetation cover. We conclude that primary succession leads to a more preferable environment for
amphibians than does technical reclamation, and it should be considered as an equal type of post-mining

Habitat feature
Pond characteristic
Post-mining landscape restoration

site restoration.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

It has been increasingly recognized that post-mining areas such
as sandpits, quarries, coal mines or spoil banks could have eminent
ecological value. In particular, sites left to spontaneous succes-
sion have been regarded as habitats with high species diversity
(Hodacova and Prach, 2003; Holec and Frouz, 2005; Hendrychova
et al., 2008) and as sites that are home to many threatened species
(Brdndle et al., 2000; Novak and Prach, 2003; Tropek et al., 2010;
Harabi§ and Dolny, 2011; Dolny and Harabis$, 2011), including
amphibians (Galan, 1997; Vojar, 2006; Smolova et al., 2010).

The root of the ecological importance of spontaneously
developed post-mining areas should be sought in the specific
environment arising there — early-successional sites, variety of olig-
otrophic ponds without intensive fish management, forest steppes
and open forests. Such habitats have been decreasing throughout
Europe over the past several decades due to intensive farming,
forestry management, industry and urban development (Rundel

* Corresponding author. Tel.: +420 224 383 854; fax: +420 224 383 778.
E-mail address: vojar@fzp.czu.cz (J. Vojar).

0925-8574/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.ecoleng.2011.11.017

et al.,, 1998; Konvicka et al., 2005). Furthermore, the heteroge-
neous surface of post-mining sites generates considerable habitat
diversity, particularly on spoil banks formed by the dumping of
overburden from lignite seams. Xerotherm habitats at higher sec-
tions of spoil banks are alternated there by waterlogged and
irrigated places on the impermeable substrate in terrain depres-
sions (Bejcek, 1982). Despite the many advantages of spontaneous
succession (Jochimsen, 1996; Tischew, 1998; Prach and Hobbs,
2008), rigorous technical reclamation of spoil banks still dominates
in the Czech Republic (Hodacova and Prach, 2003). During such
reclamation, primarily heterogeneous terrain is totally planned.
Instead of many ponds inhabited by a number of threatened species
(Vojar, 2007; Rehounek et al., 2010), only several large retention
basins are created. Spoil banks are then drained off and usually
cultivated for agriculture or forestry (Sklenicka and Lhota, 2002).
Such approach has an evidently negative effect on both habitat
and species diversity and leads to a more uniform environment
than that found on successional sites (Hodacova and Prach, 2003;
Rehounek et al., 2010). It is highly plausible that the environments
arising on spontaneous vs. technically reclaimed spoil banks are
considerably different, in particular, with respect to the number
and habitat features of water bodies. These attributes, of course,
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Fig. 1. Surveyed spoil banks in North Bohemian brown coal basin (Czech Republic).

could have a crucial impact on spoil bank colonization by plants
and animals. This applies especially to semiaquatic and aquatic
species withrestricted locomotion (Wellborn et al., 1996). Amphib-
ians use water habitats for reproduction (Duellman and Trueb,
1994) and as “stepping stones” during the colonization of new
areas (Semlitsch and Bodie, 1998; Hartel and Ollerer, 2009). In this
respect, amphibians represent a very good model taxa. We related
the results of our study to amphibians because of their complex
habitat requirements (Duellman and Trueb, 1994; Wells, 2007).
In our study, we focused just on water habitats, their vicinities
and pond connectivity as the crucial components of the amphibian
environment (Semlitsch and Bodie, 2003; Cushman, 2006). Com-
plex assessment of environmental conditions, including terrestrial
habitats and their structures (e.g., Joly et al., 2001; Hartel et al.,
2007a), is a separate subject dealt with in our subsequent research.

Despite numerous studies that have assessed water habitat
features on spoil banks from technical, landscape and ecological
points of view (e.g., Schulz and Wiegleb, 2000; Nicolau, 2003; Toy
and Chuse, 2005; Antwi et al., 2008), an essential gap still exists
in quantitative comparison of water habitat features between
spontaneous and technically reclaimed spoil banks. The environ-
mental conditions found there have not yet been described in
detail, nor have they been compared with those found at reclaimed
sites. Such information can help to establish spontaneous succes-
sion as an equal type of post-mining site restoration (Bradshaw,
1997). Description of habitat characteristics and knowledge of their
importance for particular species make it possible to select the most
valuable successional sites for future development and(or) to imi-
tate such conditions within ecological restoration of post-mining
sites (Ray et al., 2002; Lindenmayer and Hobbs, 2007).

The aim of this study, therefore, is to compare water habi-
tats on technically reclaimed and successional spoil banks from an
“amphibian point of view”, i.e. according to pond habitat features,
type of surroundings in the pond vicinity, and pond connectivity.
Furthermore, in the case of pond area and connectivity, we tried to
distinguish pure effect of reclamation status (succession vs. tech-
nical reclamation) from the effect of spoil bank specificity, which
could be done by assessing differences in the age of spoil banks,
dumping method used, location, overburden composition, and the
like. For the purpose of generalizing results and the possibility of
their use in restoration practices, the study area covers all larger

spoil banks situated in the North Bohemian brown coal basin in
the Czech Republic with more than 900 water bodies.

2. Material and methods
2.1. Study area and spoil bank description

The study was carried out on 17 large spoil banks in the
North Bohemian brown coal basin in the Czech Republic, situated
between the towns Usti nad Labem and Kadaii on an area of about
2500 km? (Fig. 1). The study area is the largest mining site in the
Czech Republic and one of the largest in all of Europe (Vrablikova
et al., 2008). Several spoil banks contained both successional and
technically reclaimed areas. Thus, we distinguished 14 technically
reclaimed areas and 6 areas without technical reclamation with a
total area of 84.3 km? (Table 1).

On the basis of orthophoto maps (Portal of Public
Administration, 2011), ArcGIS 9.2 (ESRI, 2007) and field sur-
veys, we described each spoil bank according to the reclamation
status (spontaneous vs. technically reclaimed), type of reclamation
(e.g. agricultural, forest), area of spoil bank, total area of water
habitats, the ratio of water habitats area and spoil bank area, mean
area of water habitats, total number of water habitats, and the
number of water habitats per hectare of spoil bank. If reclaimed
and successional sections were present at the same spoil bank,
each section was described separately (see Table 1 for details).

2.2. Pond location and description

Using orthophoto maps, GPS navigations and the systematic
field search in April 2010, we discovered 924 water bodies in total,
694 on successional and 230 on technically reclaimed spoil banks.
Each pond was located by GPS navigation and described accord-
ing to different levels of characteristics important for amphibians
(Pope et al., 2000; Denoél and Lehmann, 2006): (i) pond features
- area, maximum depth, shore slope, insolation of water surface,
coverage by littoral vegetation; (ii) type of prevalent surrounding
terrestrial environment and the status of reclamation; and (iii) con-
nectivity with other ponds in the surrounding area. A summary of
all variables is presented in Table 2.
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Table 1

Description of spoil banks (SB). TR=technically reclaimed part of spoil bank, TU=technically unreclaimed part; Recl.=type of reclamation, T=technical, F=forest,
A=agricultural, H=hydrological, G=grass stands, S=successional (without cultivated forest stands) - in case of multiple types of reclamation, the order indicates the
proportion of reclamation types on the spoil bank; area SB=total area of spoil bank in hectares; area WH =total area of water habitats in hectares; rat. WH/SB = the ratio of
total water habitat area to total spoil bank area expressed as a percentage; mean area WH =mean area of water habitats in m?; n WH = number of water habitats on spoil
bank; n WH per ha SB=number of water habitats on spoil bank per hectare of spoil bank.

Name of spoil bank (SB) Recl. Area SB (ha) Area WH (ha) Rat. WH/SB (%) Mean area WH (m?2) n WH n WH per ha SB

Technically reclaimed
Bfezno T,F A 231.36 1.61 0.70 4025 4 0.02
Cepirohy T, A, F 496.77 9.66 1.94 2476 39 0.08
Hornojifetinska - TR T,F, H 351.28 16.37 4.66 20,461 8 0.02
Kopistska - TR T, A G 119.94 4.74 3.95 23,704 2 0.02
Lochotice T,A,F 847.81 2.13 0.25 3045 7 0.01
Malé Biezno T,F A 306.62 1.35 0.44 2257 6 0.02
Merkur T,F A 100.45 3.97 3.95 2333 17 0.17
Pokrok T,F, A G 289.39 5.28 1.83 5285 10 0.03
Prunéfov T,F A 261.31 4.67 1.79 6672 7 0.03
Radovesicka - TR T,AF 1483.00 14.34 0.97 4216 34 0.02
RliZodolska - TR T,F,G 952.99 33.52 3.52 4410 76 0.08
Stfimicka T,F A 743.55 16.98 2.28 14,148 12 0.02
Velebudicka T,F A 729.32 1.32 0.18 1644 8 0.01
Zichlice T,F 103.35 0 0.00 0 0 0.00

Technically unreclaimed
Albrechticka F,S 89.85 0.24 0.26 91 26 0.29
Hornojifetinska - TU F,S 352.71 33.40 9.47 1380 242 0.69
Kopistska - TU F 359.06 14.64 4.08 438 334 0.93
Radovesicki - TU S 57.34 5.42 9.45 888 61 1.06
RtiZodolska - TU F,S 31.28 1.76 5.61 1463 12 0.38
Teplicka F 519.31 23.58 4.54 12,410 19 0.04

In the case of larger ponds recognizable from orthophoto maps,
their area was determined by tracing in ArcGIS (ESRI, 2007). Smaller
ponds were measured directly in the field by tape line. To avoid
errors resulting from the difficulty of precise measurement of some
variables (vegetation cover, insolation), from their variability dur-
ing the day (insolation) or within the pond (shore slope), and from
the subjectivity of such assessment as conducted by different per-
sons, we designated these pond characteristics as variables on an
ordinal scale (Table 2).

Maximum depth was measured using a ruler. For shore slope,
we considered the prevalent slope of banks under the water surface
directly affecting the occurrence of littoral vegetation (Pieczynska,
1990 in Jorgensen and Hoffer). The intensity of insolation was
stated as the ratio of the water surface area not shaded by trees
and shrubs growing around the pond to the total water surface
area. To avoid errors due to the sun’s changing position during the

Table 2
Description of assessed habitat features.

Variable (unit) Levels Range of levels

<0.5

0.5-1.5

>1.5

<30

30-55

>55

<5

5-75

>75

<5

5-75

>75

Initial successional stages
Arable lands
Grasslands
Forest steppes
Forests
Reclaimed
Unreclaimed

Maximum depth (m)

Shore slope (°)

Insolation (%)

Vegetation cover (%)

Surrounding environment

Technical reclamation

O = T D WN = WN = WN = WN = WK =

Pond area (m?)
Number of ponds within 300 m

day, we determined this variable only in the middle of the day,
i.e. between 10:00 a.m. and 3:00 p.m. We regarded as littoral vege-
tation any aquatic, emerged and submerged vegetation, as well as
submerged grasses and branches of trees along pond edges used by
amphibians for laying eggs and for shelter (Ficetola et al., 2006). The
proportion of vegetation cover was estimated using the method of
Oldham et al. (2000).

Prevalent surrounding terrestrial environment was described
within a vicinity of 150m and classified according to five types
of environment differing mainly by vegetation type and cover
(Table 2). The distance of 150 m around the pond was chosen on
the basis of studies investigating the importance of surrounding
terrestrial habitats for amphibians (e.g., Semlitsch and Bodie, 2003;
Zanini, 2006; Ficetola et al., 2009).

For the pond connectivity variable, we selected the number of
ponds within 300m. The distance of 300m corresponds to the
common dispersion ability of Central European amphibians (e.g.,
Ponsero and Joly, 1998; Baker and Halliday, 1999; Kovér et al.,
2009). The distance between ponds was measured as the “edge-
to-edge” distance. The program ArcGIS 9.2 (ESRI, 2007) was used
for creating buffer zones and for distance measurements.

2.3. Statistical analysis

The ratio of water habitat area to total spoil bank area, as well
the number of ponds per hectare of spoil bank between reclaimed
(n=14)and successional (n=6) spoil bank sections, were compared
by generalized linear models (GLM) using R statistical software,
version 2.10.1 (R Development Core Team, 2009). A separate model
was computed for each response variable. We used the status of
spoil bank reclamation, i.e. spontaneous vs. technically reclaimed,
as the explanatory variable.

We mainly used GLM to test the differences in habitat features
of water bodies between reclaimed and successional spoil banks
sections as well. A separate model was computed for each response
variable. As for quantitative variables on aratio scale (pond area and
the number of ponds within 300 m), we distinguished the effect
of reclamation status from the effect of spoil bank specificity by
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placing the variable of spoil bank specificity as the first in the model,
i.e. as a co-variable. Furthermore, we created a second model with
the opposite order of main variables, i.e. with reclamation status
first. Using variation partitioning (Legendre and Legendre, 1998),
we then expressed the ratio of explained variability by spoil bank
specificity and by status of reclamation, as well the amount of
the combined explained variability. The variable of pond area was
logarithmically transformed and the linear model (LM) was used.
For all categorical variables and variables on an ordinal scale, we
compared the number of ponds belonging to a particular level of
variable and status of reclamation. To analyze the obtained fre-
quencies, we used log-linear models with Poisson distribution of
the response variable.

To test the significance of each variable in the model, we used
Chi-squared deletion tests for the models with Poisson distribu-
tion of the response variable and F tests for the models with
quasi-Poisson distribution (Crawley, 2007). Each minimal adequate
model, except log-linear models (Pekar and Brabec, 2009), was
checked in the end using standard statistical diagnostics (Crawley,
2007).

3. Results

The ratio of water habitat area to total spoil bank area, as
well as the number of ponds per hectare of spoil bank, were sig-
nificantly higher on successional than on reclaimed sections of
spoil banks (ratio: df=1, F=10.82, p=0.004; pond number: df=1,
F=47.33, p<10~>). Water bodies occupied from 0.00% to 4.66%
(median=1.81%) of the area on reclaimed sections and from 0.26%
to 9.47% (5.08%) of the area on successions. The number of ponds
per hectare of spoil bank varied on reclaimed parts from 0.00 to
0.17 (0.02) and on successions from 0.04 to 1.06 (0.53).

Water bodies arising on unreclaimed parts of spoil banks were
significantly smaller than on reclaimed parts. On the other hand,
the number of ponds within 300 m was much higher on succes-
sional sites than on reclaimed sites (Fig. 2 and Table 3). Despite
the spoil bank specificity as a co-variable, the effect of reclamation
status was highly significant for both pond area and the number of
ponds within 300 m (Table 3). Nevertheless, the spoil bank variable
accounted for a considerable amount of variability as well (16.3%
of variability explained by both variables combined). In the case
of pond area, it was comparable with the variability explained by

Pond area (m?) Number of ponds within 300 m

5000 § 25 - ’

4000 20 -
3000 15 -
2000 10 - {
10004 4 5
0 - 0 -
S R S R

Fig. 2. Differences in pond area and number of ponds within 300 m on technically
reclaimed (R) and spontaneous (S) spoil bank sites. Vertical lines represent 95%
confidence intervals of the mean. See Table 3 for the results of statistical analyses.

Table 3

Results of analyses of differences in pond area and the number of ponds within
300 m on technically reclaimed (R) and successional (S) spoil bank sites. Bank = spoil
bank specificity, Rec =reclamation status (successional vs. technically reclaimed),
Bank:rec =interaction between mean variables. In the case of pond area, LM was
used; for the number of ponds, GLM with quasi-Poisson distribution was used.

Variable df F p Result
Pond area
Bank 1 76.68 p<10-6
Rec 1 20.98 p<10-° S<R
Bank:rec 1 15.25 p=10-*
Number of ponds
Bank 1 306.68 p<10-6
Rec 1 21.99 p<10-> S>R
Bank:rec 1 56.18 p<10°©

reclamation status (21.5%). For the number of ponds within 300 m,
the separate effect of spoil bank was even six times stronger than
the effect of reclamation status (35.3% and 5.6%, respectively). Fur-
thermore, most of the variability (about 60% in the case of both
variables) was explained by these variables combined.

Log-linear analyses of pond numbers belonging to a particular
level of a given variable, and reclamation status revealed highly
significant differences among observed frequencies in all variables
(Fig. 3 and Table 4). We found a higher ratio of deeper ponds on
technically reclaimed parts of spoil banks, whereas shallow and
medium-depth ponds prevailed on succession sites. Ponds with
gentle shore slopes were considerably predominate on successions,
with less than just 5% of ponds there in the steepest level (in con-
trast with nearly one quarter in reclaimed sites). As for insolation
of water surface, the majority of ponds on reclaimed sections was
fully insolated, in contrast to successional sections where partially
insolated ponds prevailed. Partially vegetated ponds predominated
in both reclaimed and unreclaimed spoil banks. On succession sites,
however, the proportion of fully vegetated ponds was significantly
higher than on reclaimed sites. Ponds on successional spoil banks
were mostly surrounded by forests and forest-steppe formations,
while other landscape types were rare or practically absent. This
contrasted to reclaimed spoil banks which had a more balanced
ratio of landscape types in pond surroundings (Table 4).

4. Discussion
4.1. Pond features

On succession sites, we found a higher proportion of smaller
shallow ponds with gentle shore slopes, partial insolation of water
surface and partial vegetation cover. The ponds on technically
reclaimed sections of spoil banks were larger and deeper, with
steeper shore slopes, full insolation and partial vegetation cover
(Fig. 3 and Table 4).

Central European amphibians usually prefer middle-sized
(about 500 m?2), stable water bodies with a depth allowing devel-
opment of partial vegetation cover (Ficetola and De Bernardi, 2004;
Van Buskirk, 2005; Hartel et al., 2007a). Very large and deep ponds
are unsuitable for amphibians due to intensive fish management
(Joly et al,, 2001; Hartel et al., 2007b) and could even represent
barriers for them (Ray et al., 2002). Very small and shallow ponds,
on the other hand, are often threatened by desiccation (Kopecky
et al., 2010), and due to restricted size and suboptimal conditions
they often host small populations (Hartel et al., 2007b). For some
species, however, small temporary ponds represent crucial habi-
tats (Griffiths, 1997; Kopecky et al., 2010) and, as pond clusters,
could maintain their large (meta)populations (Denoél, 2007). Tiny
water bodies are also relevant as amphibian refuges (Van Buskirk,
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Fig. 3. Number of ponds according to the particular level of the given variable and the reclamation status (successional vs. technically reclaimed). For an explanation of the

levels of variables (see Table 2).

2003), as they increase landscape permeability and support colo-
nization of new areas (Hartel and Ollerer, 2009). As for pond size
and depth, we can conclude that unreclaimed spoil banks contain
a higher proportion of suitable, i.e. small and middle-sized, water
bodies supporting the existence of most amphibian species living
in spoil bank surroundings.

Shore slope and pond depth are features closely related to
ponds’ vegetation cover (Pieczynska, 1990 in Jorgensen and Hoffer),
which protects amphibian eggs, larvae and adults against predators
(Joly et al., 2001). Water bodies on both successional and techni-
cally reclaimed spoil banks were predominantly partially vegetated
(Fig. 3 and Table 4). In the case of large and deep ponds that pre-
vailed on reclaimed sites, however, partial vegetation represented
merely a narrow ring of vegetation around the pond. Along with
intensive fish predation, this does not offer suitable conditions for

amphibians (Joly et al., 2001; Hartel et al., 2007a). The gentle slopes
and lower depths of small ponds prevailing on succession sites
probably led to the relatively higher proportion of fully vegetated
ponds there.

The intensity of water surface insolation is connected to pond
size and the type of surrounding habitat (Ponsero and Joly, 1998).
Thus, small ponds surrounded by forests or forest steppes, which
prevailed on successional spoil banks, were relatively less insolated
than larger ponds on reclaimed spoil banks (Fig. 3 and Table 4).

4.2. Surrounding environment

Forest steppes and forests considerably prevailed as the terres-
trial habitats around ponds on successional spoil banks, whereas
the ratios of landscape types in pond surroundings on reclaimed
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Table 4

Log-linear frequency analysis of pond numbers according to reclamation status (R - reclaimed, S - successional) and the particular level of the given variable (numbers from
one to five). Only the interactions between particular variables and the reclamation status are presented as the results of the analyses (see Section 2). The percentages in
parentheses represent pond ratios within a particular reclamation status and the level of the given variable. For an explanation of the levels of variables (see Table 2).

Variable Pond numbers (%) df p
1 2 3 4 5
) s 252(36.3) 253(36.5) 189(27.2) 2 <10-6
Maximum depth R 63(27.4) 60(26.1) 107(46.5)
Shore s! s 515(74.2) 145(20.9) 34(4.9) 2 <10-6
ore slope R 129(56.1) 45(19.6) 56(24.3)
i s 127(18.3) 342(49.3) 225(34.4) 2 <10-6
Insolation R 34(14.8) 37(16.1) 159(69.1)
Vesetati s 54(7.8) 381(54.9) 259(37.3) 2 <10-6
egetation cover R 45(19.6) 131(56.9) 54(23.5)
Surrounding s 0(0.0) 3(0.4) 48(6.9) 180(25.9) 463(66.7) 4 <10-6
environment R 17(7.3) 25(10.9) 58(25.2) 58(25.2) 72(31.3)

sites were more balanced (Fig. 3 and Table 4). In the case of the
Kopistska and Teplicka spoil banks, this was due to forest recla-
mation in the past (Table 1). Forest steppes prevailed on the other
successional spoil banks. Most Central European amphibians pre-
fer forest steppe or forest habitats during their terrestrial period
(Denoél and Lehmann, 2006; Hartel and Ollerer, 2009). Although
they usually use more insolated ponds not under the canopy for
reproduction, continuity on micro-climatically suitable terrestrial
habitats is important for many species (Laan and Verboom, 1990;
Ponsero and Joly, 1998). The higher proportion of arable fields and
intensively managed grassland on reclaimed sites may decrease
spoil bank permeability for amphibians (Marsh and Trenham, 2001;
Ray et al., 2002).

4.3. Connectivity of water habitats

The main cause of the significantly higher ratio of water habi-
tat area, higher number of ponds per hectare of spoil bank, and
higher number of ponds within 300 m for successional spoil banks
(Fig. 2 and Table 3) is the heterogeneous surface of unreclaimed
post-mining sites (Bejcek, 1982). For European amphibians, ponds
are crucial not only as reproduction habitats. Clusters of suitable
and accessible ponds also maintain amphibian (meta)populations
(Laan and Verboom, 1990; Marsh and Trenham, 2001; Petranka
et al., 2007) and support the colonization of new sites (Sjogren,
1991; Cushman, 2006; Hartel and Ollerer, 2009), including spoil
banks (Vojar, 2006). Although the presence of water bodies regard-
less of amphibian presence is not itself decisive for persistence of
amphibian (meta)populations (Denoél and Lehmann, 2006), the
pure effect of pond incidence has been regarded as a significant
habitat feature (Vos and Stiimpel, 1996; Marsh et al., 1999; Zanini,
2006). Thus the considerably higher pond connectivity on succes-
sional parts of spoil banks should lead to more stable amphibian
(meta)populations and should enhance spoil bank colonization by
amphibians better than on reclaimed sites.

4.4. Reclamation status vs. spoil bank specificity

Although the effect of reclamation status (succession vs. techni-
cal reclamation) was significant in both pond area and the number
of ponds within 300 m, spoil bank specificity also accounted for
a considerable amount of variability, particularly in the case of
pond numbers. Furthermore, most of the variability was explained
by reclamation status and spoil bank specificity combined. The
reasons for such results probably arise from the specificity of

reclamation of some spoil banks. For instance, only on a small
part of the reclaimed RGZodolska spoil bank, and not on other
reclaimed spoil banks, was a relatively high number of small
ponds (39) created. Two spoil banks (Stfimicka, Lochocice) were
established as a hillside, and only on some terraces were water
bodies created. Special types of recreation reclamations on some
spoil banks (e.g. creation of a hippodrome and golf course on the
Velebudicka spoil bank) negatively affected the number of ponds
there. It is likely that spoil bank specificity could involve other
factors (e.g. age and location of spoil bank, composition of over-
burden, dumping method) that significantly affect environmental
features.

5. Conclusions

Our results showed that primary succession leads to more
preferable pond features for amphibians than does technical recla-
mation. The most important characteristics of successional ponds,
however, are their variability and high numbers, allowing the gen-
eration of functional amphibian (meta)population structures. It has
been hypothesized that the abundance of amphibian populations
will increase with the density of suitable habitats (Vos and Stiimpel,
1996; Zanini, 2006). This is consistent with our results, where
we found the most abundant amphibian populations on techni-
cally unreclaimed sections of spoil banks with a variety of ponds
(Smolova et al., 2010). Thus, successional post-mining sites repre-
sent great potential for nature conservation (Tropek et al., 2010).
In the Czech Republic, for instance, lignite mines and spoil banks
cover about 500 km? (Rehounek et al., 2010), an area comparable
to the total area of all Czech national nature reserves.

The question of how to use the ecological potential of post-
mining sites is a prevailing one in the Czech Republic. On the
one hand, considerable costs are allocated to nature conservation
(Konvicka et al., 2005), while, on the other hand, valuable habi-
tats on post-mining sites often arise naturally, without the need of
any additional costs (Prach and Hobbs, 2008). Furthermore, expen-
sive technical reclamation has a negative effect on these sites,
whereby it destroys habitat and species diversity (Hodacova and
Prach, 2003; Rehounek et al., 2010). Leaving parts of spoil banks
to primary succession could have a crucial positive effect not only
for amphibians (PiZl, 2001; Hodacova and Prach, 2003; Holec and
Frouz, 2005; Hendrychova et al., 2009).

To effectively protect the ecological value of post-mining sites,
finances should be used not only for ecological restoration imme-
diately after the end of mining, but also for subsequent habitat
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management and its monitoring. Using appropriate conservation
measures, e.g. partial elimination of littoral vegetation, pond silt
control, grass mowing, pasture or maintenance of open forests by
selective harvesting (Petficek, 1999), the variety of successional
stages of both water and terrestrial habitats on post-mining sites
should be maintained (Fog, 1997; Vojar, 2007).
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The ecological value and conservation potential of post-mining areas have been increasingly recognized
by scientists and conservationists during recent decades. Especially valuable are sites left to spontaneous
succession, which constitute habitats with high species diversity, or habitats that serve as refuges for
threatened species. In contrast to several other taxa, there is a lack of such evidence for amphibians,
despite the assumption that primary succession leads to a more suitable environment for amphibians
than does technical reclamation. Therefore, we compared the effects of technical reclamation and spon-
taneous succession on amphibian presence, species richness, and abundance of the model species Rana
dalmatina in technically reclaimed and unreclaimed sections of spoil banks in the Czech Republic’s North
Bohemian brown coal basin. We found that most recorded amphibian species, and R. dalmatina in par-
ticular, occurred predominantly within successional spoil bank sections. Apart from reclamation status,
amphibians preferred partially vegetated ponds (5-75% vegetation cover) having gently sloping shores
(<30°) and lower water conductivity. Mean species richness per pond (1.95 vs. 1.20), the proportion of
ponds occupied by amphibians (88.5% vs. 69.4%), and the mean numbers of R. dalmatina clutches per
pond (9.05 vs. 1.65) were significantly higher at unreclaimed sites compared to technically reclaimed
sites. This study confirms the conservation value of post-mining sites for amphibians and evidences that
sites left to spontaneous succession provide more suitable habitats for amphibians compared to techni-
cally reclaimed sites. Key habitat characteristics driving amphibian assemblages within post-mining sites
are identified and guidelines for effective protection of amphibians in post-mining areas are proposed.
© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

The ecological value and conservation potential of such post-
mining areas as sandpits, quarries, coal mines and spoil banks
have been increasingly recognized among scientists and conser-
vationists during recent decades. This applies mainly to sites left to
spontaneous succession and which represent a fine mosaic of habi-
tats with high species diversity (Hendrychova et al., 2008, 2009,
2012; Hodacova and Prach, 2003; Holec and Frouz, 2005; Mudrak
et al.,, 2010; Prach and Py3ek, 2001; Wiegleb and Felinks, 2001) or
habitats that are refuges for threatened species of vascular plants
(Tischew et al., 2014; Tropek et al., 2010; Wheater and Cullen,
1997), terrestrial invertebrates (Hendrychova et al., 2008, 2012;
Holec and Frouz, 2005; Mudrak et al., 2010; Prach and PySek, 2001;
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Wiegleb and Felinks, 2001), and vertebrates (Salek, 2012). In con-
trast to those for other taxa, studies on aquatic or semiaquatic
species are rare (but see Dolny and Harabi$, 2012; Harabis et al.,
2013). To our knowledge, in the case of amphibians, those stud-
ies taking place in post-mining areas are limited to investigation of
the spoil bank colonization process (Galan, 1997) or to collection
of faunistic records (Smolova et al., 2010; Vojar, 2006).

Spoil banks resulting from large-scale open-cast coal mining are
typical of a specific type of heterogeneous environment (DoleZalova
etal,, 2012). Terrestrial habitats at higher sections of spoil banks are
accompanied by waterlogged and moisture-retaining areas with
impermeable substrate in terrain depressions (Bejcek, 1982). Many
oligotrophic ponds with favorable habitat features have potential
to become valuable refuges for numerous threatened aquatic and
semiaquatic species (Harabi$ and Dolny, 2011), including amphib-
ians (DoleZalova et al., 2012). According to DoleZalova et al. (2012),
technically unreclaimed (successional) sections of spoil banks are
typical of a relatively high proportion of water area and higher


dx.doi.org/10.1016/j.ecoleng.2016.01.028
http://www.sciencedirect.com/science/journal/09258574
http://www.elsevier.com/locate/ecoleng
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecoleng.2016.01.028&domain=pdf
mailto:vojar@fzp.czu.cz
dx.doi.org/10.1016/j.ecoleng.2016.01.028

J. Vojar et al. / Ecological Engineering 90 (2016) 278-284 279

number of ponds than are those sections that have been tech-
nically reclaimed. The higher proportion of ponds occurring in
unreclaimed sections is also partially vegetated, smaller, shallower,
and with gentle shore slopes (DoleZalova et al., 2012). During tech-
nical reclamation of spoil banks, primarily heterogeneous terrain is
totally leveled, and instead of many various ponds only several large
retention basins are created (DoleZalova et al., 2012; Rehounek
et al,, 2010; Vojar, 2006). Therefore, larger and deeper ponds with
steeper shore slopes and less vegetation cover prevail at reclaimed
sites. The presumption is that primary succession leads to a more
preferable environment for amphibians than does technical recla-
mation (DolezZalova et al., 2012).

The aim of this study is to compare the effects of technical recla-
mation and spontaneous succession on amphibian diversity and
abundance. In particular, we asked whether (i) mean species rich-
ness per pond, (ii) the proportion of ponds occupied by amphibians,
and (iii) the mean numbers of clutches per pond of a selected model
species, the agile frog Rana dalmatina, are higher at unreclaimed
or at technically reclaimed sites. Furthermore, we analyzed the
possible effects of habitat features on the presence of amphibians
within selected water bodies (ponds). For the purpose of general-
izing results and the possibility of their use in restoration practice,
the study area covers most of the larger spoil banks situated in the
Czech Republic’s North Bohemian brown coal basin.

2. Materials and methods
2.1. Study area and pond selection

The study was conducted at 13 of 17 large spoil banks in the
North Bohemian brown coal basin (see Supplementary Geospatial
Data), the largest mining site in the Czech Republic and one of the
largest in Europe (Vrablikova et al., 2008). Using orthophoto maps
(Portal of Public Administration, 2014), ArcGIS 9.2 (ESRI, 2007),
and field surveys, each spoil bank was classified according to recla-
mation status (successional vs. technically reclaimed) that directly
affects spoil banks terrain heterogeneity and, therefore, the num-
ber of ponds there (DoleZalova et al., 2012). If both technically
reclaimed and successional sections were present at the same spoil
bank, each such section was classified separately. In total, we distin-
guished 13 technically reclaimed and 6 unreclaimed sections. For
a detailed description of the monitored spoil banks, see DoleZalova

Table 1

et al. (2012). The age of all spoil banks varied between 10 and 50
years after heaping for unreclaimed spoil banks and after techni-
cal reclamation of spoil banks for reclaimed sections. We avoided
the youngest spoil bank sections, because the newness of these sec-
tions could negatively affect amphibian diversity there. Spoil banks
about 10 years of age could be colonized by most amphibian species
in the region (Vojar, 2006).

During a systematic field survey of the spoil banks for water
bodies in the beginning of April 2010, we found 890 water bodies
and located these using GPS navigation. Of these, 196 were in 13
technically reclaimed sections and 694 were in 6 unreclaimed sec-
tions. For the comparison of amphibian presence, species richness
and R. dalmatina abundance between reclaimed and unreclaimed
sections, about 15 ponds were selected at random for each mon-
itored spoil bank section. The reason for reducing the size of the
pond sample was the impossibility to carry out precise amphib-
ian surveys at all 890 ponds for all amphibian species. Spoil bank
sections with fewer than six water bodies were excluded from the
comparison because of a need to balance the numbers of ponds in
particular spoil bank sections. In the end, 176 ponds in total were
selected, of which 98 were within 7 technically reclaimed sections
and 78 within 6 successional sections (Table 1). The total area of
the 13 selected spoil bank sections was about 62 km?.

2.2. Sampling of amphibian assemblages

At each of the 176 selected water bodies, two surveys were
conducted by skilled researchers, the first in the middle of April
2010 and the second in the beginning of June 2010, under standard
weather conditions (sunny or at most partly cloudy) during the
daytime (10:00-18:00 CEST). Standard surveying techniques for
the detection of amphibian occurrence (all monitored amphibian
species) and abundance (only in case of R. dalmatina) were used
(see Dodd, 2010; Heyer et al., 1994): (i) dip-netting, used particu-
larly for larvae and adults of newts and tadpoles of all anurans;
(ii) manual calling surveys, i.e. auditory monitoring for anuran
males; (iii) visual encounter monitoring for adults of all anurans;
and (iv) searching for clutches (egg masses). In case of Salamandra
salamandra, we did not perform specific detection of the species
(night surveillance) because of its evident absence on monitored
spoil banks due to inappropriate environmental conditions there
(Smolova et al., 2010; VozZenilek, 2000). A summary of methods

Presence of amphibians on surveyed spoil banks. TR =technically reclaimed sections of spoil banks, TU =technically unreclaimed sections (=successional). Recl. =type of
reclamation: T=technical, F=afforestation, A =agricultural, G = grass stands, S=successional; in cases of multiple types of reclamation, the order indicates the proportion
of reclamation types on the spoil bank. Nyongs =number of surveyed ponds; Nponds.pres =nnumber of ponds with the presence of at least one amphibian species (percent-
age =Nponds.pres/Nponds )s Nspecies = total number of amphibian species found on the spoil bank; Nypecies.mean =mean number of species per pond on the spoil bank; SD =standard
deviation; Species =amphibians species present on the spoil bank, Bobo - Bombina bombina, Bubu - Bufo bufo, Buvi — Bufotes viridis, Livu - Lissotriton vulgaris, Pefu — Pelobates
fuscus, Peri — Pelophylax ridibundus, Rada - Rana dalmatina, Rate — Rana temporaria, Trcr - Triturus cristatus.

Name of spoil bank Recl. Nponds Nponds.pres (%) Nspecies Nspecies.mean (£SD) Species

Technically reclaimed sections of spoil banks
Cepirohy T,AF 14 9(64.3) 6 1.1+1.2 Bobo, Livu, Pefu, Peri, Rada, Trcr
Merkur T,F A 17 15(88.2) 5 1.2+0.6 Bobo, Buvi, Livu, Peri, Trcr
Pokrok T,F A G 10 8(80.0) 5 14+£1.1 Bobo, Livu, Peri, Rada, Trcr
Radovesicka - TR T,AF 16 15(93.8) 5 21+13 Bubu, Livu, Peri, Rada, Trcr
RuZodolska - TR T,F, G 22 11(50.0) 4 0.7+0.9 Bobo, Livu, Peri, Rada
Stiimicka T,F A 11 8(72.7) 4 1.1+£1.1 Bobo, Livu, Peri, Trcr
Velebudicka T,F A 8 2(25.0) 4 0.6+1.2 Bobo, Livu, Peri, Trcr
Overall in TR 98 68(69.4) 8 1.2+1.1

Technically unreclaimed sections of spoil banks
Albrechticka F, S 11 10(90.9) 5 1.7£1.0 Bobo, Bubu, Livu, Peri, Rada
Hornojifetinska F, S 16 15(93.8) 7 26+1.5 Bobo, Bubu, Livu, Peri, Rada, Rate, Trcr
Kopistska F 15 13(86.7) 5 22412 Bobo, Livu, Peri, Rada, Trcr
Radovesicka - TU S 13 12(92.3) 5 1.6+£09 Bubu, Livu, Peri, Rada, Trcr
RGzodolska - TU F, S 6 5(83.3) 5 20+1.5 Bobo, Livu, Peri, Rada, Trcr
Teplicka F 17 14(82.4) 6 16+14 Bobo, Bubu, Livu, Peri, Rada, Trcr
Overall in TU 78 69(88.5) 7 2.0+13




280 J. Vojar et al. / Ecological Engineering 90 (2016) 278-284

Table 2

Description of methods used for amphibian detection. Bobo - Bombina bombina, Bubu - Bufo bufo, Buvi - Bufotes viridis, Livu — Lissotriton vulgaris, Peri - Pelophylax ridibundus,

Pefu - Pelobates fuscus, Rada - Rana dalmatina, Trcr — Triturus cristatus.

Detection method Method description

Detected species

Manual calling surveys

Listening for male voices at a distance of 20-30 m from a pond during

Bobo, Bubu, Buvi, Pefu, Peri

20 min prior to beginning other methods.

Dip-netting
of a pond during 15 min.
Counting of egg masses
pace.
Visual encounter monitoring

Capturing by dip-net using 7 mm mesh diameter in all available parts
Searching all littoral parts of a pond while walking at a constant, slow

Visual detection of individuals while walking at a constant, slow pace

Bobo, Livu, Peri, Trcr, all tadpoles
Bobo, Bubu, Buvi, Pefu, Peri, Rada

Bobo, Bubu, Buvi, Peri

around a pond and through all littoral parts of the pond.

employed, their description, and the list of species surveyed by
particular methods are shown in Table 2.

The abundances of R. dalmatina were assessed by counting that
species’ clutches (Dodd, 2010). Clutches were detected and counted
by walking at constant speed through littoral vegetation in pond
areas with maximum depth of nearly 1.3 m, as these parts are well-
suited for clutch laying by R. dalmatina (Rehak, 1992). Counting
was carried out after the main phase of clutch laying (mid-April).
We chose R. dalmatina as a convenient model species because the
species is quite easily detectable and quantifiable by counting its
clutches. Furthermore, each pair lays a well-separated and easily
distinguishable egg clutch because of the male breeding territorial-
ity (Lesbarréres and Lodé, 2002; Lesbarréres et al., 2003; Schneider,
1996), and females of R. dalmatina lay only a single clutch per breed-
ing season (Lodéetal.,2005; Rehak, 1992). Therefore, the number of
clutches frequently has been used in estimating population abun-
dance for the species (e.g., Hartel, 2005; Hartel et al., 2009; Solsky
et al, 2014).

2.3. Environmental variables description

To analyze the effect of environmental variables on amphibian
presence, the following environmental characteristics were spec-
ified using ArcGIS 9.2 (ESRI, 2007) and field survey (Table 3): (i)
pond features (local environmental characteristics) - pond area,
maximum depth, shore slope, insolation of water surface, coverage
by aquatic vegetation, water pH, and water conductivity; and (ii)
surrounding landscape features — type of prevalent surrounding
terrestrial environment and total number of ponds within 300 m
radius.

In the case of larger ponds recognizable from orthophoto maps,
their area was determined by tracing in ArcGIS (ESRI, 2007). Smaller
ponds were measured directly in the field by tape line. Maximum
depth was measured only in shallow ponds (up to 1.5m) using a
ruler. Deeper ponds were automatically included in the third, i.e.
the deepest, level of this variable. For shore slope, we considered
the prevalent slope of banks under the water surface. The intensity
of insolation was stated as the ratio of the water surface area not
shaded by trees and shrubs growing around the pond to the total
water surface area. We regarded as aquatic vegetation any aquatic,
emerged and submerged vegetation, as well as submerged grasses
and branches of trees along pond edges used by amphibians for
laying eggs and for shelter (Ficetola et al., 2006). The proportion
of vegetation cover was estimated as percent using the method
of Oldham et al. (2000). Water conductivity and pH were mea-
sured directly in the field during the first visit in April. The water
was sampled several centimeters below the water surface in a bot-
tle and immediately analyzed using a pH meter (Greisinger GMH
3530) and conductivity meter (Greisinger GMH 3430), both with
automatic temperature compensation. For detailed description of
methods used to assess particular values of all environmental vari-
ables employed, see DoleZalova et al. (2012). All environmental
variables are summarized in Table 3.

2.4. Statistical analysis

Generalized linear models (GLM) were employed to compare
amphibian species richness (number of species per pond) and R.
dalmatina abundance between ponds situated within reclaimed
spoil bank sections vs. those situated within unreclaimed sections.
A model with Poisson distribution of errors was used in species
richness analyses and a model with quasi-Poisson distribution of
errors was employed for analyses of R. dalmatina abundance (due to
the substantial overdispersion existing; Crawley, 2007). The status
of spoil bank reclamation (technically reclaimed vs. unreclaimed)
stood as the explanatory variable in both models. Pearson’s chi-
squared test was used to test for differences in proportions of
ponds unoccupied by any amphibian species between reclaimed
and successional spoil bank sections. All of the statistical analyses
described above were performed in R, version 3.0.1 (R Development
Core Team, 2013).

To analyze the effects of environmental characteristics on
amphibian presence in selected ponds, a direct canonical corre-
spondence analysis (CCA) was run in Canoco for Windows 4.5
(ter Braak and Smilauer, 2002). As response variables (“species”
data), the presence or absence of each investigated species per
each selected pond were used. When no species was observed at a
pond, a “none” variable was added to retain this information in the
analysis. The predictors (“environmental” data) used were all sam-
pled environmental characteristics of ponds (Table 3). First, single
models (species data ~one predictor) were run to express the sig-
nificance of these relationships. Next, due to possible correlation
effects of predictors, a manual forward selection procedure for all
significant (p <0.05) predictors from single tests was performed.
Finally, a CCA model with all significant predictors chosen by for-
ward selection was fitted. To test for the significance of particular
models, Monte Carlo permutation tests (999 runs) were applied.

3. Results
3.1. Amphibian distribution on spoil banks

Within the selected spoil bank sections, we found altogether
nine amphibian species. Species composition of the amphibians in
ponds differed between successional (S) and technically reclaimed
(TR) spoil bank sections (Fig. 1). While ponds in successional sec-
tions were occupied mainly by R. dalmatina (S - 60% of occupied
ponds, TR - 21%), Lissotriton vulgaris (S - 31%, TR — 20%) or Bombina
bombina (S - 21%, TR - 12%), ponds in technically reclaimed sec-
tions were often not occupied by any amphibian or were occupied
by such nonselective species as Bufo bufo (S - 5%, TR - 10%). The
amphibian occurring most frequently, Pelophylax ridibundus, was
found nearly equally in successional and reclaimed sections (S -
62%, TR - 49%), as was the quite rarer Triturus cristatus (S - 10%,
TR - 8%). All six of the mentioned species were detected in sections
characterized by both types of reclamation status. Rana temporaria,
however, was found only in one succession pond even as Bufotes
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Description of assessed environmental characteristics. Abbr. = abbreviation of the variable.

281

Variable [unit] Abbr. Levels Range of levels
Pond variables
Maximum depth [m] depth depth1 <0.5
depth2 0.5-1.5
depth3 >1.5
Slope of shores [°] slope slopel <30
slope2 30-55
slope3 >55
Insolation [%] insol insol1 <5
insol2 5-75
insol3 >75
Vegetation cover [%] veg vegl <5
veg2 5-75
veg3 >75
Pond area [m?], log pond area area
pH pH
Conductivity [mS/cm] conduct
Landscape surrounding variables
Surrounding environment SE IS initial successional stages
AL arable lands
GR grasslands
FS forest - steppe
FO forest
Technical reclamation TR reclaim reclaimed
unreclaim unreclaimed
Total number of ponds within 300 m N pondssoo

viridis and Pelobates fuscus were discovered only in reclaimed sec-
tions (in one and two ponds, respectively).

CCA ordination pointed to the differences in environmental
conditions preferred by particular amphibian species (Fig. 1).

o
~ slope3
slope2 A
A
Bubu
veg2
s veg1
: Ag
success Peri
A Rada °
° conduct
Rate . Livu A ‘None .
Trer reclaim Buvi
slope1
.
Bobo
veg3
A
Pefu
Q
.
1
-1.0 1.0

Fig. 1. Ordination diagram of amphibian habitat preference in post-mining sites.
Shown are results of canonical correspondence analysis based on 176 investigated
ponds from 13 spoil heaps situated in the northwestern Czech Republic. First and
second axes are displayed. Monte Carlo test (999 permutations): test for signifi-
cance of all canonical axes: trace=0.271, F=2.316, p=0.001. Species shown: Bobo
- Bombina bombina, Bubu - Bufo bufo, Buvi — Bufotes viridis, Livu - Lissotriton vul-
garis, Pefu — Pelobates fuscus, Peri — Pelophylax ridibundus, Rada - Rana dalmatina,
Rate — Rana temporaria, Trcr — Triturus cristatus, none — ponds without presence of
any amphibian. Predictors employed: conduct - conductivity, depth - maximum
depth, slope - slope of shores, veg - vegetation cover, success — technically unre-
claimed parts of spoil banks, reclaim - technically reclaimed parts of spoil banks.
For definitions of predictor levels, see Table 3.

Among all predictors tested in single tests, only four environ-
mental variables were significant: coverage by littoral vegetation
(veg), shore slope (slope), water conductivity (conduct), and type
of reclamation (i.e. technically reclaimed [TR] or unreclaimed [S]
sections) (Table 4). All of these predictors were selected in further
forward selection. The final CCA model fitted by these predic-
tors was statistically significant (all canonical axes: trace=0.271,
F=2.898,p=0.001),and explained 9.32% of variability in the species
data.

The model focused on differences in habitat selection by
amphibians revealed that most species occur mainly within suc-
cessional spoil bank sections. The highest affinity to unreclaimed
sections was found in the case of R. dalmatina. Within both
technically reclaimed and unreclaimed spoil bank sections, most
amphibians tended to inhabit partially vegetated ponds (5-75%
vegetation cover) having gently sloping shores (<30°) and lower
water conductivity. On the other hand, ponds with the absence of
any amphibian species were often situated in technically reclaimed
sections, which are typical of ponds with minimal (<5%) or high
(>75%) vegetation cover, steeply sloping shores (>55°), and high
water conductivity (Fig. 1).

3.2. Comparison of species richness and abundance between
successional and reclaimed spoil bank sections

In total, seven amphibian species were recorded within succes-
sional and eight within technically reclaimed sections (Table 1).
Despite the slightly higher overall species diversity observed in
reclaimed sections, the average number of species per pond, as
well as the proportion of ponds occupied by at least one amphib-
ian species and the mean numbers of R. dalmatina clutches per
pond were significantly higher in successional (S) than in techni-
cally reclaimed (TR) spoil bank sections (mean species numbers:
$=1.95, TR=1.20, df=1, p<10~4; proportion of occupied ponds:
S=88.5%, TR=69.4%, df=1, x=8.09, p=0.004; mean clutch abun-
dance: S=9.05, TR=1.65, df=1, F=8.99, p=0.003).
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Table 4

Canonical correspondence analysis results of single models testing the effects of environmental predictors on presence of amphibian species in ponds at spoil heaps.
Significances of first and all canonical axes were tested by Monte Carlo test with 999 permutations. Significant variables are marked in bold. %Var - percentage of explained

variability of species data by fitted model.

Predictor 1st axes All axes %Var
Eigenvalue F p trace F p
Pond variables
Maximum depth 0.031 1.847 0.258 0.050 1.526 0.124 1.72
Slope of shores 0.067 4.076 0.008 0.087 2.677 0.004 2.99
Insolation 0.032 1.926 0.249 0.046 1.384 0.181 1.58
Vegetation cover 0.069 4.202 0.005 0.076 2.331 0.008 2.61
Pond area 0.020 1.222 0.280 0.69
pH 0.029 1.736 0.118 1.00
Conductivity 0.068 4.133 0.001 2.33
Surrounding landscape variables
Type of surrounding environment 0.040 2.383 0.380 0.068 1.019 0.419 2.33
Technical reclamation 0.075 4.626 0.001 2.57
Total number of ponds within 300 m 0.015 0.905 0.457 0.51

4. Discussion

4.1. Amphibian distribution, diversity and abundances on
successional and reclaimed spoil banks

At 13 monitored spoil banks within the North Bohemian brown
coal basin, we found 9 amphibian species. These represent 75%
of the 12 amphibian species recorded at surrounding spoil banks
(within about 10 km; Smolova et al., 2010; Vojar and DoleZalova,
2003) and 43% of the Czech Republic’s 21 amphibian species
(Moravec, 1994). Each of the three species not present on these
spoil banks but present in the region (Salamandra salamandra,
Ichthyosaura alpestris and Rana arvalis) typically lives in mature
forests at middle and higher altitudes (400-1100m a.s.l.) of the
region (VoZenilek, 2000). Such environmental preferences account
for their absence on the evaluated spoil banks due to the young age
of those spoil banks. Furthermore, all spoil banks in the region are
situated in lowlands, up to a maximum of 300 m a.s.l.

The proportion of amphibian species which had been able to
colonize monitored spoil banks (75%) was comparable with the
findings of Galan (1997) on spoil banks within the region of Gali-
cia in northwest Spain (9 of 13 species [69%] present in the region).
The number of amphibian species found in our study area was quite
similar to the species richness recorded in the Sokolov region, the
second-largest mining area in the Czech Republic and which is sit-
uated ca 80 km west of our study site. There, 10 amphibians had
been recorded at post-mining sites (Prikryl, 1999; Zavadil, 2002).

We found that most of the recorded amphibian species occurred
predominantly within successional spoil bank sections. Regardless
of reclamation status, most amphibian species preferred partially
vegetated ponds having gently sloping shores and lower water con-
ductivity. High levels of conductivity on spoil banks are caused
by aluminum ions that wash out from clay subsoil (Frouz et al.,
2005), thereby increasing the toxicity of the water environment,
and especially for the younger developmental stages of amphibians
(Beebee, 1996; Freda, 1986). Most amphibian species, therefore,
prefer water areas with lower conductivity (e.g., Stumpel and van
der Voet, 1998).

The presence of partial vegetation cover appeared to be
an important parameter influencing amphibian presence. Such
species as R. dalmatina, Bombina bombina, Lissotriton vulgaris and
Triturus cristatus prefer to reproduce in water areas with plants
because they attach their egg clutches to the vegetation. This pro-
vides their larvae with cover from predators and thereby increases
their reproductive success rates (Ficetola et al., 2006; Hartel et al.,
2007; Stumpel and van der Voet, 1998). Deeper water areas
with steep slopes, which are frequent in reclaimed spoil banks

(Dolezalova et al., 2012), on the other hand, are characterized by an
absence or only narrow band of dense littoral zone along the water
area’s edge. Successful amphibian reproduction can also be limited
in water areas entirely overgrown with vegetation. In the case of R.
dalmatina, for example, the abundance of this species’ clutches has
been reported to increase with water vegetation coverage of up to
50% and then to decrease with increasing littoral vegetation cover
(Fog, 1997; Hartel, 2008; Hartel et al., 2009).

Species richness per pond, proportion of occupied ponds, and R.
dalmatina abundance per pond were significantly higher in succes-
sional than in technically reclaimed spoil bank sections. Variety of
ponds arising on unreclaimed spoil banks represents crucial habi-
tats not only for amphibians, a taxa that is dwindling from the
“common” landscapes, but it also maintains the viability of popu-
lations from many other aquatic and semiaquatic taxa (Marsh and
Trenham, 2001; Petranka et al., 2007; Semlitsch and Bodie, 1998).

4.2. Management of spoil banks

To maintain the ecological value of post-mining sites for
amphibians, we further propose practical measures for restoration
management of spoil banks. Because the key environmental deter-
minant of amphibian diversity and abundance on spoil banks is
a high number of various water habitats, these ponds should be
protected to the greatest possible extent in spoil bank sections
left to primary succession, and especially so also in technically
reclaimed sections. It is necessary, therefore, to form rugged ter-
rain already when creating spoil banks. About 15-20% of spoil
banks area should be left to primary succession without any ter-
rain levelling (Rehounek et al., 2010). It is also recommended not
to use forest reclamation in these sections, as this leads to more uni-
form and unnatural terrestrial habitats (Hendrychova et al., 2008,
2009). Trees also shade the water’s surface and cause leaf litter and
pond silting. Furthermore, applying topsoil additions before forest
reclamation contributes to eutrophication within the environment.

Post-mining sites should be monitored during the succession
process and appropriate habitat management applied for the pro-
tection of target species and habitats. The main aim of such
management is to maintain the fine mosaic of diverse habitats at
different successional stages and support habitat heterogeneity to
increase species diversity (Tews et al., 2004). In the case of water
bodies, we should create, protect and maintain ponds with gently
sloping shores that support vegetation cover there. To maintain
vegetation cover at a level suitable for most amphibian species
(5-75% of water surface) during pond succession, the appropri-
ate management may consist of traditional conservation measures
periodically to disturb these sites, such as partial elimination of
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littoral vegetation or pond silt control. In managing terrestrial habi-
tats, grass mowing, pasturing, and maintenance of open forests by

selective harvesting could be employed (Petficek, 1999). However,
even unusual types of conservation measures, such as controlled
recreational use (motocross, paintball, horseback riding), could also
be permitted in order to maintain habitat diversity at these post-
mining sites.

5. Conclusions

Our results confirmed spoil banks’ conservation potential as
valuable habitats for amphibians. This study logically follows on
from our previous study comparing features of water habitats
between technically unreclaimed and reclaimed sites (Dolezalova
et al.,, 2012). Taken together, these studies provide a robust
argument for utilizing the conservation potential of unreclaimed
post-mining sites for amphibians, which constitute one of the most
threatened vertebrate taxa in the world (IUCN, 2014).
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ABSTRACT: Clutch size is an important life
history trait in amphibians, and it varies among
and within species, populations and individuals.
Within a population, its variation has been attrib-
uted to a positive relationship between females’
age or size and their fecundity as well as to spatio-
temporal differences in environmental conditions.
Therefore, clutch size has been shown to be both
spatially and seasonally variable. We examined
spatial and seasonal clutch size variation based
upon two years of study involving 160 clutches of
the Agile Frog Rana dalmatina Bonaparte, 1840 in
14 ponds within one spoil bank in the Czech Re-
public’s North Bohemian brown coal basin. The
overall mean clutch size was 1295 (SD 596), which
is one of the largest that has been reported. How-
ever, both clutch size and its variance differed con-
siderably between the years. Clutch size also var-
ied among the ponds. We found no relationship
between clutch size and the distance of a breeding
pond from alluvial forest, a typical wintering habi-
tat. Despite existence at the site of many suitable
reproduction habitats, the spoil bank does not of-
fer the complex of all habitats needed for persis-
tence of the R. dalmatina population. To protect
that population, it is necessary to preserve not
only breeding ponds on the spoil bank but also al-
luvial forest and, most importantly, the connectiv-
ity between these two crucial habitats.

KEY WORDS: body size, colonization, fe-
cundity, spatial variation, habitat connectivity,
spoil bank

1. INTRODUCTION

Clutch size (i.e. number of eggs), or fe-
cundity, is an important life history trait in
amphibians which varies among taxonomic
groups, among populations, among individ-
ual females within the same population, and
even among clutches produced by individual
females (e.g., Kaplan and Salthe 1979, Ca-
deddu and Castellano 2012). Adaptive
explanations for both inter- and intraspecific
variations in clutch size (together with egg
size) have been examined in many ecological
studies on amphibians (summarized in Salthe
and Duellman 1973, Kaplan and Salthe
1979, Wells 2007).

Variation in clutch and egg size among
populations of a given species has been at-
tributed to differences in such environmental
conditions as temperature, altitude and lati-
tude (Morrison and Hero 2003). Within a
given population, many studies have reported
positive age- or size-fecundity relationships,
with older or larger females producing larg-
er clutches (Salthe and Duellman 1973,
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Elmberg 1991, Duellman and Trueb
1994, Wells 2007). Furthermore, in ectother-
mic species, including northern temperate
anurans and with the Agile Frog Rana dalma-
tina as the model species for the study, body
size of individuals was also shown to be re-
lated to the animals’ potential for movement.
Larger individuals are expected to overcome
longer distances than do smaller ones (Pe-
ters 1983). Rana dalmatina females gener-
ally migrate for breeding from wintering sites
that are usually situated in alluvial forests to
breeding ponds often located outside the for-
est in open landscape (with some exceptions,
see Kuzmin 1999), whereas males hibernate
mainly in breeding ponds (Baru$ and Oliva
1992). Therefore, larger clutches might be
found in ponds more distant from wintering
sites, as shown by the study of Ponsero and
Joly (1998).

The latter mentioned authors underscore
some implications for conservation of R. dal-
matina, a species which has been listed as en-
dangered in Appendix II of the Bern Conven-
tion. Itis necessary to preserve both forest and
natural habitats for breeding while including
connectivity between them. Moreover, these
rules are applicable, too, for ecological resto-
ration of human-affected areas. It has been
increasingly recognized that such post-min-
ing sites as quarries, sandpits or spoil banks
have considerable ecological value and could
be home to numerous threatened species
(e.g, Hendrychova et al. 2008, Tropek
et al. 2010, Harabis and Dolny 2012, Salek
2012, Kompata-Bgba and Baba 2013),
including amphibians (Galan 1997, Vojar
2006), that mainly have colonized areas left
to spontaneous succession (Smolova et al.
2010, Dolezalova et al. 2012).

The main aim of our study was to examine
spatial clutch size variation of R. dalmatina on
a post-mining area, the Hornojiretinska spoil
bank in the North Bohemian brown coal ba-
sin in the Czech Republic. We compared
clutch sizes among the 14 monitored ponds
and according to their habitat features. To our
knowledge, this is the first such study from a
post-mining site. Notwithstanding that post-
mining areas represent peculiar habitats, their
large expanse and eminent ecological value
create a basis for attracting interest in them
among scientists and conservationists. We

therefore suggest some implications for con-
servation of the species in post-mining areas.
Furthermore, because year-to-year variation
in clutch size within populations has been de-
tected also in amphibians (Cummins 1986,
Kaplan and King 1997), we extended our
study to examine possible seasonal effects
and, accordingly, conducted our study during
two years.

2. METHODS
2.1. Study area and species

Covering an area of about 7 km? the
Hornojitetinska ~ spoil  bank  (50°35'N,
13°35'E) is one of the largest spoil banks
in the North Bohemian brown coal basin.
Approximately one-half of the spoil bank
(351.28 ha) was technically reclaimed. For
that portion, primarily heterogeneous terrain
was planned, and instead of leaving hundreds
of ponds in terrain depressions, only eight
larger water bodies were left or newly created.
In the second, unreclaimed half of the spoil
bank, on the other hand, 242 water bodies
have been identified on an area of 352.71 ha
(Dolezalova et al. 2012). The vegetation
cover is diverse, usually consisting of herb
vegetation with scattered shrubs and trees but
also forests (Prach 1987, Prach et al. 1999).
The successional portion is situated mainly in
the western part of the spoil bank, close to an
alluvial forest (Fig. 1).

Eight species of amphibians, including a
large population of R. dalmatina, have been
recorded on the spoil bank (Smolova et al.
2010). The opportunity for colonization by
amphibians from the surroundings is limited,
due to the prevailing disturbed landscape
there (consisting particularly of mining and
industrial areas). The only way for amphib-
ians to colonize this spoil bank is from allu-
vial forest that is situated close to the north-
western edge of the bank (Fig. 1) (Vojar et al.
2008). Therefore, our study area constitutes a
unique environment for investigating spatial
variation in clutch size within a population of
R. dalmatina, including in relation to the dis-
tance from alluvial forest.

The studied species, R. dalmatina, is rep-
resentative of European ranid frogs and is
among the northern temperate anurans. The
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Fig. 1. Map of study area, with alluvial forest and ponds where clutch sizes were examined on
Hornojiretinska spoil bank in the Czech Republic’s North Bohemian brown coal basin.

species has rather frequently been the subject
of studies on clutch size variation, because
these frogs are typically iteroparous, continue
to grow beyond sexual maturity, and show
considerable variation in the numbers and
sizes of their eggs at both the individual and
population levels (McAlister 1962, Jor-
gensen 1981, Berven 1982). It is the case,
too, that R. dalmatina is a convenient spe-
cies for study because it spawns early in the
season, when low temperature inhibits eggs
development. This allows sufficient time for
counting clutches and to examine clutch sizes
before they hatch (Bernini et al. 2004). Fur-
thermore, females of R. dalmatina lay only
one clutch of eggs annually. This is clearly
separated from other such clutches and con-
tains the entire number of eggs produced in
the given breeding season (Zavadil 1986,
Baru$ and Oliva 1992, Lesbarréres and
Lodé 2002, Lesbarréres et al. 2003, Har-
tel et al. 2009).

2.2. Sampling design
Pond features, clutch numbers and clutch

sizes were examined during two successive
seasons in 2009 (48 clutches at 5 ponds) and

2010 (112 clutches at 12 ponds). Three of
the ponds were examined during both years.
Thus, clutch sizes were investigated at 14 dif-
ferent ponds. To select these ponds, we first
determined clutch numbers in all of the ponds
within the studied spoil bank (ca 250 ponds
in all). Clutches were detected and counted
by walking at constant speed in littoral veg-
etation and in parts of a pond with maxi-
mum depth of 1.3 m, as these are well-suited
to clutch laying by R. dalmatina (Barus and
Oliva 1992). Counting was carried out after
the main phase of clutch laying (during the
second half of April). Clutches were found in
118 of 244 ponds (48%) observed in 2009 and
in 131 of 247 ponds (53%) observed in 2010.
From ponds with clutches present, we
then selected 5 (in 2009) or 12 (in 2010)
ponds at varying distances from the alluvial
forest situated close to the north-western
edge of the bank. The distances of select-
ed ponds from the forest varied from 29 to
1315 m, and constituted four distinct groups
of ponds: (i) the proximate ponds, up to
100 m from alluvial forest (three ponds 29
to 82 m distant); (ii) the ponds up to ca 500
m (five ponds from 300 to 512 m), (iii) the
ponds up to ca 1000 m (three ponds from 807
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Table 1. Number of clutches, clutch sizes and environmental characteristics of monitored ponds. ‘Dist.
— shortest distance (in m) to the colonization source; ‘pH’ — pH of water in pond; ‘C’ — conductivity (in
mS) of water in pond; ‘Area’ — area of the pond; ‘D’ — maximum depth, expressed in categories 1 (<0.5
m), 2 (0.5-1.5m), 3 (>1.5 m); ‘V’ — vegetation cover on water surface, in categories 1 (<5%), 2 (5-75%),
3 (>75%); ‘Sl — shore slope, in categories 1 (<30°), 2 (30-55°), 3 (>75°); ‘Sun’ — proportion of insolated
water surface, in categories 1 (<5%), 2 (5-75%), 3 (>75%); ‘Sur! — type of surrounding environment, in
categories 1 (herb vegetation with scattered shrubs and trees ), 2 (forest) (see Dolezalova et al., 2012 for
detailed description of habitat features); ‘TnC’ — total number of clutches in pond; ‘EnC’ — examined
number of clutches in pond; ‘CS(SD)’ — mean clutch size and standard deviation for examined clutches

in pond.

Area

Pond (year) Dist. pH C [m?] D A% S1 Sun  Sur. TnC EnC CS(SD)

1 (2009) 29 7.78 1.29 702 2 2 1 3 1 476 10 731(223)
1(2010) 29 7.92 1.28 702 2 2 1 3 1 321 9 1435(461)
2 (2010) 71 8.01 0.98 322 2 2 1 2 1 54 10 1206(219)
3(2009) 82 793 149 1057 2 2 1 3 1 84 10 899 (256)
3(2010) 82 8.02 1.08 1057 2 2 1 3 1 47 10 1675(731)
4 (2009) 300 7.57 131 1000 2 3 1 3 1 80 20 574(196)
5(2010) 325 7.92 1.24 1000 3 2 2 3 2 33 10 1478(484)
6 (2010) 441 7.80 1.45 2242 3 2 1 3 2 13 10 1497(420)
7 (2009) 490 7.78 1.34 1201 2 2 1 3 1 84 4 861(81)

8(2010) 512 7.85 138 250 3 2 1 3 1 98 7 1832(299)
9 (2010) 807 7.96 1.55 2000 3 2 1 3 1 10 10 1422(411)
10 (2010) 875 7.81 220 2500 3 3 1 2 1 32 10 1454(458)
11 (2010) 891 7.94 1.36 500 2 3 1 2 2 49 10 1371(374)
12 (2010) 1124 7.82 1.39 250 2 3 1 2 2 7 7 1793(634)
13 (2010) 1310 7.83 1.63 200 2 2 1 3 2 19 10 1096(269)
14 (2009) 1315 7.75 1.91 4500 3 2 2 3 2 26 4 874(210)
14 (2010) 1315  7.76 1.74 4500 3 2 2 3 2 84 9 1592(505)

to 891 m), and (iv) the ponds distant more
than 1 km (three ponds from 1124 to 1315
m). Distances were taken as the shortest dis-
tance of the nearest edge of each pond to the
alluvial forest, as determined by tracing in
ArcGIS (ESRI 2007). Each pond was located
by GPS navigation and its terrain features de-
scribed (i.e. the pond’s area, depth, slope of
shores, vegetation cover (in %), and water
surface insolation). Also, pH and conductiv-
ity of water in each pond were measured us-
ing Greisinger instruments (GMH3530 and
GMH3430). The manner of describing the
examined features is thoroughly explained in
the study of Dolezalova et al. (2012). The
specific distances and environmental features
for all ponds are presented in Table 1.

To examine clutch size we selected ran-
domly about ten clutches within each pond.
We excluded clutches that were apparently
broken up by the wind, by animals, or if they
were damaged in any manner whatsoever.
Due to the low numbers of clutches in 2009,
we were able to assess clutch sizes in only five
ponds, and the selected numbers of clutches
varied greatly there (from 4 to 18). In the sec-
ond year, however, it was no problem at all
to find 12 ponds with at least 7 undamaged
clutches in each pond.

To determine clutch size, we used a
simple device that allows counting the eggs
in the field without harmful effect upon the
clutches. The device was positioned around a
clutch and consists of a floating polystyrene
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ring placed inside fine elastic netting. For a
detailed description of the device, see Vojar
et al. (2012). After the larvae hatch, the entire
contents of each ring (i.e. larvae, undeveloped
eggs and egg jelly) were transferred to a basin
with a small amount of water and examined
there. We counted all live larvae, and also all
dead embryos and undeveloped eggs (i.e. we
determined overall clutch size). Immediately
after their being counted, the larvae together
with the original egg jelly were carefully re-
turned to the same place in the water. The
device and counting method did not differ
in any way between the years, and field work
was performed by the same people during
both years.

2.3. Statistical analysis

We used generalized linear models (GLM)
to analyse clutch size in relation to seasonal
and spatial explanatory variables. Because
clutch size (the response variable) was char-
acterized by overdispersion (as the variance
exceeded the mean), we used a quasi-Poisson
distribution of the variable (Crawley 2007).
As explanatory variables, we examined sea-
sonal effect (year as the nominal variable),
distance between the pond and alluvial for-
est, and selected habitat conditions (includ-
ing pH, conductivity, pond area, depth, slope
of shores, amount of vegetation cover, water
surface insolation, and type of vegetation in
the vicinity). Because other environmental
characteristics of a pond could also affect
breeding of amphibians, and as each pond
constitutes a unique combination of environ-

mental features, we used the identity of the
pond as a co-variable, and thus we controlled
the significance of each variable against this
factor.

Because clutch size was examined only in
three ponds in common during the two years,
we created another data set consisting of data
solely from these three ponds, and then we re-
peated all the aforementioned analyses within
that subset. Furthermore, to compare vari-
ance in clutch size between the two years and
among ponds, as these variables had been the
only significant ones within the GLM analy-
ses in the larger data set, we performed two
separate non-parametric Fligner-Killeen tests
(due to the absence of normality in our data)
in the restricted data set. By means of this
test, we could assess not only whether clutch
size (analysed by GLM) differed among the
ponds and between the years but also wheth-
er its variance differed.

The significance of each explanatory vari-
able in GLM was tested using deletion tests.
Each final model was checked in the end us-
ing standard statistical diagnostics (Crawley
2007). All analyses were computed using R
statistical software, version 2.15.0 (R Devel-
opment Core Team 2009).

3. RESULTS
3.1. Descriptive characteristics for clutch size
In total, we examined 160 clutches of
R. dalmatina. The overall mean clutch size

was 1295 (SD = 596), and the median was
1224. The smallest clutch size was 205, the

Table 2. Results of generalized linear models (GLM) with effect of seasonal and spatial variables on
clutch sizes of Rana dalmatina. Variables are explained in Table 1. Variable Pond:year is the interaction
between these two variables. Results are presented separately for all 14 examined ponds and for those
ponds examined during both years. Symbol ‘-’ indicates that GLM gave ‘null results’ in the given analy-
sis, because all potential variability of the variable was explained by the identity of the pond, which is a

co-variable in the first position within the model.

All ponds Ponds examined during both years

Variable (n=14) (n=3)

Df F P df F P
Year 1 59.58 <10-° 49.59 <10°¢
Pond 13 3.03 <1073 2 1.17 0.32
Area 1 0.33 0.57 - - -
pH 1 0.31 0.58 1 0.25 0.62
Distance 1 0.05 0.82 - - -
Conductivity 1 0.02 0.90 0.01 0.91
Pond:year 2 0.16 0.85 2 0.13 0.88
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largest 3300. Out of 160 clutches, 56 (35%)
had fewer than 1000 eggs, 89 (56%) had be-
tween 1000 and 2000 eggs, 13 (8%) clutches
had more than 2000 eggs, and in only 2 cases
did the clutch size exceed 3000 eggs. Clutch
sizes varied greatly between years (see be-
low). In 2009, the mean was only about half
(mean = 744, SD = 254, n = 48) that
of the following year (1531, 507, n = 112).
We obtained similar results if we compared
just the three ponds observed during both
years (2009: mean = 849, SD = 247, n = 24;
2010: 1707, 596, n = 28). The mean clutch
sizes and their SDs for each pond are listed
in Table 1.

3.2. Spatial and seasonal
variability in clutch size

The clutch sizes showed both seasonal
and spatial variability (see Table 2). In case of
the larger data set, consisting of all 14 ponds,
clutch size varied significantly between the
years and also among the ponds. The interac-
tion between these two variables was not sig-
nificant, however, which is to say that clutch
sizes differed similarly among ponds during
both years. We also found no relationship be-
tween clutch size and distance from the allu-
vial forest.

In the data set limited to the three ponds
examined in both years, we found significant
differences in clutch sizes only between the

years but not among the ponds. That prob-
ably was due to the lower power of the test
(Crawley 2007). While we conclude that
there does exist spatial clutch size variability
in the R. dalmatina population, in the small-
er subset of three ponds we had insufficient
sample sizes to detect differences in clutch
sizes among the ponds. The variance of clutch
size in the restricted data set, meanwhile, did
not differ among the three ponds (x*> = 1.01,
df = 2, P = 0.60) but it did differ between the
years (x> = 7.23,df = 1, P = 0.007).

We furthermore analysed the influence
of environmental characteristics on clutch
size. In both data sets, there was no effect on
clutch size of those habitat features evaluated
(Table 2). Moreover, the variable pond iden-
tity, being placed in the first position of each
model as a co-variable and which consists of
a unique combination of pond features (both
measured and unmeasured), did not allow for
analysing the effects of some examined pond
characteristics (Table 2). Probably, this was
due to sharing of the variance.

4. DISCUSSION
4.1. Descriptive characteristics for clutch size
The overall mean clutch size in our study
was higher in comparison with the results

from other studies of R. dalmatina (Table 3).
Examining the available data shows there to

Table 3. Summary of studies which examined clutch size in Rana dalmatina. ‘Mean(SD)’ — mean of

clutch size and standard deviation; ‘Range’ — range of clutch size; ‘n

> — number of examined clutches.

clutch

Ponsero and Joly (1998), examined clutches at three habitat types separately: 21 clutches in alluvium
(A), 15 in peat (P), and 28 in peat + open field (PO). Empty cells indicate missing data. Studies are pre-
sented in ascending order according to mean clutch size.

Mean(SD) Range Country M tch Reference
211 0-2500 Romania Hartel et al. (2009)

823(59) 21 (A)

842(58) 526-2086 France 15(P) Ponsero andJoly (1998)
1066(97) 28 (PO)

950(246) Germany 29  Weddeling et al. (2005)

996 548-1755 Romania 22 Hartel (2003)

1068(38) 706-1529 Hungary 33  Hettyey et al. (2005)
1002(254) 564-1588 France 33 Lesbarreres et al. (2008)
1295(596) 205-3300 Czech Republic 160  This study

1002(254) 600-1400 Ukraine Kuzmin (1999)

1295(596) 445-1761 Greece Sofianidou and Kyriakopoulou-Sklavou-

nou (1983)
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be no obvious geographical pattern in clutch
sizes across the examined populations. We
only are able to conclude that mean clutch
size of R. dalmatina is about 1000 eggs per
clutch (exact weighted mean was 1142). We
also found that our clutch sizes exhibit one
of the widest reported ranges (from 205 to
3300 eggs, Table 3), which probably is due
to the relatively higher number of examined
clutches (n = 160) versus other studies (typi-
cally from 20 to 30 clutches). Therefore, our
extensive study augments current knowledge
by adding data from the northern boundary
of the species’ presence in Central Europe.

4.2. Spatial and seasonal
variability in clutch size

In examining the distance from alluvial
forest, which is the wintering site for at least
part of the population, our results did not
confirm the findings of Ponsero and Joly
(1998), who had found larger clutches (pro-
duced by larger females) in ponds more dis-
tant from fluvial forest. According to their ex-
planation, larger females are able to migrate
over longer distances, and distant ponds are,
therefore, available only to them. Such behav-
iour should reduce competition among tad-
poles in a pond, which is important because
high abundance of larvae increases tadpoles’
stress and mortality, and the metamorphosed
individuals from more stressed tadpoles are
smaller and have lower reproductive success
as adults (Hartel et al. 2007).

However, the proposition of Ponsero
and Joly (1998) may not be so straightfor-
ward. For example, larger females often ar-
rive to reproduction habitats earlier than do
smaller ones (Waringer-Loschenkohl
1991). Their tadpoles are older and larger and,
therefore, more successful in the competition
among larvae than are tadpoles that develop
later (Riis 1991, Heusser et al. 2002). Fur-
thermore, larger R. dalmatina females have
higher fecundity (Sofianidou and Kyria-
kopoulou-Sklavounou 1983, Hetteyey
et al. 2005) and they are usually preferred by
males (Krupa 1995, but see also Hetteyey
et al. 2005). Regarding female choice, larger
(i.e. older and more experienced) females
are generally better at choosing larger males
(Howard 1978), or they have a better chance

to choose an equal sexual partner by his voice
(Lesbarreres et al. 2008). Thus, large fe-
males should be less stressed to find a breed-
ing pond with lower density and invest ener-
gy into a longer migration while the smaller
females could be forced into the less favour-
able or more distant sites.

Finally, the absence of a relationship be-
tween clutch size and the distance from al-
luvial forest could also be affected in part by
the fact that probably not all females come
into the spoil bank from alluvial forest and a
portion of them probably hibernate directly
in the spoil bank. We did not examine the
proportion of such females exactly, because it
is nearly impossible to control so closely ca
250 ponds over an area of about 7 km?. By us-
ing barriers and pitfall traps situated between
the forest and the spoil bank, however, we
found that dozens of males and females do
move to the spoil bank during spring migra-
tion (unpublished data). Furthermore, by far
the highest densities of clutches were each
year determined in pond no. 1, which was
situated closest to the alluvial forest (Fig. 1,
Table 1), and most of the clutches (82% in
2009 and 79% in 2010) were found within
100 m of the alluvial forest. These findings
are nearly the same as in the study of Pon-
sero and Joly (1998, 75% of clutches within
100 m of forest border) from a natural marsh
in France. Because those authors did not con-
sider the hibernation of females outside the
forest in the open environment, we conclude
that a considerable proportion of females mi-
grate each year from the alluvial forest in or-
der to breed in the spoil bank.

We found differences in clutch size among
the ponds only in the larger data set contain-
ing all 14 ponds but not within the 3 ponds
examined during both years. We attribute this
fact to the low power of the test in the smaller
data set. The effect of pond identity could be
caused by specific habitat features and their
combinations for each pond. Environmental
variables have been cited to explain year-to-
year variation in clutch size and egg size, and
these may have been indicative of growing
conditions during the given periods (Berven
1988, Cadeddu and Castellano 2012). In
any case, none of our observed environmen-
tal variables showed significant effect on R.
dalmatina clutch size in either the larger or
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reduced data set. To address the possible ef-
fect of distance from the alluvial forest, we
had to choose ponds with a sufficient num-
ber of clutches to allow random selection of
clutches at each pond. We thus selected ponds
preferred by R. dalmatina for breeding, and
these inevitably had similar habitat features.
The similarity of the ponds, therefore, did not
allow for analysing the effect of most environ-
mental variables (Table 2). The reproduction
habitat preferences may also change during
the seasons (Vojar et al. 2008), and this may
support the effect of year in contrast to those
of explanatory habitat characteristics.

The effect of pond identity could be pro-
duced by other, unexamined causes. It is pos-
sible, for example, that some individuals of
certain size or age hibernate in a pond (Baru$
and Oliva 1992, Kuzmin 1999). Clutch size
is then determined by the size of wintering
animals. Alternatively, the presence of larger
females in the same pond could be affected
by the interpopulation structure and dynamic
(e.g, Trenham and Schaffer 2005).

Since body size is closely and positively
correlated with age in female frogs, it is prob-
able that clutch size varies among years (Ber-
ven 1988). Nevertheless, some studies on
frogs have led to different conclusions. In a
study by Cummins (1986), the number of
eggs of Rana temporaria was observed to be
constant from year to year within popula-
tions, notwithstanding that body size distri-
butions of breeding females varied between
years at a given site. Moreover, Cadeddu
and Castellano (2012) observed no signifi-
cant differences in clutch size among breed-
ing seasons in Hyla intermedia.

In our study, mean clutch size varied sig-
nificantly between the years, as clutch sizes in
2010 were circa twice larger than in the pre-
vious year, and the seasonal effect was much
more significant than the spatial. The cause of
such variation could be attributed to year-to-
year variation in weather conditions, changes
in habitat conditions, and/or changes in pop-
ulation structure as affected by the environ-
mental conditions and internal demographic
causes from previous seasons (e.g. Ryser
1989, Reading and Clarke 1995, Harper
and Semlitsch 2007).

4.3. Implications for conservation

Despite the fact that R. dalmatina is cat-
egorized as Severely Endangered (SE) ac-
cording to Czech law and is listed as Near
Threatened (NT) on the Czech Red List of
Amphibians (Zavadil and Moravec 2003),
the species has in recent years been a relative-
ly common amphibian in the Czech Republic.
This reflects its ability successfully to colonize
new sites, including those that are affected by
the mining. If they are not destroyed for such
possibilities by technical reclamation, these
areas could become suitable new habitats not
only for R. dalmatina but also for other spe-
cies.

As we had assumed, a substantial por-
tion of R. dalmatina females probably do hi-
bernate in the alluvial forest situated on the
western border of the spoil bank. Such forests
constitute one of the important habitats for R.
dalmatina, as has been proven in many other
studies (e.g., Wederkinch 1988, Ponsero
and Joly 1998, Hartel 2005, Strugariu
et al. 2007). On the other hand, reproduction
— as well as hibernation for a part of the pop-
ulation (Baru$ and Oliva 1992, Kuzmin,
1999) - often occurs in ponds outside of the
forests in open environments due to the more
favourable conditions there for tadpole devel-
opment (Ponsero and Joly 1998). Despite
the relative late succession stage of the spoil
bank and the existence of many suitable re-
production habitats there, the bank does not
itself offer a complex of all habitats needed to
support persistence of the R. dalmatina pop-
ulation. To protect this population, it is nec-
essary to preserve not only breeding ponds
on the spoil bank but also alluvial forest and,
very importantly, the connectivity between
these two crucial habitats.
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Abstract: Surface mining is responsible for the large-scale destruction of affected landscapes. Simul-
taneously, the dumping of overburden soil on spoil banks during mining generates new landscapes,
usually with heterogeneous topography. If spoil banks are not subsequently reclaimed technically
(i.e., if the terrain is not leveled), considerable habitat diversity can thereby be established, consist-
ing of numerous types of both terrestrial and water habitats. We compared the area and number
of freshwater habitats between spoil banks (both technically unreclaimed and reclaimed) and the
surrounding landscapes undisturbed by mining. The area of water habitats and especially their
numbers per km? were by far the greatest on unreclaimed spoil banks. Meanwhile, the quantity of
water bodies on reclaimed spoil banks was about half that on non-mining landscapes. Great variety
among the numerous water habitats, as indicated by their areas, depths, and proportions of aquatic
vegetation on unreclaimed spoil banks, can contribute to regional landscape heterogeneity and water
environment stability while providing conditions suitable for diverse taxa. The exceptional number
of these water bodies can compensate for their loss in the surrounding landscape. We conclude
that leaving some parts of spoil banks to spontaneous succession plays an irreplaceable role in the
restoration of post-mining landscapes.

Keywords: coal mining; ecological restoration; habitat heterogeneity; landscape restoration; pond
characteristics; post-mining areas; water bodies

1. Introduction

The constantly intensifying impacts of anthropogenic activities that lead to habitat
fragmentation and the overall degradation of natural aquatic environments have resulted
in very limited availability of habitats suitable for many freshwater species [1-6]. One of the
most destructive human activities is large-scale open-surface coal mining [7-9]. On the other
hand, dumping of overburden soil on spoil banks during this process generates new and
unique landscapes. If the spoil banks are not subsequently leveled by technical reclamation,
considerable habitat diversity can be established [10-13]. For instance, xerothermic habitats
at the higher sections of spoil banks alternate with aquatic habitats established in terrain
depressions on impermeable substrates [14-16]. It is not surprising, therefore, that the
density of water bodies present on unreclaimed spoil banks is much greater than those on
sites that were technically reclaimed. Furthermore, despite the presence of several large
retention reservoirs intentionally constructed on technically reclaimed spoil banks, the
overall area of water habitats on unreclaimed spoil banks is also greater than on reclaimed
sites [17].

In addition to supporting biodiversity (see, for example, [18-24]), unreclaimed spoil
banks can provide other ecosystem services, including increasing water retention in the
landscape [25] and serving as stepping stones for migrating species [26—29]. A number
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of costly measures are currently being undertaken, such as stream revitalizations and
establishment of new retention basins and dams, to retain water in such landscapes, prevent
the loss of freshwater habitats, and reduce the effects of drought [30]. On unreclaimed spoil
banks, however, water bodies arise spontaneously in large numbers and in many different
shapes and sizes without any additional costs. Unfortunately, the potential of unreclaimed
spoil banks as valuable habitats and water reservoirs is often reduced substantially by the
consistent application of technical reclamation [17].

Numerous studies have highlighted the importance of unreclaimed post-mining sites
as habitats for endangered species, whose diversity is frequently greater at such sites than
in the surrounding, often intensively managed landscape [31-36]. Because species diversity
is affected by habitat heterogeneity [37-39], it is surprising how few studies exist that focus
directly on the density and qualitative parameters of freshwater habitats occurring on
post-mining sites and the sites unaffected by mining. Such studies as these tend to focus
on the individual characteristics of the ponds [40-45] or on the occurrence of different
taxonomic groups within water bodies [46-51], but the comparative quantity of water
bodies within the wider context of the surrounding landscape has not yet been examined.
Such a comparison is essential for understanding the complex importance of these post-
mining sites and may help to increase the application of spontaneous succession in the
reclamation process for areas affected by mining activities.

Therefore, the aim of this study was to compare the quantity and characteristics of
water habitats between post-mining sites (both technically reclaimed and unreclaimed spoil
banks after brown coal mining) and the surrounding landscapes. Furthermore, we wanted
to determine whether the water habitats on mining sites were similar to those present in
surrounding areas or if they were unique in terms of their parameters. For the purpose of
generalizing the results and the possibility for their use in restoration practices, the study
area covers all large spoil banks in the North Bohemian brown coal basin and all types of
surrounding landscapes. Included in our study were 649 water bodies.

2. Materials and Methods
2.1. Study Area

The study was carried out within the North Bohemian brown coal basin in the Czech
Republic. The study sites represent the six major landscape types present in the study
region: (1) technically reclaimed spoil banks, (2) technically unreclaimed spoil banks,
(3) mountain range of the Ore Mountains, (4) meadows and pastures of the Central Bo-
hemian Highlands, (5) forests of the Central Bohemian Highlands, and (6) agricultural
landscape of the North Bohemian lowlands (Figure 1). The studied landscape types repre-
sent typical seminatural lands of the Czech Republic and differ in vegetation cover, land
use, and altitude. The selected landscape types are described in Table 1.

Table 1. Description of selected landscape types in the study area. Abbreviations of landscape types
are explained within their descriptions.

Landscape Description Altitude Precipitation

Type P [m as.l.] [mm/year]

AG Agricultural landscape—an open, ﬂat, 1nte.nswely farmed landscape consisting 160-350 400-525
mainly of fields.
FR Forest landscape—a landscape covered mainly by coniferous or mixed forests, 340-700 505625
usually on steep terrain.
Mountain landscape—area on the ridge of the Ore Mountains. It is partly formed by g g

MN forests and partly by grasslands. Most of the area is located on steep slopes. 600-910 825950

MP Meadows and pastures—mostly an open landscape with isolated hills of volcanic 190-330 400-525

origin with pastures and grasslands on steep slopes.
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Table 1. Cont.
Landscape . Altitude Precipitation
Description
Type [m a.s.l] [mm/year]

Technically reclaimed spoil banks—an area heavily affected by brown coal surface

TR mining. The terrain of spoil banks was leveled during technical reclamation. As the 240-410 400-600
next step, forestry, agricultural, or hydrological reclamation has been carried out.

Technically unreclaimed spoil banks—an area heavily affected by brown coal
TU surface mining but without terrain leveling after the spoil bank heaping. Due to 230-310 400-650

heterogeneous terrain, a mosaic of various habitats has been established there.

[ ]
0 5 10 20

Figure 1. Study area—delimitation of the assessed landscape types.

2.2. Squares’ Selection and Description

Litomn&fice & agricultural landscape
[ forests landscape

. mountain landscape
D meadows and pastures
I reclaimed spoil banks
B unreclaimed spoil banks

O selected squares

Using ArcGIS 10.4 software (Esri company, Czech Republic), the area of each landscape
type was divided into 1 km? squares [52]. Squares consisting of major urban areas and
squares with indeterminate landscape types (e.g., in the case of two landscape types
overlapping) were excluded. Next, 10 squares per landscape were randomly selected using
a random number generator in ArcGIS 10.4 [52]. Because some spoil banks, and especially
those parts that were not reclaimed, are more or less restricted to an area of only a few km?,
some squares were left incomplete (i.e., <1 km?). The total area of selected squares was thus
reduced to 7.31 km? for unreclaimed and 9.74 km? for technically reclaimed spoil banks.
Based upon meteorological maps and hydrological data, we interpolated average yearly

precipitation for each square in ArcGIS 10.4 [52].
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2.3. Water Habitat Detection and Description

We personally visited the selected squares during April and May in 2013 and deter-
mined the positions of all water habitats using Garmin eTrex 30 GPS (Product of Garmin,
Czech Republic). Water habitat monitoring was conducted by a pair of experienced field-
workers who were taking part in a similar project focused on the comparison of water
habitats between reclaimed and unreclaimed spoil banks [17]. The parameters of each
water body that were possibly relevant to freshwater taxa [53,54] were recorded: area,
maximum depth, slope of the embankments, insolation of the water surface, and coverage
of littoral vegetation. The area of larger water habitats was determined by vectorizing
orthophoto maps using ArcGIS 10.4 [52]. Smaller water bodies (up to ca. 1000 m?) were
measured directly in situ with a tape measure. Insolation of the water body was determined
as the proportion of the water surface unshaded by the canopy of surrounding trees. The
shade was measured only between 10 am and 3 pm to avoid mistakes caused by the sun’s
different positions during the day [17]. Emerged and submerged vegetation (reeds, floating
water plants, and flooded grasses) and other structures (e.g., flooded branches of trees)
that can be used as oviposition substrates or as shelter for freshwater animals were treated
as aquatic vegetation. The proportion of aquatic vegetation within each water body was
estimated according to the method of Oldham et al. [55].

2.4. Statistical Analyses

Summary statistics of the visited water bodies were calculated for each type of land-
scape: total area of all water bodies, proportion of area covered by water bodies, mean
area of water bodies, total number of water bodies, and number of water bodies per km?
(Table 2). In total, 60 squares in 6 different landscape types were analyzed: 40 squares in
the landscape undisturbed by mining (non-mining areas) and 20 squares in the spoil banks.
The total area covered by intensive fieldwork was 57.05 km? (40 km? in non-mining areas
and 17.05 km? in spoil banks).

Table 2. Quantities (i.e., numbers and proportions) of water habitats (WH) area in assessed land-
scape types (LT). AG = agricultural landscape; FR = forest landscape; MN = mountain landscape;
MP = meadows and pastures; TR = technically reclaimed spoil banks; TU = technically unreclaimed
spoil banks. Ngqr = number of assessed squares per LT; TAsqr = total area of selected squares
in km?; TAwy = total area of WH per LT in km?; Py = proportion of WH area per LT in percent;
MAwy = mean area of WH per LT in m?2; TNwy = total number of WH per LT; Nwy = number of
WH per LT per km?; MEANNML = mean values for non-mining landscapes (counting from the TAgqy,
TAwp, and TNwp of all non-mining landscapes); MEANgg = mean values for spoil banks (counting
from the TAsqr, TAwn, and TNwy of all spoil banks).

Landscape TAsqr TAwn Pwh MAwn

Type Nar [km?] [km?] [%] [m2] TNwa  Nwn
Non-mining landscapes
AG 10 10.00 0.4 4.03 11,190 36 3.60
FR 10 10.00 0.01 0.05 75 61 6.10
MN 10 10.00 0.04 0.39 343 115 11.50
MP 10 10.00 0.14 1.35 7124 19 1.90
MEANNML 10 10.00 0.15 1.46 4683 57.75 5.78
Spoil banks

TR 10 9.74 0.07 0.69 2031 33 3.39
TU 10 7.31 0.28 3.80 707 393 53.76

MEANGgp 10 8.53 0.17 2.25 1369 213 28.58
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To compare the quantity of water bodies among the six landscape types, we used
generalized linear models (GLMs) with the number and total area of the water bodies
in each square as responses and precipitation and landscape type as predictors. As not
all squares were of the same size (see Section 2.2), square sizes measured in km? were
used as weights in the model. Due to overdispersion, the negative binomial distribution
was chosen over the Poisson distribution in both cases. The total area of water bodies
was strongly correlated with the number of water bodies found (rs = 0.73). Nevertheless,
both are reported, as each carries a different type of information (i.e., amount of water vs.
number of potential water habitats).

We used a linear mixed-effects model to compare the sizes of individual water bodies
(response, log-transformed to meet the model assumptions) between the different landscape
types (fixed effect). Local precipitation was used as a fixed covariate, and square identity
was used as a random intercept. Furthermore, we used chi-square tests to compare the
number of water bodies belonging to each level of assessed pond characteristics between
the landscape types.

The interaction between landscape type and precipitation was not included in any
model, as the small differences in precipitation were not expected to have varying effects on
individual landscape types (as was confirmed by the preliminary data). Thus, all models
were evaluated using Type II tests. To test the differences in the number and area of water
bodies per km? between the landscape types affected by mining and those that were free
of mining activities, we evaluated the existing GLMs using user-defined contrasts. The
p-values for the chi-square tests for all characteristics of the water bodies were corrected
for multiple testing using the Holm—-Bonferroni method. The analyses were conducted
in R software version 4.1.2 [56] using the packages “MASS” [57], “car” [58], “Ime4” [59],
“lmerTest” [60], and “multcomp” [61]. The interval estimates of the coefficients from the
fitted models as well as the model predictions were calculated as Bayesian 95% credi-
ble intervals (95% Crl) using the 2.5 and 97.5 percentiles of the posterior distribution of
5000 simulated values of each model parameter. The Bayesian simulations were calcu-
lated using noninformative prior distribution [62,63] through the “sim” function from the
“arm” package.

3. Results
3.1. Comparison of Water Habitat Quantity among Landscape Types

The total area occupied by water habitats in all of the assessed squares was 0.93 km?,
representing 1.63% of the studied area. The area of the water bodies per km? did not differ
between mining and non-mining landscapes (z = —1.42, p = 0.157), but the number of water
bodies per km? was significantly higher in the mining landscapes (z = —2.45, p = 0.014).

Furthermore, both the number of water bodies (x?5 = 49.37, p < 0.001) and their areas
(x%s = 16.87, p = 0.005) differed significantly among the landscapes, with precipitation affect-
ing only the area of water bodies (x?; = 175.216, p < 0.001) (Figure 2). The highest number
of water bodies per km? was found at unreclaimed spoil banks (95% Crl: 20.78-88.10), fol-
lowed by mountains (95% Crl: 2.30-59.54), while forests (95% Crl: 3.16-11.88), agricultural
landscapes (95% Crl: 1.52-8.49), reclaimed spoil banks (95% Crl: 1.33-7.91), and meadows
and pastures (95% Crl: 0.77—4.65) had much fewer (Table 2). The total area of water bod-
ies per km? was highest in the agricultural landscapes (95% CrlI: 8591.89-257,335.71 m?),
followed by unreclaimed spoil banks (95% Crl: 7306.68-106,251.11 m?) and meadows and
pastures (95% Crl: 3282.49-89,422.99 m?). By a large margin, the forests had the smallest
area of water bodies (95% CrlI: 120.05-1765.40 m?, see Table 2).
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Figure 2. Number of water bodies (WB) and amount of yearly precipitation in assessed landscape
types. AG = agricultural landscape; FR = forest landscape; MN = mountain landscape; MP = meadows
and pastures; TR = technically reclaimed spoil banks; TU = technically unreclaimed spoil banks.

3.2. Comparison of Environmental Characteristics of Water Habitats among Landscape Types

The areas of individual water bodies did not depend upon precipitation (F1 = 0.09,
p = 0.77), but they did differ among landscapes (F5 = 7.70, p < 0.001). The largest mean
area of the water bodies was found at reclaimed spoil banks (95% Crl: 298.60-3221.62 mz),
followed by unreclaimed spoil banks (95% Crl: 114.36-488.66 m?), meadows and pastures
(95% Crl: 49.50-813.03 m?) and agricultural landscapes (95% CrI: 30.40-513.67 m?). The
smallest water bodies were found in forests (95% Crl: 7.71-41.89 m?) and mountains (95%
Crl: 4.51-152.67 m?) (Table 3, Figure 3a).

Table 3. Comparison of water body characteristics between landscape types. AG = agricultural
landscape; FR = forest landscape; MN = mountain landscape; MP = meadows and pastures; TR = tech-
nically reclaimed spoil banks; TU = technically unreclaimed spoil banks. [%]—Proportion of water
bodies with certain characteristics belonging to each landscape type (column); df = degrees of freedom
of the chi-square tests; p = p-values of the chi-square tests corrected for multiple testing using the
Holm-Bonferroni method.

Environmental Number (and Proportion [%]) of Water Bodies Within Landscape Types
e Levels df p
Characteristics AG FR MN MP TR TU
<20 m 9 (32%) 44 (72%) 38 (33%) 6 (32%) 0 (0%) 51 (13%)
Pond area 21-300 7 (25%) 11 (18%) 62 (54%) 5 (26%) 10 (30%) 205 (52%) 18 0.001
[m?] 301-3000 10 (36%) 6 (10%) 11 (10%) 5 (26%) 14 (42%) 114 (29%) ’
>3000 2 (7%) 0 (0%) 4 (3%) 3 (16%) 9 (27%) 23 (6%)
. <0.5 21 (78%) 55(93%)  105(91%) 11 (58%) 9 (31%) 144 (38%)
Ma’“m[unrl‘]‘ depth 0.5-1.5 2 (7%) 3 (5%) 7 (6%) 2 (10%) 8(28%)  95(25%) 12 0.001
>1.5 4 (15%) 1(2%) 3 (3%) 6 (32%) 12 (41%) 139 (37%)
Slope of <30 10 (36%) 45 (76%) 65 (58%) 7 (37%) 24 (80%) 262 (70%)
embankments 30-55 9 (32%) 10 (17%) 16 (14%) 3 (16%) 4 (13%) 85(23%) 12 0.001
[°] >55 9 (32%) 4 (7%) 32 (28%) 9 (47%) 2 (7%) 27 (7%)
Insolation of water <5 7 (25%) 32 (53%) 37 (32%) 3 (17%) 0 (0%) 88 (23%)
surface 5-75 10 (36%) 18 (30%) 38 (33%) 6 (33%) 0 (0%) 216 (56%) 12 0.001
[%] >75 11 (39%) 10 (17%) 39 (34%) 9 (50%) 30 (100%) 83 (21%)
. <5 6 (21%) 28 (47%) 18 (16%) 8 (42%) 2 (7%) 41 (11%)
Vegeta;};? cover 5-75 12(43%) 24 (41%) 41 (36%)  8(42%)  22(73%)  285(74%) 12  0.001
? >75 10 (36%) 7 (12%) 56 (49%) 3 (16%) 6 (20%) 59 (15%)
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Figure 3. Comparison of environmental characteristics of water habitats among landscape types:
number of water bodies by (a) size; (b) dept; (c) slope; (d) insolation of water surface; (e) vegetation
cover. AG = agricultural landscape; FR = forest landscape; MN = mountain landscape; MP = meadows
and pastures; TR = technically reclaimed spoil banks; TU = technically unreclaimed spoil banks.

The analysis of water body characteristics revealed significant differences in observed
frequencies for all categorical variables (all p-values < 0.001, see Table 3). Water bodies
occurring on spoil banks (reclaimed and unreclaimed) did not show a major difference in
the numbers of shallow, medium, and deep (maximum) depths. In other landscape types,
however, there was a prevalence of shallow-water habitats of maximum depth < 0.5 m
(Figure 3b). Water bodies with gently sloping embankments (<30°) prevailed in most of
the assessed landscapes, with the exception of meadows and pastures and agricultural
landscapes (Figure 3c). The frequencies of water bodies with different levels of insolation
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varied greatly among the studied landscapes. At the reclaimed spoil banks, all water bodies
were fully insolated. Such water bodies were also abundant in meadows and pastures.
Mountain and agricultural landscapes showed a similar frequency of all types of insolation,
while partially insolated water bodies prevailed on unreclaimed spoil banks. The majority
of water bodies found in forests were completely shaded (Figure 3d). As for aquatic
vegetation, partially covered ponds (5-75% of water surface covered by any type of aquatic
vegetation) predominated in the majority of landscape types (and especially at the spoil
banks), with the exception of mountains and forests (Table 3, Figure 3e).

4. Discussion
4.1. Comparison of Water Habitat Quantity among Landscape Types

Based upon our results, it is undeniable that the density of water bodies in technically
unreclaimed spoil banks is many times greater than the density of aquatic habitats found in
reclaimed spoil banks and in the surrounding landscape types. Moreover, the proportion
of water area in unreclaimed spoil banks was the second highest among the compared
landscape types. The key factor responsible for the exceptional quantity of water habitats
on unreclaimed spoil banks is heterogeneous terrain topography, arising immediately
after heaping of the spoil banks [11,12,14]. The originally rugged terrain surface is leveled
right at the beginning of the technical reclamation. As a result, there are far fewer terrain
depressions that could be filled by precipitation and, as a result, smaller numbers of water
bodies in technically reclaimed spoil banks. Water bodies—usually in the form of larger
retention basins—are then intentionally added to technically reclaimed spoil banks [17].

The larger and less heterogeneous water bodies created by technical reclamation can
scarcely substitute for the declining supply of freshwater habitats in a regional context,
consequently leading to decreased diversity of aquatic taxa (see, for example, [18,24,50])
and a reduced conservation potential of the post-mining landscapes [64,65]. Although
the mere presence of aquatic habitats in large numbers does not guarantee the long-term
survival of populations [53], the large supply of aquatic habitats does in and of itself
increase the likelihood of there being conditions suitable for different groups of freshwater
organisms [66—68]. Equally important is the presence of early succession stages in post-
mining sites, which are noticeably lacking in the surrounding landscape [31]. With the
contribution of natural succession, these systems of small wetlands can create highly
valuable ecosystems [69].

In terms of the comparison of the aquatic habitat quantity among individual landscape
types, the highest number of water bodies per km? was found in unreclaimed spoil banks
and mountains, while other landscape types had much fewer water habitats. Unreclaimed
spoil banks and agricultural landscapes also had the highest proportions of area consisting
of water habitats per km?. However, the high proportion of water area found in agricultural
landscapes in our study is due to the occurrence of a single large pond, which was recorded
in one square of this area and occupied almost one-third of the observed square (0.315 km?).

Few but mainly large artificial water bodies have been recorded in technically re-
claimed spoil banks, with these usually serving as retention basins. These water bodies
are similar in their areas and other parameters to fishponds, which were prevalent water
habitats in meadows and pastures and agricultural landscapes. Most of the meadows and
pastures are often located on steep slopes, where water bodies may occur only sporadically.
The density of water areas is also limited in the agricultural landscape, especially in those
areas of intensive agricultural management [70]. In the Czech Republic, water habitats
occupy less than 1% of the agricultural landscape [71]. Kéndler et al. [72] pointed out that
even lower proportions of water areas exist in grasslands (0.8%) and arable land (0.3%) in
the borderlands of the Czech Republic, Germany, and Poland. The overall low proportion
and number of water habitats reflect the historical development of the Czech Republic’s
landscape, as the majority of wetlands were drained and transformed into arable land [71].
Moreover, the occurrence of one large or a few smaller aquatic habitats per km? is far from
sufficient for most aquatic organisms [73-75]. Basically, these comprise isolated popula-
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tions several kilometers distant from other populations, and such distance is beyond the
dispersal capability of many aquatic organisms. As a result, the long-term survival of such
populations is substantially limited [76-78].

The lowest total area of the water habitat, as measured in km?2, was recorded in the
forested area, but for the density of water bodies, there were close to average values among
the assessed landscapes. The forests were often located on relatively steep slopes. It can be
assumed that, in these conditions, there can arise only small aquatic habitats (pools, ditches,
waterlogged trenches, etc.) that are flooded after snow melts but dry up later in the season,
perhaps even completely. Similar small pools were also found in the mountain landscape,
but their density was much higher there. As in the case of the forested landscape, however,
the total area of aquatic habitat was proportionately small (about 0.2%), which is consistent
with the findings of Kéndler et al. [72]. On the other hand, it is undeniable that small,
periodically occurring pools constitute irreplaceable habitats for many organisms and can
play an important role in their persistence [79-82]. At the same time, these habitats can
serve as stepping stones for dispersing individuals, thus increasing the permeability of the
landscape and supporting the effective colonization of organisms into new areas [27].

Regarding the effects of precipitation, somewhat surprising is the fact that the differ-
ences in annual rainfall did not contribute to differences in the numbers of water bodies
among the landscape types. The vast majority of spoil banks, and similarly the surrounding
agricultural, meadow and pasture, and forest landscapes, occur in the rain shadow of the
Ore Mountains, one of the driest regions of the Czech Republic [83]. It is obvious that the
differences are caused much more by the topography of the individual landscape types
and/or by the manner of land use.

4.2. Comparison of Environmental Characteristics of Water Habitats among Landscape Types

Despite significant differences among the observed numbers of water habitats at
particular levels of pond parameters, the majority of landscape types involved water
bodies across all levels of their characteristics. For most aquatic organisms, the quality
of the water body determines a number of factors, namely, morphological parameters,
hydrological regime, water quality and quantity, structure and composition of aquatic
vegetation, presence of predators and food competitors, and many other characteristics [84].
Within this study, we focused on the area, depth, and slope of embankments, insolation of
the water surface, and vegetation cover of water bodies.

The majority of freshwater invertebrates and amphibians occurring in Central Europe
typically prefer smaller water habitats (ca. 500 m?) with depths to 1.5 m that allow at least
partial establishment of littoral vegetation [85-87]. However, too-shallow water habitats
are greatly influenced by fluctuations in the water level and seasonal drying [88,89], which
affect the survival of eggs and aquatic larvae [90]. On the other hand, seasonal drying
limits the occurrence of competitive species and fish predators [91,92]. We found that
the proportions of shallow and deeper ponds were similar in both technically reclaimed
and unreclaimed spoil banks, while shallow water bodies prevailed in the rest of those
landscape types assessed, especially in forest and mountain landscapes. Offering a diversity
of water bodies of varying depths can thus significantly enhance the biodiversity of aquatic
taxa on spoil banks.

Regarding embankment slopes, steep banks can limit the development of littoral
vegetation [93]. Aquatic vegetation plays a crucial role for the majority of freshwater
invertebrates and amphibians, as it is their preferred oviposition substrate. Sufficient
structurally heterogeneous vegetation may also significantly increase shelter possibilities
for larvae and adults of those taxa [94]. Water bodies with gently sloping embankments
and partially developed aquatic vegetation prevailed in most of the assessed landscapes,
excluding meadow and pasture and agriculture landscapes, and thus potentially provided
suitable conditions for many freshwater taxa. It is important to mention that for different
groups of aquatic taxa, the optimal structure and density of macrophytic vegetation are
very different [95]. For example, extensive reedbeds are very attractive to many birds, but
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they represent a barrier for many amphibians and do not provide enough shelter for many
invertebrate species. Conversely, many species associated with early succession habitats
may prefer habitats with sparse submerged vegetation.

Thus, the key factor for maintaining high biodiversity may be not only the parameters
of the reservoirs but also the heterogeneity of the succession stages [20,96].

The final assessed parameter, insolation of the water surface, may have a positive
effect on aquatic invertebrates and amphibians [92]. Extensive shading of the water surface
reduces the water temperature and may significantly slow the development of larvae and
the development of periphyton, thereby reducing food resources [97]. Fully insolated water
habitats prevailed in most of the examined landscapes, with the exception of technically
unreclaimed spoil banks, where there was a prevalence of partially insolated water bodies,
and of forests, where the majority of water habitats were shaded.

5. Conclusions

Among all of the landscape types assessed, we found the highest number of water
bodies and the second highest proportion of water area per km? in technically unreclaimed
spoil banks. Water bodies arising on technically unreclaimed spoil banks are similar with
regard to their parameters to those present in the surrounding landscapes unaffected by
the mining, and they do not represent unique types of freshwater habitats. The singu-
larity of these post-mining sites lies in the exceptional numbers and variability of water
bodies at different stages of succession, and these can compensate for their loss in the
surrounding landscape. The potential of unreclaimed spoil banks as valuable habitats and
water reservoirs is still limited, however, due to the major use of technical reclamation
in the Czech Republic, directly imposed by legal measures. From this point of view, it
seems far more advantageous from both an ecological and an economic point of view to
give more space to spontaneous succession. On the other hand, technical reclamation as a
process has an irreplaceable role in areas where “rewilding” is not entirely desirable, and
therefore, the final outcome should be planned with a view to the historical past of the area
concerned [98], which means the existence of extensive wetlands in our study area [9,99],
and in light of ongoing environmental changes. Post-mining areas are often referred to as
local biodiversity hotspots. Our study provides a very important context by comparing the
density of freshwater habitats on a regional scale. However, it is true that the ecological
value of a high number of aquatic habitats is to some extent directly related to mining activ-
ities. With the gradual dampening of mining activities, together with extensive drought,
the impact of some invasive species or climate changes can cause many land restoration
objectives to be rather untenable in the coming decades [98]. Therefore, providing space for
spontaneous succession within the ecological restoration of post-mining sites and regaining
at least part of the lost landscape heterogeneity seem to be more and more urgent. However,
further studies should not look for the advantages and disadvantages of both approaches
(spontaneous succession and technical reclamation) but should seek solutions to link the
advantages of both approaches.
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