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Abstrakt

PredloZena disertacni prace se zabyva utvafenim spoleCenstev krasivek (Desmidiales s.1.)
v prostiedi zivinami chudych (oligo-mezotrofnich) moktadi, které jsou v rtizné mife vystaveny
negativnim vliviim lidské ¢innosti. Jeji zaklad tvoii vysledky studia diverzity a ekologickych
preferenci krasivek v souboru modelovych lokalit, na némz Ize demonstrovat piedevSim
diisledky posunt v chemismu a trofické urovni moktadniho prostiedi. Na oligo-ombrotrofnich
raSeliniStich Jizerskych hor a Hrubého Jeseniku byly hodnoceny dopady antropické acidifikace
spojené s oligotrofizaci. V souboru vybranych ceskych rybnikili, tvoficich Siroky troficky
gradient, pak byly sledovany dopady antropické eutrofizace. Ackoliv se v podstaté jedna o
protichidné procesy, oba shodné vedou k degradaci pivodnich cennych spolecenstev a k
poklesu druhové diverzity krasivek.

Béhem studia 18 raSeliniSt’ v Jizerskych horach bylo nalezeno celkem 76 taxoni
krasivek, mezi nimiz figurovala fada vzacnych, ekologicky senzitivnich zastupci a dokonce
n&kolik taxont novych pro uzemi CR. Navzdory silné imisni z4t&Zi a nasledné acidifikaci,
prodélané ve 2. poloviné 20. stoleti, je recentni flora krasivek pomérné bohatd, dosti cenna a
druhovou skladbou odpovidajici pfirozenému charakteru biotopt. Ziejmé tedy odrazi pozitivni
zmény probihajici v raseliniStnim prostfedi po eliminaci kyselych primyslovych spadi na
pocatku 90. let 20. stoleti. V oblasti Hrubého Jeseniku bylo studovéano 8 raselinist’, kterd vici
obdobnym biotopiim v Jizerskych horach tvofila referen¢ni lokality, mnohem méné postizené
pusobenim imisi. Na téchto lokalitdch bylo zaznamenano celkem 51 taxonii krasivek. Druhova
diverzita 1 hodnota spolecenstev na jednotlivych raselinistich byly viceméné na podobné trovni
jako v ptipad¢ Jizerskych hor. V ramci jesenickych raSelinist’ byla také podrobné studovana
prostorova distribuce krasivek ve vztahu k fad¢é stanoviStnich parametri. V prvé tadé byla
uréena gradientem hladiny podzemni vody a souvisejici nabidkou mélkych vodnich téles, dale
pak gradientem vzajemn¢ korelovanych hodnot pH, Mg a Ca.

V souboru 45 Ceskych rybnikl byl proveden prizkum flory krasivek zijicich na povrchu
jemnych sedimentli dna - v tzv. epipelonu, ktery je z hlediska algologickych vyzkumu spise
opomijenym mikrohabitatem. B&hem studia bylo nalezeno celkem 42 taxont krasivek, vcéetné
n¢kolika vzacnéjsich zastupcti. Druhova bohatost a skladba spoleenstev na jednotlivych
lokalitach vcelku dobfe korespondovaly s fyzikalné-chemickymi vlastnostmi vody, soucasné
byl v8ak prok4zan vyznamny vliv kvality sedimentu. Vzajemnym srovnanim flory krasivek v
rybnicich s riznym stupném trofie bylo mozno dokumentovat mizeni ekologicky citlivych

taxontl na ukor hojné rozsitenych druht s Sirokou ekologickou valenci v dusledku eutrofizace.



Abstract

This thesis deals with character of desmid assemblages inhabiting the nutrient-poor (oligo-
mesotrophic) wetlands which have been negatively influenced by human activities. It is based
on investigation of desmid diversity and ecological preferences within a large set of wetland
sites displaying variation in chemism and nutrient status. Impacts of anthropogenic
acidification followed by oligotrophication tendencies were assessed at several oligo-
ombrotrophic peat bog sites in the Jizerské Mts and the Jeseniky Mts. Effects of anthropogenic
eutrophication were observed in a set of Czech ponds covering a large trophic gradient.
Although these processes act in opposite ways, both result in degradation of valuable original
assemblages and decrease in desmid diversity.

In the course of the study of 18 peat bog sites in the Jizerské Mts, altogether 76 desmid
taxa were found including several rare and/or ecologically sensitive species. In addition, some
of the taxa were new records for the Czech Republic. Despite the strong impact of air pollution
resulting in acidification during the 2 half of the 20" century, the recent desmid flora seems to
be relatively rich, valuable and well corresponding to the character of biotopes. In conclusion,
it may reflect the gradual improvement of environmental conditions of the peat bogs in the
Jizerské Mts after progressive elimination of acid industrial emissions at the beginning of the
1990’s. In the region of the Jeseniky Mts, 8 peat bogs were studied serving as referential sites,
less affected by imissions compared to similar bog localities in the Jizerské Mts. In total, 51
desmid taxa were recorded here. Desmid diversity and nature conservation value of
assemblages in particular localities were similar to those in the Jizerské Mits. Spatial
distribution of desmids was analysed in relation to several environmental characteristics within
the bogs of the Jeseniky Mts. It was primarily determined by the gradient of water table
elevation (also reflected in the supply of shallow water bodies), and by the gradient of
intercorrelated pH, Mg and Ca values.

Within the set of 45 ponds, epipelic desmid flora was investigated, living in the surface
layer of bottom sediments which have been poorly studied regarding the distribution of
cyanophytes and algae. Altogether 42 desmid taxa were found during the investigation,
including several taxa with generally sparse occurrence. Species diversity and composition of
desmid assemblages were corresponding to physico-chemical parameters of water as well as to
the sediment quality. Comparison of desmid assortments in ponds varying in their nutrient
status documented the gradual loss of ecologically sensitive species as a result of

eutrophication.
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1 UVOD

Citlivé ekosystémy Zivinami chudych (oligotrofnich az mezotrofnich) mokiada jsou v Evropé
pfiblizné od 2. poloviny 20. stoleti vystaveny stale intenzivnéj$im vliviim lidské ¢innosti. Jedna
se zejména o ruzné formy odvodnovani, cilené pfemény lokalit a/nebo jejich blizkého okoli v
odli$ny typ prostiedi (napf. pfevod na ornou plidu), zavadéni neptivodnich organismt a kone¢né
pfisun cizorodych latek, ktery se nasledné odrdZzi ve zménach trofie (COESEL et al. 1978;
CHYTRY et al. 2001; MALTBY & BARKER 2009). V zavislosti na charakteru hromadicich se
polutanti jsou v mokifadnim prostfedi indukovany v zdsadé dva opacné procesy - na jedné
stran¢ eutrofizace, na strané druhé acidifikace spojend s oligotrofizaci. Oba procesy vSak
shodné vedou k degradaci ptivodnich cennych spolecenstev, kterd se projevuje zménami jejich
struktury, druhové skladby a poklesem biodiverzity. Uvedené procesy se zvlasté rychle a presné
odrazeji v dynamice spolecenstev fas, které tak nabyvaji nemalého bioindika¢niho vyznamu
(CoOESEL et al. 1978; COESEL 1998). Pravé studium diverzity fas ve vztahu k faktorim prostiedi
a k mife antropického zatizeni vybranych oligotrofnich a mezotrofnich mokfadt je hlavni
naplni této disertacni prace. Pozornost je pfitom vénovana predevSsim podrobné analyze
spolecenstev krasivek (Desmidiales s.l.), které pifedstavuji vyrazné specializovanou, pro
uvedené biotopy charakteristickou skupinu fas se znacnym bioindika¢nim potencidlem (COESEL
1998, 2001, 2003).

Pro presnéjsi pojeti uvedeného tématu je tfeba podotknout, ze v soucasné dobé je
prakticky jiZz kazda ¢ast zemského povrchu, véetné vodnich ploch, néjakym zplisobem piimo ¢i
nepiimo ovlivnéna lidskou c¢innosti (MOLDAN 2009), takze pouzivany vyraz ,antropicky
ovlivnéné prostiedi“ je ve skuteCnosti pouze relativnim pojmem. Podobné i ¢asové vymezeni
obdobi (byt’ piiblizné), do néhoz takové pisobeni ¢loveéka spadd, mize byt predmétem mnoha
diskuzi. Studie diverzity a ekologie krasivek prezentované v této praci byly provedeny na
souboru mokftadl, které predstavuji pravé vzhledem k relativit¢ zminiovaného pojmu velmi
vhodné modelové objekty. Poskytuji totiz moznost vzajemného srovnani stanovist’ téhoz typu,
ale sriznym stupném antropogenni zatéze, kterou Ize kvantifikovat pomoci métenych
fyzikalné-chemickych parametri daného prostiedi.

Z hlediska typu studovanych mokiadii a ptevladajiciho zpusobu jejich antropického
ovliviiovani se tato prace zamétuje na dvé hlavni zajmové oblasti. Prvni z nich tvoii typicka
horska raselini$té (resp. vrchovisté) v pasmu Sudet, ktera reprezentuji mokiadni biotopy svym
puvodem zcela ptirodni. Vznikala a nasledné se i po dlouhou dobu vyvijela zcela nezdvisle na

¢innosti Cloveéka, Cisté diky specifické kombinaci urcitych geologickych, geomorfologickych,
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hydrologickych a klimatickych podminek v dané oblasti. Teprve v pozdéjSich fazich vyvoje
zacala byt v rizné mife postihovana procesy souvisejicimi s rozvojem lidské spolecnosti (JOZA
& VONICKA 2004). Na piikladu sudetskych raselinist’ 1ze velmi dobfe sledovat pfedevsim vlivy
acidifikace a s ni spojené oligotrofizace moktadniho prostiedi (viz Ptispévek I a II). Druhou
z4jmovou oblast ptfedstavuji piibiezni zony ceskych a moravskych rybniki. Oproti raseliniStim
se jednd o vodni biotopy um¢lé - piimo vytvorené ¢lovékem a vétSinou také po celou dobu své
existence lidskou ¢innosti vyrazné ovliviiované (KUKLiK & HRBACEK 1984). Vzhledem ke
svému umisténi v krajin¢ a zpiisobu hospodarského vyuzivani jsou nase rybniky vétSinou v

rizné mife vystaveny plisobeni eutrofizace (viz Piispévek III).

1.1 Motivace ke studiu Fas na sudetskych raSeliniStich

V prostoru stfedni Evropy rasSelinisté v souc¢asné dobé predstavuji vzacné a ohrozené biotopy s
vyrazné reliktnim a ostrovnim charakterem. Tato vyjimecnost je dana jejich dlouhym a
viceméné nepietrzitym vyvojem béhem postglacidlu, dnesni sporou geografickou distribuci (a
tedy vzdjemnou izolovanosti) a znaénym kontrastem jejich kyselého, oligotrofniho prostiedi
vici chemicky pfiznivéjsimu okoli. RaSeliniS§t¢ jsou proto téZ biotopem fady silné
specializovanych, vzacnych, ohrozenych, a biogeograficky vyznamnych druhli organismii a
celych spolecenstev (JENIK & SPITZER 1984; CHARMAN 2002; JOZA & VONICKA 2004; BEZDEK
et al. 2006; HAJEK & HAJKOVA 2007). Z uvedenych diivodi se celé raselinistni ekosystémy i
jejich jednotlivé slozky té8i velké pozornosti ze strany ochrany piirody a Casto se stavaji
objekty rtiznych biologickych a ekologickych vyzkumi. Mnohé z posledné zminovanych
ekologickych studii se zaméfuji na sledovani zmén, které jsou v raselini$tnich ekosystémech
indukovany nadmérnym pfisunem zivin a/nebo cizorodych latek, zejména prosttednictvim
atmosférickych spadii (napt. BERENDSE et al. 2001; LIMPENS et al. 2003; BRAGAZZA et al. 2006;
LINTON et al. 2007; BREEUWER et al. 2008).

Z obdobnych motivaci vychazi také algologicky vyzkum provedeny na vybranych
sudetskych raselinistich a prezentovany v této praci (viz Pispévek I a II). Studium diverzity a
ekologie zdejSich fas (resp. krasivek) je soucasti komplexniho ekologického vyzkumu, ktery
probiha v ramci projektu ,,Historické a soucasné zmény na horskych raselinistich Sudet‘
(GACR 206/08/0389). Hlavnim podnétem k jeho realizaci bylo t&7ké poskozeni horskych
ekosystému zapadni ¢asti Sudet v disledku enormni imisni z4téze plisobici ve 2. poloviné 20.
stoleti. Jejim nejvyraznéjSim projevem bylo téméf kompletni odlesnéni ndhorni ploSiny
Jizerskych hor (RYBNICEK & HOUSKOVA 1994; RYBNICEK 2000, 2003). Raselinistni

ekosystémy vsak i v siln¢ zasazenych partiich hor pfetrvaly jako celky ve viceméné zachovalém
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stavu, zdanlivé rezistentni vii€i negativnimu pusobeni imisi. Vyvstala tedy otazka, do jaké miry
mohou byt také tato raseliniSté postizena imisnimi spady, naslednou acidifikaci a dalSimi
(vetSinou souvisejicimi) antropickymi vlivy - napt. odvodiiovanim (RYBNICEK & HOUSKOVA
1994; RYBNICEK 2000).

Jak jiz bylo naznaceno, rizné ¢asti sudetského horského pasma zdaleka nebyly imisemi
zasazeny stejnou mérou. Zatimco imisni zat¢z Jizerskych hor (zapadni ¢ast Sudet) ve své dobé
patiila k nejvys$sim v Evropé, oblast Jesenikli (vychodni ¢ast Sudet) byla v tomto ohledu
relativné mén¢ postizena. Pravé této skutecnosti byl v ramci uvedeného projektu uzptsoben
vybér dvou modelovych oblasti, Jizerskych hor a Jesenikll, pro paralelni studium a srovnéani
environmentalnich zmén v raselinisStnich ekosystémech s odliSnym stupném postizeni. Od 90.
let 20. stoleti je tedy na vybranych lokalitich obou oblasti provadén pravidelny monitoring
stanoviStnich (fyzikalné-chemickych) parametri a vegetace vysSich rostlin (RYBNICEK &
HOUSKOVA 1994; RYBNICEK 1997, 2000, 2003; HAJEK 2004). V pozdé&jsich letech byl k nému
pripojen jesté paleoekologicky vyzkum a studium spolecenstev dosud spiSe opomijenych, ale
indika¢né vyznamnych skupin organismi jako jsou fasy a sinice, houbové organismy nebo
krytenky. Uvedené analyzy maji za cil zhodnotit stupent degradace/regenerace raseliniStnich
ekosystému, detekovat kratkodobé 1 dlouhodobé reakce jednotlivych druhli 1 celych
spoleCenstev na zmeény jejich prostiedi a konecné téz ziskat piehled o souCasném stavu
biodiverzity raSeliniStnich ekosystémi v dosud malo prozkoumanych oblastech (RYBNICEK
2000; HAJEK 2004).

Predev§im poznani diverzity mikroorganismi obyvajicich raselinis$té Jizerskych hor a
Jeseniki zlstdvalo po dlouhou dobu na dosti nizké urovni, a to i pfesto, Ze prave
mikroorganismy mohou hrat vyznamnou roli pfi hodnoceni stavu a vyvoje moktadnich
ekosystéml (COESEL 1998; MITCHELL et al. 2008). Co se tyce fas, v zdjmovych oblastech a
biotopech dosud nebyl proveden systematicky a ekologicky koncipovany prizkum tfasové flory
a vegetace. K dispozici mame spiSe jen kusé historické udaje, ¢asto nékolik desitek let staré,
zamétené na rizné skupiny nebo na jednotlivé druhy fas. Velka ¢ast téchto historickych praci se
mimo jiné zabyva krasivkami (LHOTSKY 1949; PERMAN 1958; ROUBAL 1958; RYBNICEK 1958;
PERMAN & LHOTSKY 1963). V Jizerskych horach byly zfasovych skupin dale zkoumany
obrnénky (POPOVSKY 1968) a zlativky (ETTL & PERMAN 1958). Tato disertacni prace se tedy
snazi (alespon zcasti) doplnit nedostate¢né znalosti o pfitomnych druzich a spolecenstvech ftas,
zejména s ohledem na jejich cenné indika¢ni hodnoty ve vztahu k raSeliniStnimu prostiedi.
Prezentované studie (Ptispévek I a II) se soustfed’uji na skupinu krasivek (Desmidiales s.l.)

z nékolika divodu, které z ni ¢ini pro ucely zminiovaného projektu velmi vhodnou modelovou
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skupinu fas a které budou jesté podrobné&ji vysvétleny v jedné z nasledujicich kapitol. Na tomto
mist¢ je tieba vyzdvihnout pifedevSim to, Ze krasivky pro raselinist¢ predstavuji
charakteristickou, (ko)dominantni skupinu ftas a vyznaCuji se vyraznou ekologickou
senzitivitou. Diky tomu se ve struktufe jejich spoleCenstev odrazeji zmény obyvaného prostredi
mnohem rychleji a pfesnéji nez je tomu napt. u vegetace vyssich rostlin (LENZENWEGER 1996;
COESEL 1998, 2001, 2003). Vyskytu krasivek bylo navic v obou zajmovych oblastech
v minulosti pfece jen vénovano asi relativné nejvice pozornosti, coz slibuje alespori néjaky
historicky srovndvaci materidl pro potfeby hodnoceni dneSniho stavu fasové flory a jejiho
prostiedi. Recentni intenzivni vyzkum fléry a vegetace tas (paralelni s fyzikalné-chemickymi
meétenimi) byl na raseliniStich Jizerskych hor a Jesenikd zahdjen v roce 2006 a stile jest¢ v
urcitych smérech pokracuje. V piipade Jizerskych hor tento vyzkum navazal na predchazejici
pilotni studii VAVRUSKOVE (2006), ktera se vicemén¢ tykala vSech zakladnich skupin fas a

sinic, obsazujicich jizerskohorska raSeliniste.

1.2 Motivace ke studiu Fas v epipelonu ¢eskych rybniki

Na rozdil od vySe uvedenych horskych raSelinist’ predstavuji rybniky mokiady umélé, ryze
ucelové budované, relativné mladé a jako takové tedy tvoii zcela béZnou, typickou soucast
kulturni krajiny stfedni Evropy. V Ceské republice jsou dnes nejb&zngjsim typem stojatych vod
(KUKLIK & HRBACEK 1984; POULICKOVA et al. 2009). V tomto kontextu se mohou rybniky
nékdy jevit jako pomérné bandlni a studijné méné atraktivni lokality. AvSak pravé diky své
pocetnosti, celkové rozloze a objemu zadrZované vody postupné nabyly zna¢ného ekologického
vyznamu (kromé& primarniho vyznamu hospodaiského). Tvofi podstatny prvek ekologické
stability krajiny, pfiznivé ovliviiuji hydrologicky rezim Sir§iho izemi, pfedstavuji rezervoary
vyuzitelnych ptirodnich zdrojii a vytvaieji bohatou sit’ biotopil, které v sobé uchovavaji velkou
¢ast diverzity vodnich a mokiadnich organismi daného regionu (DYKYJOVA & KVET 1978;
GERGEL 2004; HUSAK & KVET 2008). Nékteré rybniky a rybni¢ni soustavy, véetné ¢eskych a
moravskych, jsou dokonce zhlediska plnéni stézejnich ekologickych funkci a udrzovani
biologické rozmanitosti hodnoceny a chranény Ramsarskou konvenci jako moktady svétového
vyznamu (CHYTIL et al. 1999).

Jiz v obdobi rozsahlého zakladani rybniki (ptiblizn€ v 15. stoleti) se v ¢eskych zemich
zacala vytvaret pomérné Siroka skala jejich typi - co se ty¢e morfologickych, fyzikalng-
chemickych 1 biotickych charakteristik. Tato variabilita byla primdrné déna zejména
geografickou polohou, charakterem geologického podlozi a zplsobem hospodaiského

vyuzivani konkrétnich vodnich téles (KUKLIK & HRBACEK 1984; POULICKOVA 2011). Pravé
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zpusob hospodareni, at’ uz ptimo na rybnicich nebo v okolni krajing, se postupné stal hlavnim
faktorem fidicim diferenciaci typi rybni¢nich ekosystémii. V dobach svého vzniku bylo
prostiedi rybnikl ptevdzné oligotrofniho charakteru, s ¢istou vodou a malou vynosnosti ryb.
Takovych rybnikd je vSak u nds dnes jiz pomémé¢ malo. Nadmérny pfisun Zivin spojeny
s intenzifikaci zeméd¢€lské a primyslové vyroby béhem 20. stoleti vyvolal témét plosny posun
v trofické urovni vod. V zavislosti na intenzité téchto antropickych vlivi se tak vétSina
ptivodnich oligotrofnich rybniki zmeénila na mezotrofni, eutrofni ¢i dokonce hypertrofni
(GERGEL 2004; POULICKOVA 2011). Z rybaiského hlediska mize byt proces eutrofizace za
urcitych okolnosti pozitivnim jevem zvySujicim produktivitu nadrze a vynosy ryb (LELLAK &
KUBICEK 1992). Z pohledu ochrany pfirody a krajiny vS§ak mnohé siln¢ eutrofizované rybniky
predstavuji spiSe degradované vodni plochy, které maji snizenou ekologickou a hydrologickou
funkénost v krajiné a navic mohou i negativné ovliviiovat okolni prostfedi, piedevsim
zhorSovanim kvality vody (JUST 2004). Eutrofizace zplsobuje zdvazné zmény v druhovém
slozeni, struktuie a funkcich biocenéz a v kone¢ném dusledku i celého rybni¢niho ekosystému
(GERGEL 2004).

Vzhledem k rozsifenosti a intenzit¢ uvedenych antropickych zmén vzrostla v souc¢asné
dobé potieba ekologického a biologického monitoringu, ktery vytvaii nutné podklady pro
optimalni management a revitalizaci téchto vod a je nyni vyzadovan také evropskou
legislativou. Podle Ramcové smérnice pro vodni politiku ES (Water Framework Directive,
2000/60/EC) ma byt u vSech vodnich téles pifesahujicich urcitou rozlohu hodnocen jejich
ekologicky stav, ktery je ur€ovan jednak fyzikalné-chemickymi vlastnostmi, jednak strukturou
spoleCenstev organismil, povazovanych za tzv. biologické slozky kvality prostfedi (biological
quality elements). Rasy tvoii podstatnou souc¢ast hned dvou takovych slozek kvality, a sice
fytoplanktonu (spolecenstvo obyvajici volnou vodu) a fytobentosu (spolecenstvo prosvétlené
¢asti dna). V nékterych piipadech se podileji také na utvareni makrofytni slozky vodnich téles
(LELLAK & KUBICEK 1992; GUTOWSKI et al. 2004; OPATRILOVA & JANOVSKA 2008). Zatimco
studovanym vodnim spolecenstviim, fytobentos a jeho dil¢i slozky (napft. epipelon, epiliton,
epifyton) jsou navzdory svym kli¢ovym ekologickym funkcim v mnoha ohledech jesté
nedostate¢né poznany (POULICKOVA et al. 2008). Pravé diverzité a ekologii bentickych (resp.
epipelickych) fas byl vénovan extenzivni algologicky prizkum v ptibieznich zénach ceskych a
moravskych rybniki, ktery je prezentovan v této praci (Ptispévek III). V kontextu sledovani

vlivi lidské ¢innosti je tfeba podotknout, Ze studované rybniky tvotily vhodny reprezentativni
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soubor lokalit pokryvajicich hlavni environmentalni gradienty (v€etné stupné trofie), které jsou
z velké ¢asti urCeny praveé mirou antropogenni zatéze.

biomonitoringu. Jedné se o spolecenstva drobnych organismti, kterda v podobé narostii osidluji
povrch jemnozrnnych sedimenti na dné vod. V dostatecné osvétlenych Castech dna, v tzv.
litoralu, tvoti fototrofni sinice a fasy dominantni slozku téchto ndrostii (LELLAK & KUBICEK
1992; POULICKOVA et al. 2008). Uvazime-li, Ze rybniky jsou pomérné¢ mélka vodni télesa
s velkym az pievazujicim podilem litoralu (POULICKOVA 2011), pak (fototrofni) epipelon pro né¢
svym zastoupenim a uplatnénim v prostoru nadrze piedstavuje jedno ze stézejnich spolecenstev.
Epipelické fasy a sinice zajiStuji v oblasti dna velkou ¢ast primérni produkce, podileji se na
stabilizaci sedimentli a reguluji kolob&éh zivin mezi bentickym a pelagickym prostiedim
(POULICKOVA et al. 2008). Béhem druhé poloviny 20. stoleti doslo k vyraznym zménam
v ukladdani a charakteru sedimentli na dnech rybnikii. Vlivem zesilené eroze na intenzivné
obhospodarovanych zemédé€lskych plochach zacaly byt z piidy do vodnich nadrzi v nebyvalé
mife splavovany riizné Castice, véetné zivin a polutantd. VétSina téchto latek se v rybnicich
ukladd na jejich dno a dlouhodobou akumulaci vytvaii mocné vrstvy, které pak druhotné
ovliviluji jakost vody. V souvislosti s uvedenymi procesy tak studium piimo dotcenych
epipelickych organismi - jejich diverzity, ekologickych roli a reakci na zmény prostredi,

nabyva stale vétstho vyznamu (GERGEL 2004; VRANA 2004; POULICKOVA et al. 2008).
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2 CILE DISERTACNI PRACE

V predchézejici uvodni ¢asti prace byly v Sir§Sim kontextu pfedstaveny motivace, které vedly ke
studiu diverzity a ekologickych narokt fas (resp. krasivek) na vybranych moktadnich

lokalitach. Z téchto motivaci pak vyplyvaji nasledujici konkrétni cile disertacni prace.

* Vytvofit reprezentativni prehled diverzity krasivek pro typicka horska raselinisté (vrchoviste)
v oblasti Jizerskych hor a Jesenikd.

* Zhodnotit diverzitu a druhové sloZeni spolecenstev krasivek na studovanych raselinistich ve
vztahu k méfenym fyzikalné-chemickym parametrim prostiedi.

* Posoudit soucasny stav krasivkové flory na vybranych horskych raselinistich vzhledem k
zavaznym antropogennim vliviim, kterym byly lokality v minulych letech vystaveny.

* Vytvofit zakladni piehled diverzity krasivek obyvajicich prostiedi epipelonu v piibieznich
zénach rybnikt Cech a Moravy.

* Zhodnotit distribuci a indika¢ni hodnoty taxoni epipelickych krasivek ve vztahu k hlavnim

environmentalnim a antropogennim gradientiim zjiS§ténym mezi studovanymi rybniky.

16



3 ZAJMOVA SKUPINA RAS - KRASIVKY (DESMIDIALES s. 1.)

Vzhledem k tématickému zaméfeni disertatni prace je vhodné alesponi v n¢kolika hlavnich
bodech blize piedstavit skupinu krasivek, jiz byl pfednostné vénovan vyzkumny ziajem. Na
tomto misté neni prakticky mozné ani ucelné piredlozit vSestranné vycCerpavajici pojednani o
dané skuping. Nasledujici text si proto spise klade za cil zdlraznit a do SirSiho kontextu uvést
poznatky, které podstatné souviseji s obsahem ptispévkl piilozenych v disertaéni praci. Jedna
se zejména o systematické vymezeni okruhu studovanych fas, nckteré aspekty jejich
morfologie, biologie a ekologie, o studium jejich diverzity a moZznosti uplatnéni v oblasti

ochrany pfirody.

3.1 Zakladni charakteristika krasivek
Kréasivky predstavuji dosti vyhranénou, silné specializovanou skupinu zelenych spajivych fas
(Conjugatophyceae/Zygnematophyceae). Vyznacuji se predevSim absenci bicikatych stadii
v zivotnim cyklu, pohlavni reprodukci prostfednictvim tzv. konjugace (spdjeni) a velmi
specifickou morfologii 1 vnitinim usporadanim téla (RUZICKA 1977; HINDAK 1978; KALINA &
VANA 2005; GONTCHAROV 2008). Skupina zahrnuje pouze jednobunécné ftasy, avsak
z morfologického hlediska je vyrazné diverzifikovand a jeji zastupci vynikaji napadnou
tvarovou ozdobnosti a bilaterdlni symetrii (LENZENWEGER 1996; KALINA & VANA 2005).
Podobné jako u jinych zelenych fas patii k zdkladnim charakteristikdm krasivek také tvorba
Skrobu jako hlavni zasobni latky, budovani bunééné stény z celuldézy a kombinace chlorofyll a
+ b jako hlavnich fotosyntetickych pigmentd (HINDAK 1978; KALINA & VANA 2005).

Krasivky témét vyhradné obyvaji sladkovodni prostiedi, pti¢emz nejvétsi pocet druhd je
vazan na Cisté, mirn¢ kyselé, oligo-mezotrofni mokiady (HINDAK 1978; LENZENWEGER 1996;
COESEL 1998). Pravé diky vazbé na tyto specifické, ve stfedni Evropé pomérné vzacné biotopy
a diky vyrazné ekologické citlivosti nejsou krasivky vSeobecné rozSifenymi organismy. V
disledku postupné antropogenni degradace ¢i uplné likvidace oligo-mezotrofnich moktadi jsou
dnes mnohé druhy v fad¢ geografickych oblasti vzacné nebo dokonce mizi a celkové tedy stale
vice ziskdvaji charakter urcité rarity (COESEL et al. 1978; LENZENWEGER 1996; COESEL 1998;
STASTNY 2010).

3.2 Praktické duvody vybéru krasivek pro ucely biomonitoringu

V ochrané ptirody predstavuji krasivky mezi vodnimi mikroorganismy skupinu obzvlasté dobie

vyuzitelnou pro potfeby managementu vodnich biotopl - napi. pfi hodnoceni kvality vody,
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ekologického stavu jednotlivych lokalit nebo sledovani zmén probihajicich v mokiadnich
ekosystémech (COESEL 1998, 2001, 2003). Tato pouzitelnost krasivek vychazi zné¢kolika
divodi, které lze, predev§im ve vztahu ke studiu antropického zatiZeni oligo-mezotrofnich
mokftadu, shrnout v nésledujicich odstavcich.

Krasivky jsou ekologicky velmi senzitivni organismy. Uplatiiuji se tedy jako spolehlivé
indikétory urcitych stanovistnich podminek (fyzikalné-chemickych parametrii), coz je cenné
zejména v téch piipadech, kdy ,,makroorganismy* v této funkci selhavaji. Jejich spolecenstva
vykazuji pomérmé rychlé a pfesné reakce na zmény v prostiedi - zpravidla mnohem rychle;jsi
nez je tomu naptiklad u fléry a vegetace vyssich rostlin (COESEL 2001, 2003). Naproti tomu ve
srovnani s mnoha jinymi skupinami fas reaguji krasivky o néco pomaleji vlivem své nizsi
reprodukéni rychlosti (RUZICKA 1977). Tato vlastnost v§ak miize byt pro ucely biomonitoringu
¢asto vyhodou. Spole€enstva krasivek pak totiz nutn¢€ neodrazeji vSechny kratkodobé fluktuace
stanoviStnich parametrd, ale spiSe jejich primérné hodnoty (¢i bézné rozsahy hodnot), které
reprezentuji stav dané¢ho prostiedi v delSim Casovém horizontu. Vyznamné je to tieba pravé ve
vztahu ke studiu horskych raselinist’ (Prispévek I a II), kde jsou vykyvy hodnot stanoviStnich
parametrti velmi ¢asté a vyrazné (KOUWETS 1988; RYBNICEK & HOUSKOVA 1994; RYBNICEK
1997, 2003).

Krasivky diky svému atraktivnimu vzhledu (je na né ,,radost pohledét™) a ekologickeé
vazbé na nevSedni, cenné biotopy patii k dosud nejlépe prostudovanym skupindm fas. Ve
srovnani s fadou jinych mikroorganismi jsou relativné dobfe poznany z hlediska své diverzity,
specifickych ekologickych néarokt i prostorové distribuce v mnoha regionech (LENZENWEGER
1996; COESEL 2003; KALINA & VANA 2005; COESEL & KRIENITZ 2008). Dosud nashromazdéné
mnozstvi dat tedy tvofi dostatecnou informacni zdkladnu pro odvozovani vztahii mezi
jednotlivymi taxony a vyznamnymi charakteristikami prostfedi, v€etné stanovovani konkrétnich
indika¢nich hodnot.

Determinace taxonu krasivek je, opét ve srovnani stadou jinych fasovych skupin,
technicky relativné snadna. Je zalozena pievazné na morfologickych znacich vegetativnich
bunck, kjejichz hodnoceni vétSinou postauji bézné techniky svételné mikroskopie
(LENZENWEGER 1996). Urceni taxonu tedy zpravidla nevyZzaduje zvlastni preparacni postupy,
upravy vzorkl nebo dlouhodobé kultivace.

S ohledem na studium oligotrofnich moktadu, pfedev§im pak kyselych raselinist’, je
tteba jeste zduraznit, Ze krasivky pro tento typ prostfedi predstavuji jednu z charakteristickych,

(ko)dominantnich slozek mikrofléry (COESEL & MEESTERS 2007; CERNA & NEUSTUPA 2010).
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3.3 Systematické vymezeni studované skupiny

V souvislosti s vyvojem systematiky zelenych tas se pojeti krasivek jako urcité biologické a
taxonomické jednotky pribézné ménilo. Pod souhrnnym oznafenim ,.krasivky* tak mulzeme,
zejména ve starsi literature, nalézt rizné definované a rizné Siroké okruhy tas (RUZICKA 1977).
Z tohoto ditvodu je tedy vhodné systematicky vymezit skupinu organismt, kterou se zabyvaji
ptispévky pfiloZzené v disertacni praci.

Co se tyCe tfidéni na trovni vy$Sich taxonomickych jednotek, je postaveni krasivek
v systému pomérné jasné a stabilni; na rozdil od fady jinych mikroorganismi se v minulosti
pfili§ neménilo. Témét v jakémkoliv pojeti krasivky zcela jednoznaéné patii mezi pravé rostliny
(fiSe Plantae), a to do velmi specifické a dobie definované skupiny spéjivych fas
(Conjugatophyceae/Zygnematophyceae), kterda na urovni tfidy ¢i fadu figuruje v riznych
botanickych systémech jiz mnoha desetileti (pfehled riznych systéml uvadi napi. KALINA
1997). Urcité zmeny v postaveni krasivek v systému prakticky odpovidaji zejména presunlim
celé skupiny spajivych fas v ramci fiSe Plantae a izce souviseji s vyvojem nazort na fylogenezi
rostlin, pfedevSim na vyvojové vztahy mezi zelenymi fasami a tzv. vys$§imi rostlinami. Po
dlouhou dobu byly spéjivé fasy soucasti Siroce pojatého odd€leni zelenych tas (Chlorophyta
s.l.), které vSak bylo postupné shleddano vyvojové znacné heterogennim. V relativné nedavné
dobé znéj byly spajivé tasy spolu s nékolika dalSimi skupinami vyclenény - na zékladé
hodnoceni pribéhu mitéozy a cytokineze, molekuldrnich znakti a nékterych znakt
submikroskopickych (naptf. usporadani tylakoidi v chloroplastech). Vy€lenéné skupiny jsou
podle téchto analyz mnohem vice piibuzné mechorostim a cévnatym rostlindm, s nimiz
spole¢né tvoti jednu vyvojovou linii (Streptophytae) zelenych rostlin. Tyto ,,progresivni zelené
fasy (véetné krasivek) byvaji nyni sdruzovany do nového oddéleni s nazvem Charophyta.
Ostatni, primitivngj$i zelené ftasy jsou pak povazovany za slepou vyvojovou linii
(Chlorophytae) zelenych rostlin s jedinym oddélenim Chlorophyta s.s. (LENZENWEGER 1996;
FRIEDL 1997; LEWIS & MCCOURT 2004; KALINA & VANA 2005).

Z vySe uvedeného tedy vyplyvda, Zze krasivky vzdy predstavovaly urcitou skupinu
vramci spajivych fas, dnes vétSinou hodnocenych na urovni tfidy (Conjugatophyceae/
Zygnematophyceae). Konkrétni vymezeni krasivek se proto vzdy odvijelo od zptsobu vnitiniho
systematického Clenéni této nadiazené jednotky. Zpocatku pfitom mély rozhodujici vyznam
zékladni morfologické znaky (celkové utvareni téla), postupné vSak nabyla vétsi dulezitosti
struktura bunééné stény a v soucasné dobé pak vysledky molekuldrnich analyz (GONTCHAROV

2008). Behem dlouhé doby studia spajivych fas tak vznikla fada riznych pojeti krasivek. Zde
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bude zminéno pouze nékolik nejvyznamnéjSich (modelovych), které ve svém piehledu uvadi
napt. RUZICKA (1977).

Conjugatophyceae lze nejjednodussim zplisobem rozdélit podle typu stélek na vlaknité
(vicebunécné) a kokalni (jednobunééné). Z tohoto jednoduchého morfologického hlediska vyslo
ptivodni Siroké pojeti krasivek (Desmidiales s.1.) jako skupiny zahrnujici vSechny jednobunécné
spajivé tasy. Takto byly krasivky vymezeny jiz v zdkladni desmidiologické monografii The
British Desmidieae (RALFS 1848), kterd byla pozd¢ji oznacena za vychozi publikaci pro jejich
nomenklaturu. Do této monografie byly ovSem navic zarazeny i nekteré dalsi fasy, krasivkam
nepiibuzné, ale podobné tvarem bunck.

KRIEGER (1933) v ramci tfidy spajivych fas stale chapal vSechny jednobunécné zastupce
jako jedinou skupinu (fdd Desmidiales, krasivky) tvotici protéjSek vic¢i ostatnim spajivkam
s vlaknitou stélkou. Noveé vSak zavedl déleni krasivek do tfi ¢eledi, a to na zakladé hodnoceni
stavby a struktury bunééné stény, vcetn€ piitomnosti port. Tak byly rozliSeny celedi
Mesotaeniaceae (bunécna sténa celistva a hladka, bez pdri), Gonatozygaceae (sté¢na zdanlive
celistva, opatfena poéry) a Desmidiaceae (sténa zietelné dvoudilnd nebo vicedilna, opatfena
pory).

K presnéjSimu vymezeni krasivek sméfovala klasifikace, kterou pouzila KOSSINSKAJA
(1952). Princip zakladniho rozdéleni spdjivych fas zde jiz nespocival v typu stélky (kokalni vs.
vlaknité tasy), ale predev§im ve stavbé bunécné stény. V tomto smyslu byly rozliSeny dvé
hlavni skupiny spdjivek (dokonce na taxonomické urovni tfid): Saccodermae s celistvou
bunécnou sténou a Placodermae se sténou tvoienou dvéma nebo i vice dily. Ttida Placodermae
obsahovala jediny fad Desmidiales - krasivky. Oproti pfedchozimu pojeti uz tedy mezi krasivky
nepatfily jednobunééné tasy bez viditelné segmentace bunééné stény. Ty byly v podobé tadi
Mesotaeniales a Gonatozygales ptesunuty do blizkosti vlaknitych spéjivek (Zygnematales), do
ttidy Saccodermae. Uvedeny princip tfidéni jiZ ve své podstaté odpovidal klasifikaci spajivych
fas, kterd je hojné¢ vyuzivana v dnesni dobé. Snad jedinou jeho vyraznéjsi slabinou jesté bylo
umisténi skupiny Gonatozygales mezi spdjivky s celistvou bunéénou sténou (RUZICKA 1977).

Mezi klasickymi systémy spdjivych fas, pfedevS§im krésivek, je pravdépodobné
nejvystiznéjsi variantou tfidéni podle MIXOVE (1972), které mimo jiné odrazi také vyznamné
rozdily v ultrastruktuie bunécné stény, zjisténé pomoci elektronové mikroskopie. S timto
tfidénim zaroven Uizce souvisi vymezeni tzv. pravych krasivek (fdd Desmidiales s.s.), které lze
definovat jako jednobunécné spdjivé tasy s dvoudilnou nebo vicedilnou bunécnou sténou
opatienou pdry a €asto 1 vyraznou povrchovou ornamentaci. Kritéria vymezujici krasivky jsou

zde v podstaté stejna jako v pfedchozim systému (KOSSINSKAJA 1952), ale obsah skupiny se lisi
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zahrnutim Celedi Gonatozygaceae - diive samostatného tfadu Gonatozygales. Odpovida to
zjisténi MIXOVE (1972), Ze bunécna sténa zastupci Gonatozygaceae neni celistva, ale ve
skutecnosti slozend z vice dild, rozliSitelnych vSak vétSinou az na mrtvych nebo délicich se
burikach. Navic také obsahuje pory a povrchovou ornamentaci, coZ neni znamo u zastupcu fadu
Zygnematales (Mesotaeniaceae a Zygnemataceae). Uvedena klasifikace spajivych tas byla
prevzata RUZICKOU (1977, 1981) a nasledné i autory dalSich stézejnich monografii, zamétenych
na determinaci krasivek - napt. De Desmidiaceeén Van Nederland (COESEL 1982a, 1983, 1985,
1991, 1994, 1997), Desmidiaceenflora von Osterreich (LENZENWEGER 1996, 1997, 1999, 2003).
Klasifikace spdjivych fas bézné€ pouzivana v téchto publikacich ma tedy nasledujici podobu:

« tfida: Conjugatophyceae

* fad: Zygnematales » fad: Desmidiales
- Celed: Mesotaeniaceae - podiad: Archidesmidiineae (Closteriineae)
- Celed’: Zygnemataceae - ¢eled’: Gonatozygaceae

- Celed’: Peniaceae
- Celed’: Closteriaceae
- podiad: Desmidiineae
- Celed’: Desmidiaceae
Prezentované vymezeni pravych krasivek (Desmidiales sensu Mix 1972) se 1 v soucasné
dob¢ jevi jako velmi stabilni - postupné bylo podpofeno objevenim dalSich, fylogeneticky
vyznamnych znakl, které tuto skupinu dobfe charakterizuji. Jednd se napf. o pribch
cytokineze: u Desmidiales je oddéleni dcefinnych protoplastl zajiStovano pouze centripetalnim
vrastanim délici ryhy (septa), zatimco u Zygnematales se krom¢ toho uplatituje také zvlastni
mikrotubularni systém (fragmoplast). Fylogenetické analyzy na molekularni drovni jiz
nékolikrat prokazaly monofyleticky ptivod pravych krasivek. Rad Zygnematales byl naopak
shledéan jako parafyleticky, takze jeho systematické pojeti v budoucnu pravdépodobné prodéla
ur¢ité zmeény (KALINA & VANA 2005; GONTCHAROV 2008).
Problematiku vymezovani skupiny krasivek vystizné¢ shrnul RUZICKA (1977). Uvadi, ze
v némecky psané literatufe je oznaceni ,,.Desmidiaceen nebo ,Zieralgen* v soucasnosti
pouzivano vétSinou dvojim zplisobem: 1/ pro vSechny jednobunétné spdjivé tasy (fad
Desmidiales s.l. - tj. Desmidiales + Mesotaeniaceae sensu Mix 1972); 2/ pouze pro
jednobunééné spajivky s dvoudilnou bunécnou sténou (pravé krasivky, fad Desmidiales s.s. - tj.
sensu MIX 1972). S ¢eskym nazvem ,,krasivky* se zjevné naklada podobnym zptsobem.
Sirsi pojeti krasivek je z dne$niho pohledu nepfesné, aviak tradiéni a silné vZité, takze i

fada soucasnych desmidiologickych praci (pokud nemaji primdrné taxonomicky charakter) se
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zabyva takto vymezenou skupinou. V souladu stimto obecné rozsifenym trendem byla 1
v ramci predlozené disertacni prace na vybranych lokalitdich studovéana diverzita Desmidiales
s.l. (Ptispévky L, II a III). Zejména pro ekologicky zamétené vyzkumy muze byt volba SirSiho
studijniho okruhu krasivek velmi ucelna. Jiz diive uvedené praktické dlivody vyuzivani
krasivek v biomonitoringu se vztahuji na zastupce Mesotaeniaceae stejn¢ dobie jako na tzv.
pravé krasivky. Uvazime-li navic, Ze na nékterych specifickych moktadnich biotopech (jako
jsou napt. kyseld, zZivinami chudd vrchovisté¢) mohou byt zéastupci Mesotaeniaceae mezi
krasivkami dominantni (LENZENWEGER 1996), znamenalo by jejich vylouceni ze studované
skupiny ztratu podstatné casti indikac¢nich hodnot, které jsou k nim vztaZzeny (napt. COESEL

1998; STASTNY 2010).

3.4 Morfologicka variabilita krasivek

Hodnoceni diverzity kréasivek urcitého Uzemi, zn¢hoZz vychazi i tato disertani prace, je
v podstaté téméef vzdy viceméné hodnocenim morfologické variability pfitomnych jedincg.
Zcela zamérné se tak déje pii posuzovani diverzity na urovni tzv. morfologické disparity
(NEUSTUPA et al. 2009). Plati to vSak i v ptipad¢ diverzity ve smyslu druhové bohatosti, protoze
tradi¢ni (a stale uplatiiovand) taxonomie krasivek je zaloZena piedev§sim na morfologickych

znacich (RUZICKA 1977; KOUWETS 1988; STASTNY 2010).

3.4.1 Zakladni aspekty morfologie krasivek
Krasivky jsou jednobunécné fasy s kokalnim typem stélky, ktera je pokryta silnou a pevnou
celuldzni sténou, sloZzenou ze dvou nebo vice dild. Vétsinou ziji jednotliveé, ale nékteré rody a
druhy se vyznacuji také organizaci bun¢k do snadno rozpadavych vlaknitych, piipadné i jinak
tvarovanych kolonii (RUZICKA 1977; KALINA & VANA 2005). Krasivky obecné vynikaji svou
vzhledovou atraktivitou a velmi pestrou Skalou tvarovych forem. V celkovém obrysu se tvary
bun¢k pohybuji od témét kulovitych po diskovité, vietenovité nebo tyCkovité. Spektrum
morfologickych typi je dale rozsifeno jednak rtiznorodym utvarenim bunécnych okraji, které
byvaji Casto vykrajované nebo opatiené¢ vybézky, jednak ornamentaci bunécéné stény, na niz
mohou byt vytvofeny geometrické vzory z hrboldi, granuli ¢i ostni (LENZENWEGER 1996).
Velikost (resp. délka) jedinct spada ptiblizn€ do rozmezi 10 az 1700 pm (RUZICKA 1977).
Néapadnym morfologickym rysem kréasivek je bilateralni symetrie téla, kterd mize byt
vyvinuta v rizné mite. V typickém pifipad¢ je patrnd uz na vnéj$im obrysu, kdy je buiika diky
zietelnému stfedovému zarezu (tzv. sinus) roz¢lenéna v souladu s dvoudilnosti stény ve dvé

zrcadlové symetrické poloviny (tzv. semicely). Ziuzena stiedova cast builkky ma pak charakter
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jakéhosi plazmatického mistku (tzv. isthmus). Bilateralni symetrie se dale odrazi také ve
vnitinim uspotfadani buniky - zejména v ulozeni a tvarovéani chloroplastii. Takto vyrazné
dvoustranné ¢lenéni je charakteristické pro druhové nejbohatsi celed’ Desmidiaceae (napt. rody
Cosmarium, Euastrum, Micrasterias, Staurastrum), tedy pro velkou vétsinu krasivek. U dalSich
skupin (Gonatozygaceae, Peniaceae, Closteriaceae) neni typicky stiedovy zarez vytvoren, takze
optické Clenéni buriky na dvé Casti je méné vyrazné. Presto lze 1 tak vétSinou rozliSit dve
symetrické semicely - zejména v ptipad¢ jedinci s dvoudilnou sténou, kde je rozhrani mezi
semicelami ddno mistem styku obou polovin stény. U jedinct, kteti vSak béhem svého ristu
vytvareji dalsi segmenty bunécéné stény, byva soumérné déleni na semicely viceméné potlaceno.
Bilateralni symetrie ale zlstava zpravidla zachovana ve vnitinim rozlozeni organel (RUZICKA
1977; KALINA & VANA 2005).

Kromé uvedené bilaterdlni symetrie vykazuje vétSina krasivek navic je§t€¢ soumérnost
podle rovin prolozenych apikalni (podélnou) osou buriky (RUZICKA 1977; KALINA & VANA
2005). V zavislosti na celkovém poctu téchto vertikalnich rovin je rozliSovano nékolik
morfologickych typt krasivkovych bunék, jak uvadi napt. RUZICKA (1977). Nejvyssi stupen
symetrie maji v tomto ohledu tzv. omniradidtni buriky, které jsou na pticném prifezu piesné
kruhové a ve sméru apikdlni osy proto symetrické podle nekone¢ného mnozstvi vertikdlnich
rovin (napt. Actinotaenium, Penium). Mnohem castéjsi jsou vSak burnky souhrnné oznacované
jako anguloradiatni, u nichz je pocet vertikdlnich rovin soumérnosti limitovan. Podle
konkrétniho poctu rovin jsou pak rozeznavany: (a) buriky biradidtni - symetrické podle dvou
vzajemné kolmych vertikdlnich rovin, na ptficném prifezu eliptické (napt. Cosmarium,
Euastrum, Micrasterias); (b) bunky polyradiatni (tri-, kvadri-, pentaradiatni atd.) - symetrické
podle vice nez dvou vertikdlnich rovin, na pficném prutrezu hvézdovité (napt. Staurastrum).

Kazda krasivkova burika obsahuje vzdy jedno jadro, které je umisténo zpravidla v jejim
sttedu - v mist¢ styku obou semicel (KALINA & VANA 2005). Nejnapadnéj$imi vnitinimi
organelami jsou ovSem rozmérné chloroplasty. Podobné jako u vétSiny jinych zelenych ftas
obsahuji vyrazné pyrenoidy a vlivem pievazujiciho zastoupeni chlorofyli a + b mezi
fotosyntetickymi pigmenty maji jasné¢ zelenou barvu (HINDAK 1978; KALINA & VANA 2005).
Zpravidla jsou dosti slozité¢ a symetricky tvarované a v ramci krasivek vyrazné morfologicky
diverzifikované. Obvykle se v burice nachdzeji dva chloroplasty (v kazdé semicele jeden),
ulozené zrcadlové proti sob¢; velmi malé buiiky ale mivaji chloroplast pouze jeden. Pro vétsinu
kréasivek jsou typické tzv. axidlni chloroplasty, vypliujici pfedev§im stiedovy prostor buiky
(resp. semicely) v oblasti jeji podélné osy. U mensiho poctu druhli jsou pak vyvinuty

chloroplasty parietalni, probihajici tésn¢ pod bunénym povrchem. Obecné lze fici, Ze
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morfologie a poloha chloroplastii jsou ptizpisobeny jednak tvaru piislusné buiiky, jednak
potieb¢ zachytit co nejveétsi mnozstvi dopadajiciho svétla pro optimalni pribéh fotosyntézy. V
plochych buiikkdch byvaji proto pfitomny deskovité chloroplasty s vyraznymi, vidli¢naté
rozeklanymi plochymi laloky. U vélcovitych bunék maji zase chloroplasty podobu rotacniho
télesa s kruhovym prifezem, jehoz povrch je bohaté roz¢lenén do zeber ¢i laloki smétujicich

k periferii buiiky (ROZICKA 1977; KALINA & VANA 2005).

3.4.2 Problematika hodnoceni morfologické variability

Jak bylo jiz zminéno, tradi¢ni taxonomie (a tedy i determinace) krasivek je zaloZena prevazné
na morfologickych znacich. Mezi hlavni z nich patii rozméry, celkovy obrys a pfesny tvar
bungk, struktura a povrchova ornamentace bunécné stény, utvafeni a poloha chloroplastu, pocet
a umisténi pyrenoidd (RUZICKA 1977; HINDAK 1978). Obecnym problémem morfologicky
koncipované systematiky u fady skupin organismil je v§ak popis novych taxoni (a nejednotné
pojimani taxond stavajicich) na zaklad¢ nepodstatnych morfologickych odlisnosti. U krasivek
je tento trend obzvlasté silny diky jejich Siroké a vyrazné morfologické variabilité, ktera se
projevuje nejen v ramci celé skupiny, ale Casto téz uvnitf jednotlivych populaci jako ptirozena
plasticita dané¢ho taxonu (RUZICKA 1977; KOUWETS 1988; STASTNY 2010). Uvedené
problematiky se dotyka i jeden z ptispévkill zahrnutych v této disertacni praci (Ptispévek II).

Jak ve své monografii zdlraziuje RUZICKA (1977), pro popis samostatnych taxont jsou
relevantni pouze morfologické odchylky zaloZené na takovych znacich, které jsou v populaci
stabilni a geneticky fixované. V fad€¢ desmidiologickych praci (zejména starSiho data) byly v§ak
Casto za nové taxony (zejména variety a druhy) nespravné oznaCovany prakticky jakékoliv
morfologické odlisnosti. Dé€lo se tak v disledku nedostate¢ného poznani ptirozené variability
v populacich, kdy byla jako zaklad k popisu ,,nového* taxonu pouzita tieba jen jedina nalezena
buiika nebo dokonce jedind semicela. Pfehled jmen a cely systém krasivek diky tomu postupné
narostl do zna¢né neptehledného, i pro specialistu obtizné obsdhnutelného souboru (RUZICKA
1977; KOUWETS 1988; COESEL & KRIENITZ 2008). Nékteré taxony jiz byly pozdéji kriticky
revidovany na zdklad¢ detailniho studia morfologické variability v Sir§ich populacich
(KOUWETS 1988).

Hlavni (vysvétlitelné) slozky morfologické variability v populacich krasivek, které jsou
zéaroven hlavnimi pfi¢inami nadbyte¢ného popisu taxond, lze shrnout do tfi nasledujicich
skupin. Prvni znich tvofi rizné teratologicky pozménéné exempléfe, oznaCované jako
monstrozity nebo anomalie, které byvaji od standardnich jedinct celkem jasné odliSitelné diky

svym napadnym morfologickym rysim. Zejména v prostfedi s extrémnimi Zzivotnimi
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podminkami se mohou nékdy vyskytovat spomémé velkou frekvenci (RUZICKA 1977,
vznikajici jako adaptivni reakce na zmény vnéjSich podminek, které vSak nejsou v populacich
stalé (dédicné) a cCasto byvaji prokazateln¢ reverzibilni. Narozdil od anomadlii vytvareji
ekomorfy vramci urcitého taxonu v podstaté kontinudlni morfologickou tadu. Mnohé
morfologické znaky (napt. velikost a tvar bun€k) totiz projevuji napti¢ populacemi plynulou
proménlivost v zavislosti na taktéz plynulych zméndch hodnot diilezitych environmentalnich
faktor (RUZICKA 1977; NEUSTUPA et al. 2008; CERNA & NEUSTUPA 2010). Znacna cast
morfologické variability (kontinudlni i diskontinudlni) v populacich krasivek je pak jeste
vysledkem ontogenetického vyvoje. Vyrazné (diskontinudlni) odchylky od ,,standardniho*
vzhledu jedincii vtomto piipadé odpovidaji specifickym vyvojovym stadiim, spojenym
s reprodukci. Zejména burky, které vznikaji piimo kliCenim zygospory a jest¢ neprojdou
procesem déleni, se n¢kdy zfetelné odliSuji od nésledujicich generaci vegetativnich bunék,
pfipadné jsou jim zcela nepodobné. VétSinou maji jednodussi tvar a nedostatecné vyvinutou
(nebo uplné€ chybéjici) ornamentaci stény. Podobné redukované byvaji na pocatku svého vyvoje
rovnéZ semicely, které se nove vytvareji po déleni bun¢k. U nékterych polyradidtnich kréasivek
se také Casto na nové formovanych semicelach oproti semicelam plvodnim meéni pocet
»paprski® (vertikdlnich rovin soumérnosti). Vegetativni buriky rtizného staii mohou podobné
jako ekomorfy tvofit v populaci kontinualni morfologickou tadu. Star§i jedinci maji oproti
mladS$im cCasto napt. vét§i rozméry, silngj$i bunécnou sténu (a tim i zfetelnéj$i povrchovou
strukturu, ornamentaci, piipadné¢ vyraznéj$i postranni laloky) nebo intenzivnéj$i zbarveni
v disledku postupujici inkrustace stény solemi Zeleza a manganu (RUZICKA 1977).

Obecné lze tici, Ze o taxonomické nevyznamnosti ur¢itych morfologickych odchylek
svédéi existence rlznych prechodnych forem a dichotypickych bunek (slozenych
z morfologicky rozdilnych semicel) a dale téz cCasté opakovani stejného typu odchylky u
velkého poctu druhti (RUZICKA 1977). Vyskytuji se vSak i1 piipady, kdy morfologické formy
typové odpovidajici béznym, nevyznamnym odchylkdm jsou v populaci geneticky fixované a
tedy stabilni. V tomto pfipadé mohou byt hodnoceny jako samostatné taxony (RUZICKA 1977;
KOUWETS 1988; COESEL & KRIENITZ 2008). Spravné pojeti morfologické variability krasivek a
snim spojené vymezovani jednotlivych taxonu je tedy Casto obtizné a k jeho vyfeSeni je

zapotiebi aplikace molekuldrnich analyz (GONTCHAROV 2008).
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3.5 Zakladni aspekty biologie krasivek

Podobné jako pro vétSinu ostatnich skupin tfas je 1 pro krasivky typicky haplontni zivotni
cyklus. Jeho jedinou diploidni fazi ptedstavuje zygota (ve zralém stavu zygospora), v niz pred
klicenim dochézi k meiotickému déleni, takZe nasledujici vegetativni stadia jsou vZdy haploidni
(HINDAK 1978; KALINA & VANA 2005).

Ptevazujicim zplsobem rozmnozovani je u krasivek nepohlavni déleni bunék na dvé
buiiky dcefinné. V jeho prvni fazi probiha mitéza, béhem niZ se matetskd burika prodluzuje
v oblasti sttedového plazmatického mustku, kde se posléze nachazeji i nova jadra. Po ukonceni
mitézy mezi né vstupuje délici ryha, kterd nakonec Upln€ oddéli obé dcetfinné bunky. Kazda
znich je tvofena jednou pivodni (star$i) a jednou novou (postupné doristajici) semicelou
(KALINA & VANA 2005).

Velmi specificky je u krasivek (a obecné u vSech spdjivych fas) pribéh pohlavniho
rozmnozovani formou tzv. konjugace (spajeni), pfi niZ se nevytvafeji specializované volné
gamety, ale splyvaji celé protoplasty vegetativnich bun¢k. Konjugace probihd zpravidla pouze
mezi dvéma heterothalickymi jedinci, ktefi reprezentuji odli§né parovaci typy (mf", mf).
Konjugujici butiky se k sobé pfiblizi a v misté ptekryvu svych bunéénych stén se rozeviou nebo
mezi sebou vytvoii kratky kopula¢ni kandlek. Do tohoto prostoru mezi buiikami vstupuji
protoplasty, schopné améboidniho pohybu a splyvaji zde za vzniku zygoty. Zygota vcelku
rychle dozrava v tlustosténnou zygosporu, kterd predstavuje odolné klidové stadium,
uzplsobené k preziti neptiznivych podminek. Po urcité dobé klidu zygospora kli¢i v jednu nebo
dvé nové haploidni buriky. Oproti vegetativnim bunikdm obsahuji zygospory zvySené mnozstvi
rezervnich latek a jsou obaleny silnou sténou, ktera je slozena ze tfi vrstev a Casto miva
napadnou povrchovou strukturu. Charakteristicky tvar a povrchova struktura zygospor jsou
nékdy dilezitymi determina¢nimi znaky, zejména u druh obtizn€ rozpoznatelnych ve
vegetativnim stavu. Ndlezy zygospor vSak byvaji pomérné vzacné, coz ukazuje na skutecnost,
ze pohlavni reprodukce v populacich krasivek neprobiha piilisS casto. Jednim z moznych
divodi muize byt nedostatek heterothalickych kment v populacich (RUZICKA 1977; HINDAK
1978; KALINA & VANA 2005; COESEL & KRIENITZ 2008).

3.6 Ekologické preference a diverzita krasivek

Krasivky tvoti skupinu typicky sladkovodnich organismi, mezi nimiz neni zndm zadny ryze
moftsky zéstupce; pouze mensi pocet druhli byl zaznamenan také ve slabé brakickych vodach,
vétSinou s obsahem NaCl do 5%o. V ramci vazby na sladkovodni prostfedi obyvaji krasivky

témér vSechny jeho typy, skrze které jsou rozsiteny prakticky po celém svété (RUZICKA 1977;
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HINDAK 1978; LENZENWEGER 1996). Celkova diverzita skupiny, a to druhova i morfologicka,
je vSak mezi rtzné biotopy distribuovana dosti nerovnomérné v dasledku pievazujicich
preferenci a specifickych adaptaci krasivek viic¢i dilezitym ekologickym parametrim (COESEL
1982b; COESEL 1998; NEUSTUPA et al. 2009). V nésledujicim textu jsou zminény piedevs§im ty
ekologické preference, k nimz se vztahuji desmidiologické prizkumy vybranych mokiadnich
lokalit prezentované v této praci - tedy prazkumy horskych raselinist’ (Piispévky 1 a II) a

ptibfeznich zén rybnika (Prispévek I1I).

3.6.1 Vztah k mnoZstvi vody v prostredi

Moktady jsou ekosystémy vice ¢i méné¢ prechodného charakteru mezi typicky vodnim a
terestrickym prostfedim (POKORNY 2004). Kolisavému obsahu vody v prostoru a ¢ase odpovida
1 variabilita v utvareni spolecenstev krasivek osidlujicich konkrétni mokiady a jejich dil¢i ¢asti
(mikrohabitaty). Ackoliv velkd vétSina krasivek je svym vyskytem véazand pifimo na vodni
télesa, byt tfeba jen drobnd a mélka, nékteré druhy jsou schopny rist i v dostateéné
mokrém/vlhkém vzdusném prostiedi, piipadné¢ je dokonce preferuji. Tyto nemnohé druhy
byvaji z hlediska klasifikace zivotnich forem krasivek oznacovany za (sub)atmofytické nebo
(sub)aerofytické. Ziji v tenkém vodnim filmu, ktery se (periodicky) vytvafi na povrchu,
pfipadné uvnitf substrati jako jsou napi. pida, mechy nebo smacené skaly (RUZICKA 1977;
COESEL 1998; LENZENWEGER 1996, 2003; STASTNY 2010).

Spolecenstva krasivek v (sub)atmofytickych mikrohabitatech se obecné vyznacuji velmi
nizkou druhovou diverzitou. Rovnéz z morfologického hlediska byvaji znacné unifikovana,
nebot’ se v nich uplatiiuji pouze urcité typy krasivek, adaptované na periodické vysychani
vnéjsiho prostiedi. Jedna se o tvarové jednoduché (vétSinou omniradiatni, kratce cylindrické)
zastupce, jejichz buiiky maji maly pomér povrchu ke svému objemu, vytvaieji tlustou bunéénou
sténu a vyrazny slizovy obal (COESEL 1982b; STASTNY 2008). Dalii ekologickou vyhodou
omniradiatnich krasivek oproti vyrazné zplostélym (biradiatnim) je v atmofytickém prostiedi
ziejmé jejich mensi zavislost na sméru dopadajiciho svétla, coz mize mit velky vyznam
zejména pii obsazovani ¢lenitého Zivotniho prostoru mezi listky mechti (COESEL 1982b).

Typickd (sub)atmofytickd spolecenstva krasivek byla vradmci této disertacni préce
zaznamenana pii studiu sudetskych raselinist’ (Pfispévky I a II), kde nartstaji na relativné
susSich plochach (lawns, bulty) se souvislym vegetaénim krytem raselinikli, $achorovitych,
viesovcovitych a brusnicovitych rostlin. V souladu s vySe uvedenymi charakteristickymi rysy
jsou tvofena malym poctem tvarové jednoduchych druhil, zejména =zastupci rodi

Actinotaenium, Cylindrocystis a Mesotaenium.
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Se stoupajicim obsahem vody v prostfedi se do urCité miry zvySuje druhova 1
morfologickd diverzita spoleCenstev a objevuji se dalsi zivotni formy kréasivek, které jsou
vazany na ruzné typy vodnich téles a/nebo rizné mikrohabitaty uvniti vodnich téles. Bohatsi
spoleCenstva se pfitom vytvareji predevSim ve vodach stojatych; v rychle tekoucich jsou
krasivky mnohem mén¢ zastoupeny (HINDAK 1978; LENZENWEGER 1996).

Hlavnim zivotnim prostorem vétSiny krasivek je oblast dna (bentél), resp. jeho dobie
prosvétlené partie, osidlované spoleCenstvy fytobentosu. Krasivky zde spolu s dal$imi fasami a
sinicemi porustaji rizné podklady jako jsou vodni rostliny (epifyton), ponofené kusy dieva
(epixylon), kameny (epiliton), zrnka pisku (epipsamon) ¢i jemné sedimenty dna (epipelon)
(RUZICKA 1977; LELLAK & KUBICEK 1992; POULICKOVA 2011). Takto rostouci zastupci byvaji
v piehledech ekologickych narokl souhrnné oznacovani za taxony s bentickou Zivotni formou
(COESEL 1998; STASTNY 2010). K substratu se pfichycuji spiSe volng, pomoci rozliénych
vyrastk a slizovité hmoty. Nékteré druhy pfilnou k substratu celym slizovym obalem, jiné
vylucuji sliz velkymi pdry umisténymi v apikalnich ¢astech buné¢k, takZe bunky jsou pak
jednim koncem ptilepeny k podkladu a druhym se vznaseji ve vodé (RUZICKA 1977). Hloubka
dna osidleného krasivkami zavisi predevSim na kvalité a intenzité pronikajiciho svétla, protoze
krasivky jsou podobné jako i jiné zelené fasy velmi citlivé na jeho nedostatek. Ve vétSich
hloubkach (né€kolik desitek metrii) pfezivaji pouze v mimoradné cistych vodach s vysokou
prihlednosti, napt. ve vysokohorskych jezerech. Hojné se naopak vyskytuji v mélkych vodach
jako jsou drobné tunky, Slenky a kaluZe; v ramci objemnéjSich vodnich téles se pak nachéazeji
v jejich litoralni z6n€ nebo na submerzni vegetaci blizko pod vodni hladinou (RUZICKA 1977;
LENZENWEGER 1996).

Mezi krasivkami se témét nevyskytuji pravé planktonni (euplanktonni) formy, které
pfednostné obyvaji oblast volné vody (pelagidl) ve vétSich vodnich télesech - napft.
v piehradnich nadrzich, rybnicich a jezerech. Vyrazngj§i =zastoupeni krésivek ve
spolegenstvech fytoplanktonu je proto spiSe vzacnym, sezénnim jevem. Cetné druhy viak
byvaji do vodniho sloupce celkem snadno pasivné uvoliiovany z bentického prostiedi (zejména
vlivem vodnich turbulenci), mnohdy jsou zde schopny del§i dobu setrvavat a vegetativné se
mnozit. Tyto krésivky pak pifedstavuji spiSe nepravy plankton, nazyvany téz tychoplankton
(RUZICKA 1977; LENZENWEGER 1996, 2003; POULICKOVA 2011). Odliseni pravych
planktonnich taxont od zéastupcti tychoplanktonu mize byt n€kdy obtizné diky morfologické
plasticité¢ projevované pii pfechodech mezi odliSnymi typy Zivotniho prostoru. U krasivek

vV

tvarové modifikace (v podstaté ekomorfy), které jim usnadniuji vznaSeni ve vodnim sloupci. K
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témto adaptacim na planktonni zptsob zivota patii hlavné prodlouzeni buiiky, jejich koncu
nebo jinych c¢asti (vybézki, postrannich laloki, ostntl), redukce drobnych strukturnich prvki
(povrchové ornamentace) a tvorba Sirokého slizového obalu. Po névratu do bentického prostedi
se zpravidla postupné obnovuje plivodni tvar bunék (RUZICKA 1977; COESEL 1982b). Obecné
lze fici, ze planktonni Zivotni forma byva v prehledech ekologickych naroka piifazovana tém
taxoniim, které jsou predev§im nachazeny v planktonu vétSich vodnich téles a vétSinou se také
vyznaduji uvedenymi morfologickymi rysy (COESEL 1998; LENZENWEGER 2003; STASTNY
2010).

Vzhledem k obecné preferenci drobnych mélkych vod, ktera se promitd do prevazujici
bentické (piip. benticko-planktonni) Zivotni formy je tedy mozné krasivky povazovat za typicky
mokfadni skupinu organismii. V ramci této disertaéni prace byla na studovanych moktadech
hlavni pozornost vé€novédna pravé mélkym vodnim utvarim, které disponuji nejvhodnéjSimi
podminkami k rozvoji spolecenstev kréasivek. V piipadé raSelinis§t’ (Pfispévky I a II) byly
druhové nejbohatsi vzorky ziskany ze Slenkti a mélkych jezirek sjemnym sedimentem a
submerzni makrofytni vegetaci, kde je pro pievazné bentické formy krasivek vytvoreno celkem
Siroké spektrum vhodnych substrati. Plankton vétSich a hlubokych raSeliniStnich jezirek
(blank®) byva naproti tomu z hlediska vyskytu krasivek dosti chudy. Prizkum litoralnich z6n
rybnika (Piispévek III) byl pak vyhradn¢ zaméten na konkrétni benticky substrat - epipelon,
ktery (zejména pti slabém zastoupeni vodnich makrofyt) predstavuje pro krasivky v prostoru
vétSich vodnich téles jeden z nejvyznamnéjSich substratli. Kromé prevladajicich bentickych
taxoni, tvoficich autochtonni slozku epipelickych spolecenstev, 1ze v epipelonu jako alochtonni

prvky zaznamenat i sedimentované jedince planktonnich krasivek.

3.6.2 Vztah k hlavnim fyzikalné-chemickym parametrim

Hodnoceni antropické zatéze mokiadnich ekosystémil pomoci rozbori spolecenstev krésivek je
mozné diky specifickym, ¢asto jemné odstupfiovanym narokim fady taxonti na hodnoty
fyzikalné-chemickych charakteristik prostiedi. Sledujeme-li zejména plisobeni eutrofizace,
oligotrofizace ¢i acidifikace, je nutné vSimat si hlavné narokl na obsah Zivin, hodnoty pH a
konduktivity, které jsou spolu do zna¢né miry korelovany (viz Ptispévky I, II a III). U fady
taxontl jsou preference vuci témto faktorim pomérné dobie znamé a byvaji souhrnné uvadény
v ptehledech zakladnich ekologickych charakteristik krasivek (napf. COESEL 1998;
LENZENWEGER 2003; STASTNY 2010). Uvedené faktory soudasné predstavuji jedny z hlavnich
faktorii tidicich prostorovou distribuci druhové i morfologické diverzity kréasivek (COESEL

1982b; COESEL 1998; NEUSTUPA et al. 2009).
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Ve vztahu k reakci vody lze velkou vétSinu krasivek oznalit za viceméné acidofilni
organismy (RUZICKA 1977; HINDAK 1978; LENZENWEGER 1996). V¢étSina taxond mirného
klimatického pasu je pfitom vazana spise na slabé kyselé az neutralni prostiedi, s hodnotami pH
pfiblizné v rozmezi 5,0-7,0. Pomérné maly pocet taxoni s Uzce specifickymi ekologickymi
Podobné také v neutrdlnim az slabé alkalickém prostiedi (pH 7,0-8,5) mé své optimum celkem
maly podil krasivek; nékteré druhy vzacné snaseji dokonce 1 silngjsi alkalinitu, pti pH 11,0—
12,0 (sumarizovano podle RUZICKY 1977; LENZENWEGERA 1996, 2003; COESELA 1998).

Hlavni ekologicky vyznam reakce vody spociva v ovliviiovani nutricnich podminek na
stanovisti, protoze na koncentraci vodikovych iontli zavisi rozpustnost zdroji mnoha
biogennich prvki. V kyselém prostiedi je vyuzitelnost zédkladnich zZivin vyrazné¢ omezena - pii
hodnotach pH kolem 4,5 se zejména fosfor stdva limitujicim prvkem v dusledku vazby do
forem nedostupnych pro primérni produkci. Dal§im podstatnym efektem reakce vody je pfimé
toxické puasobeni vysoké koncentrace vodikovych nebo hydroxylovych iontd a také vliv na
toxické projevy jinych latek. Pi nizkém pH napftiklad roste koncentrace toxické formy hliniku,
A" (HINDAK 1978; LELLAK & KUBICEK 1992; POULICKOVA 2011). Z hlediska reakce vody a
souvisejicich parametrii jsou klasickym piikladem extrémnich biotopl horské vrchovisté. Jejich
prostiedi se pfirozené vyznacuje silnou kyselosti a oligotrofii, ktera je Casto jeSté prohloubena
antropickou acidifikaci (viz Ptispévky I a II, zaméfené na vrchovisté Jizerskych hor a Jesenik).

Spolecenstva krasivek, a podobné i dalSich fas a sinic, obyvajici (siln€) kyselé biotopy
jsou charakteristickd pomérné nizkym pocétem ptitomnych druht, které jsou ale casto
zastoupeny velkym mnozstvim jedinci (LENZENWEGER 1996). Za druhové bohatd lze v téchto
podminkach podle COESELA (1998, 2001) povazovat spoleCenstva krasivek obsahujici ptes 30
taxontll. Ke zmirnéni stresu vyvolaného hlavné ptisunem velkého mnozstvi vodikovych iontii do
bunck, jsou u krésivek v kyselém prostiedi vytvofeny rtizné adaptace. Kromé urcitych
fyziologickych mechanismii se jednd o morfologické rysy, které zajistuji snizeni poméru
bunééného povrchu k objemu a minimalizuji tak sty¢nou plochu vystavenou negativnim vliviim
vodikovych ionti (CERNA & NEUSTUPA 2010). Ve spolegenstvech silné kyselych moktadii jsou
proto vyrazné zastoupeny nebo zcela dominuji tvarové jednoduché taxony - vétSinou
omniradiatni cylindrické typy krasivek, které se zaroven dobie uplatiiuji v atmofytickém
prostiedi. S rostoucim pH pak ve spolecenstvech stoupa podil taxont s ¢lenitéjSimi buiikami
(COESEL 1982b; LENZENWEGER 1996; CERNA & NEUSTUPA 2010). Také v ramci jednotlivych
druhil byla prokazana schopnost ptizptsobit do ur€ité miry morfologii bunék zménam pH.

S klesajicimi hodotami pH je snizovan pomér bunééného povrchu k objemu, naptiklad
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prostiednictvim celkového zvétSovani bunék a/nebo zmiriiovanim tvarové Clenitosti semicel
(tendence ,,zakulacovani tvaru) (CERNA & NEUSTUPA 2010).

Co se tyCe narokli na obsah Zivin v prostfedi, byvaji v pfehledech ekologie krasivek
jednoduse vyjadiovany jako preferované stupné trofie (COESEL 1998; LENZENWEGER 2003;
STASTNY 2010). V zékladé se jedna o t¥i hlavni trofické typy sladkych vod (oligo-, mezo-,
eutrofni), které na sebe plynule navazuji a jsou viceméné korelovany s hodnotami pH a
konduktivity. RozliSovani téchto typl je zalozeno pfedev§im na koncentraci hlavnich Zzivin
(zejména N a P), vyuzitelnosti jejich forem, vzdjemném poméru N:P a na intenzité primarni
produkce, piicemz jsou tato kritéria v riznych klasifika¢nich systémech zohlediiovana odlisnou
meérou. Oligotrofni vody jsou zivinami chudé (celkovy obsah N = 0,25-0,60 mg/l; celkovy
obsah P = 0,005-0,01 mg/l), soucasné zpravidla i kyselé a vykazuji nizkou produkci organické
hmoty. Vody mezotrofniho typu se vyznacuji spiSe stfedni koncentraci zivin (TN = 0,50-1,10
mg/l; TP = 0,01-0,03 mg/1), Casto téZ mirnou kyselosti a produkci biomasy. Eutrofni vody jsou
pak charakterizovany vysokym obsahem zivin (TN = 1,00-2,00 mg/l; TP = 0,03-0,10 mg/l),
vétSinou také vys$simi hodnotami pH (v alkalické oblasti) a velkou produkei biomasy (HINDAK
1978; LELLAK & KUBICEK 1992; COESEL 1998; YANG et al. 2008; POULICKOVA 2011).

Obecné lze tici, Ze krasivky preferuji Cisté vody (resp. mokiady) s niz§im obsahem
zivin. VétSina taxond ma pfitom své optimum v (oligo-)mezotrofnim, mirné kyselém prostiedi,
kde se mohou rozvijet nejbohatsi spoleCenstva, Citajici na zvlasté cennnych lokalitach i vice nez
100 druhii (COESEL et al. 1978; LENZENWEGER 1996; COESEL 1998; STASTNY 2009, 2010).
Ponékud mensi mnozstvi taxond je vazano na Cisté oligotrofni prostiedi, jaké poskytuji napf.
horska raselinisté, studovana také v rdmci této disertacni prace (Ptispévky I a II). Pouze nékteré
druhy se pak pfimo soustieduji na eutrofni vody. Siln¢ eutrofizovanym (hypertrofnim) a
znecisténym vodam se vSak naprostd vétSina krasivek vyhyba. Vyjimku tvoii jen nékolik druhii
s Sirokou ekologickou valenci - napt. Closterium acerosum, C. leibleinii, C. moniliferum, C.
tumidulum nebo Cosmarium botrytis (RUZICKA 1977; LENZENWEGER 1996, 2003; COESEL
1998; STASTNY 2010), které Ize pii vysoké abundanci povazovat za indikéatory eutrofizaéniho
procesu (GUTOWSKI et al. 2004). Uvedené trendy v distribuci druhd byly dobfe patrné na
Sirokych gradientech trofie, pH a konduktivity pfi studiu epipelickych krasivek v Ceskych a
moravskych rybnicich (Pfispévek III).

Prednostnimu obsazovani oligo-mezotrofnich vod je zfejmé uzplsobena typicka
Clenitosti bun€k se podstatné zvétSuje pomer povrch/objem a tim 1 plocha pro pfijem Zivin, coz

muze pro krasivky v zivinami chudém prostfedi predstavovat ekologickou vyhodu. Na
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stanovistich, kterd jsou zaroven 1 siln¢ kyseld, je vSak tento morfologicky trend do urcité miry
omezovan, jak bylo jiz zminéno ve vztahu k hodnotim pH (COESEL 1982b; CERNA &
NEUSTUPA 2010).

Vyse uvedené naroky (resp. preference) krasivek viici hlavnim ekologickym faktorim
1ze shrnout nasledovné. Nejveétsi ¢ast celkové diverzity skupiny (alespoii v mirném pasu) je
soustiedéna do mélkych, dobfe prosvétlenych Cistych vod s relativné nizkym obsahem Zivin
(oligo-mezotrofnich), mirné kyselou az neutralni reakci a s ponofenymi porosty makrofyt. Diky
biotopy jako mén¢ kysela raseliniSté, prameniSte¢, moktadni louky, okrajové zony Cistych jezer
nebo tliky na horskych pastvinach (HINDAK 1978; COESEL 1982b, 1998; LENZENWEGER 1996).
Z uvedeného rovnéz vyplyva, ze diverzita krasivek je siln¢ ohrozovéna lidskou Cinnosti, ktera
viceméné plosn¢ plsobicim procesim v tomto ohledu patfi antropickd eutrofizace a také
acidifikace spojend s oligotrofizaci (COESEL et al. 1978; COESEL 1998; STASTNY 2010).
Ackoliv se v podstaté jedna o protichiidné procesy, oba shodné vedou k degradaci pivodnich
cennych spolecenstev, kterd se projevuje zménami jejich struktury, druhové skladby a poklesem
diverzity. Mechanismus negativniho piisobeni eutrofizace ¢i acidifikace na diverzitu kréasivek
(at’ uz v globalnim nebo lokalnim méfitku) pfitom nespociva pouze v posunu hodnot hlavnich
fyzikalné-chemickych parametri do nevyhodné oblasti. Jejich zavaznym disledkem je rovnéz
naruSeni stability a vnitini diferenciace daného mokfadniho ekosystému, coz jsou
charakteristiky obtiZzn¢ méfitelné, ale pro mnohé druhy krasivek zasadni (COESEL et al. 1978;
COESEL 1998, 2001). V tomto kontextu Ize tedy druhovou skladbu krasivkovych spolecenstev
povazovat také za jakési méfitko (antropické) degradace nebo naopak zachovalosti a

,»prirozenosti* biotopu.

3.6.3 Bioindikac¢ni vyznam

Jak bylo jiz dfive zminéno, krasivky predstavuji skupinu organismi se zna¢nym bioindika¢nim
potencidlem, a to diky specifickym ekologickym narokim, vyrazné citlivosti 1 vysoké celkové
diverzité. Druhové slozeni spoleCenstev mize byt v prvé fadé vyuzito k indikaci zékladnich
fyzikalné-chemickych parametrii daného prostiedi - pfedev§im hodnot pH a obsahu Zivin, pfip.
s nimi spojené konduktivity (COESEL 1998; LENZENWEGER 2003; STASTNY 2010). Evidentni
vztah k charakteristikam jako je stabilita ¢i zachovalost prostiedi vSak navic umoziuje vyuziti
krasivek k mnohem komplexnéj$im hodnocenim, kterd jsou uplatnitelnd v oblasti ochrany

prirody (zejména pii managementu mokiadnich biotoptll). V tomto ohledu vyvinul holandsky
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desmidiolog COESEL (1998, 2001, 2003) ziejm¢é nejpropracovanéjsi indikacni a evaluacni
systém, umoziujici na zakladé analyzy spolecenstev krasivek odhadnout ekologicky stav a
biologickou hodnotu (nature conservation value) urcité mokiadni lokality. Uvedeny indikac¢ni
systém byl (alesponl z€asti) vyuzit také pii studiu raSeliniSt’ Jizerskych hor a Jeseniki
(Piispevky I a II) a litordlnich z6n Ceskych rybnika (Ptispévek III) v ramei této disertacni prace.

Metoda stanoveni biologické hodnoty mokiadu (nebo mokitadniho komplexu) je
zalozena na hodnoceni tfi hlavnich aspekti pfitomné flory krasivek, a to druhové
(taxonomické) diverzity, druhové vzacnosti a indikace zralosti ekosystému (COESEL 1998,
2001). Aspekt druhové diverzity je do hodnoceni zahrnut jako méfitko vnitini strukturalni a
funkéni diferenciace (komplexity) mokiadniho ekosystému, ktera spocivd v mnoZstvi
vytvorenych mikrohabitatli, ekologickych nik a biologickych vztahd. Vyraznéjsi diferenciace
ekosystému je zpravidla ddna vétSim rozsahem prostorové a Casové variability abiotickych
poméra a promita se do vyssi diverzity krasivek - vétSinou taxonomické i morfologické (viz téz
COESEL 1982b; STASTNY 2009). Ackoliv diverzitu krasivek lze chapat a hodnotit riiznymi
zpusoby (NEUSTUPA et al. 2009), pro ucely této metody je navrzeno jeji jednoduché
vyjadifovani formou prostého poctu zaznamenanych taxoniti (COESEL 1998, 2001). Uvedeny
zpusob byl v souladu s danou metodou pouzit rovnéz pro hodnoceni diverzity krasivek na
mokfadech studovanych v rdmci této disertacni prace (Ptispévky I, II a III).

Aspekt druhové vzacnosti je povazovan za ur¢itou miru jedine¢nosti podminek daného
prostiedi. Vysoky podil vzacnych (nebo dokonce endemickych) taxonl byva totiZ v té€sné
souvislosti s vice ¢i méné unikatnimi klimatickymi, geografickymi a/nebo stanoviStnimi
podminkami (COESEL 1998, 2001). Pro ucely prezentované metody jsou udaje o vzacnosti
mnoha krasivek primarné uvedeny v piehledu COESELA (1998), kde ovSem odrazeji poznatky o
roz§iteni krasivek v Nizozemi. Mezi riznymi geografickymi oblastmi (i v rdmci Evropy) se
viak miZe mira vzicnosti nékterych taxond vyznamng ligit (STASTNY 2010). Pii jejim
hodnoceni je proto Zadouci zohledniovat také udaje z jinych (geograficky relevantnich) zdroja.
Vedle stézejnich floristickych monografii (napt. RUZICKA 1977, 1981) jsou to zejména riizné
narodni ,,check-lists* a ¢ervené seznamy ohroZenych druhii (napf. LENZENWEGER 1986, 2003;
GUTOWSKI & MOLLENHAUER 1996; KOUWETS 1999; KOSTKEVICIENE et al. 2003); pfimo pro
tizemi Ceské republiky vytvotil takovy piehled STASTNY (2010). Podobnym zptsobem byla
posuzovana vzacnost nalezenych taxonii krasivek i vramci piedlozené disertaéni prace
(Ptispévky L, II a III).

Aspekt indikace zralosti ekosystému je siln€ provazan s obéma aspekty predchozimi a

samotnym autorem (COESEL 1998, 2001) je pokladan za nejvyznamnéj$i soucast stanoveni
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biologické hodnoty urcitého mokiadu. Rovnéz ve studiich prezentovanych v disertani praci
(Prispevky I, II a III) je podstatnym prvkem pii hodnoceni stavu spoleCenstev krasivek a jejich
prostfedi. Termin ,,zralost ekosystému* se vztahuje k pozdéj§im sukcesnim stadiim, kterd jsou
narozdil od pionyrskych f4zi snadno zranitelnd, obtiZzn¢ obnovitelnd a proto velmi cenna.
V piipadé silného poskozeni nebo destrukce biotopu vyzaduji velmi dlouhou dobu (alesporii
desitky let) k obnoveni piivodniho stavu. Uvedend stadia jsou charakterizovana vyrazné
diverzifikovanou flérou krasivek, ktera je obohacena ptedevSim o ekologicky silné
specializované taxony a souvisi s pokrocilou vnitini diferenciaci daného ekosystému (viz vyse).
Pravé taxony, jejichz vyskyt je zjevné vazdn na takovato jemné vyvazend, relativné stabilni
stadia, jsou silnymi indikatory zralosti ekosystému. Z hlediska Zivotnich strategii mezi nimi
prevazuji K-stratégové, které lze jen stézi nalézt v pionyrskych nebo degradovanych
spolecenstvech (COESEL 1998, 2001). Indika¢ni hodnoty mnohych taxonti ve vztahu ke zralosti
(stabilit€¢) ekosystému jsou uvedeny v nékterych souhrnnych piehledech ekologie krasivek
(COESEL 1998, STASTNY 2010).

Mirné kyselé, (oligo-)mezotrofni vody maji prokazateln¢ vysSi potencidl k rozvoji
bohatych spolecenstev krasivek nez vody siln¢ kyselé nebo alkalické. Pro tyto rozdilné typy
vod (moktadll) byla tudiz zavedena samostatnd evaluacni schémata, kterd se liSi ptisnosti
hodnoceni jednotlivych aspektt krasivkové flory. Evalua¢ni schéma prezentované metody vSak
v konecné fazi vzdy vyustuje do relativniho ¢iselného vyjadieni biologické hodnoty (nature
conservation value) daného moktadu, ktera vzrusta v rozmezi od 0 do 10 (COESEL 1998, 2001,

2003).
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4 HLAVNI VYSLEDKY VYZKUMU

PredloZena disertacni prace se zabyva zejména utvafenim spolecenstev krasivek (Desmidiales
s.l.) v prostiedi Zivinami chudych mokiadl, které jsou v rizné mife vystaveny vliviim lidské
¢innosti. Jeji zaklad tvoii vysledky studia diverzity a ekologickych preferenci krasivek
(ptipadné 1 dal$ich tas) v souboru modelovych lokalit, na némz lze demonstrovat predevsim
pusobeni antropické acidifikace a eutrofizace. Tyto vysledky jiz byly publikovany ve védeckém
tisku a jako Ptispévky I, II a III jsou obsaZeny v disertacni praci. Hlavni teze jednotlivych
piispévkil jsou shrnuty v nasledujicim textu, plna verze piislusnych publikaci je pak uvedena

v sekcei Prilohy.

4.1 Diverzita a ekologie krasivek na raSeliniStich Jizerskych hor

(Prispévek I - Diversity and ecology of desmids of peat bogs in the Jizerské hory Mts)

Tato publikace predklada vysledky rozsahlého prizkumu flory krasivek realizovaného v letech
2003-2006 na 18 raseliniStnich lokalitach v oblasti ndhorni ploSiny Jizerskych hor. Studované
lokality reprezentuji pievazné oligotrofni vrchovisté s nizkou konduktivitou a vyraznou
kyselosti, postizena ve 2. poloviné¢ 20. stoleti v disledku imisnich spadii silnou acidifikaci
(RYBNICEK & HOUSKOVA 1994; RYBNICEK 2000, 2003), ktera byva obvykle nésledovana
jeste oligotrofizaci prostiedi (COESEL et al. 1978). Desmidiologicky prizkum byl proto zaméfen
hlavn€ na hodnoceni diverzity a indika¢nich hodnot pfitomnych taxond ve vztahu k hlavnim
stanovistnim parametrim (pH, konduktivita) a k uvedenému antropickému zatiZeni raselinist’.

V pribé¢hu vyzkumu bylo zaznamenano celkem 76 taxonid krasivek, jejichz prostorova
distribuce byla siln¢ ovlivnéna sledovanymi stanoviStnimi parametry. Druhova diverzita
jednotlivych lokalit (2-32 taxonl) se viceméné zvySovala v souladu s gradientem rostoucich
hodnot pH (3.5-5.4) a soucasné¢ klesajicich hodnot konduktivity (84—10 uS/cm). Tento trend
veelku dobie svédéi o faktu, ze i vétSina typicky acidofilnich, oligotrofnich krasivek, které
bézné obsazuji vrchovistni prostiedi, je limitovana vyraznym snizenim hodnot pH (cca kolem
3.5). Obecné je vSak mozZné konstatovat, Ze diverzita krasivek tfady jizerskohorskych raselinist
je na velmi dobré urovni, vezmeme-li v potaz omezeny potencial kyselych oligotrofnich vod
k rozvoji bohatych spoleCenstev krasivek (COESEL 1998, 2001). Zaroven je také srovnatelna
s urovni diverzity na obdobnych biotopech v dalsich oblastech Ceské republiky (napf. LEDERER
& SOUKUPOVA 2002; NOVAKOVA 2002). Kromé ptevazujicich acidofilnich, oligotrofnich

zastupci byly ve spolecenstvech zkoumanych raSelini$t’ nalezeny 1 taxony, které z hlediska
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chemismu signalizuji pfiznivéj$i podminky na stanovistich - vyssi hodnoty pH a dostupnost
zivin (oligo-mezotrofni, méné kyselé prostredi).

Na raSelinistich Jizerskych hor byla déle zjisténa fada taxond obecné povazovanych za
vzacné a/nebo silné indikacni pro zralé (stabilni) ekosystémy - mezi nejvyznamnégj$i v tomto
ohledu patii Micrasterias jenneri, Euastrum insigne a Xanthidium armatum (COESEL 1998;
STASTNY 2010). Nékteré ze vzacnych nalezii 1ze dokonce oznagit za nové pro tzemi Ceské
republiky; jednd se o nasledujici taxony: Actinotaenium crassiusculum, Hyalotheca dissiliens
var. tatrica, Staurastrum avicula var. subarcuatum, Staurastrum borgeanum, Staurastrum
simonyi var. semicirculare, Staurodesmus extensus var. isthmosus, Staurodesmus extensus var.
vulgaris a Staurodesmus spencerianus.

Na zédklad¢ provedeného vyzkumu je mozné fici, ze navzdory negativnim dopadim
imisni zaté¢Ze na raSeliniStni ekosystémy Jizerskych hor se zdej$i flora krasivek jevi jako
pomérné bohata a dosti cenna a svym slozenim vcelku dobte odpovida pfirozenému charakteru
biotopl. Ziejmé tedy muze odrazet postupné zlepSovani stanovistnich podminek po eliminaci
kyselych primyslovych spadi na pocatku 90. let 20. stoleti, které vSak zatim neni patrné v

regeneraci postizenych prvku flory a vegetace vyssich rostlin (viz tézZ RYBNICEK 2003).

4.2 Diverzita a ekologie krasivek na raSeliniStich Jesenikii: prostorova distribuce,
vyznamné nalezy

(Prispévek II - Diversity and ecology of desmids of peat bogs in the Jeseniky Mts: spatial
distribution, remarkable finds)
V tomto ptispévku jsou obsazeny vysledky desmidiologického prizkumu provedeného v letech
20062009 na 8 raseliniStich v oblasti Hrubého Jeseniku. Zkoumana raselini§t¢ piedstavuji
v podstaté referencni lokality k obdobnym biotopim v Jizerskych horach, umoziujici paralelni
studium zmén probihajicich v jejich prostiedi a bioté. Jedna se tedy o (siln¢) kyseld oligo-
ombrotrofni vrchovisté, situovana vétSinou v hiebenovych partiich hor, kterd vSak nebyla
v minulosti vystavena tak intenzivnimu pusobeni imisi jako lokality v Jizerskych horéach
(RYBNICEK 1997, 2003; HAJEK 2004). Prizkum flory krasivek byl zaméfen predevsim na
indika¢ni hodnoty a prostorovou distribuci taxonli ve vztahu k vyznamnym ekologickym
charakteristikdm prostiedi. Nékteré vybrané taxony pak byly hodnoceny také z hlediska jejich
Siroké morfologické variability.

Béhem vyzkumu bylo nalezeno celkem 51 taxonu krasivek, které jsou vétSinou typické
pro kyselé oligotrofni prostfedi. Zakladni slozeni krasivkové flory tedy dobie odpovidalo

charakteru biotopd. Prostorova distribuce taxond byla studovana ve vztahu k 18 fyzikalné-
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chemickym parametrim (vyska hladiny podzemni vody, pH, konduktivita, obsah huminovych
latek, NH4", NO5, NO3, SO, PO, CI,, Na*, Ca®", Mg*", Zn, Mn, Fe, Al, Pb), k hlavnim
typim mikrohabitatii (lawns, fidké lesiky, Slenky, trvalé hluboké jezirko) a k jednotlivym
raSeliniStim. SloZeni a druhova bohatost spolecenstev byly primarné uréeny gradientem hladiny
podzemni vody (-20 az 0 cm), ktery se logicky odrazel také v diferenciaci mikrohabitati do
dvou zakladnich skupin: 1/ relativné suché plochy (lawns, lesiky) obsazované druhové chudymi
spoleCenstvy (4-9 taxonl); 2/ vodni utvary (Slenky, jezirka) s diverzifikovanéjSimi
spolecenstvy krasivek (11-21 taxontll). Zietelna koncentrace diverzity pfedevsim do §lenkil a
mélkych jezirek odpovida pievazujicimu bentickému zptlisobu Zivota krasivek a jejich obecné
preferenci pro drobné, dostate¢né prosvétlené vody (RUZICKA 1977; COESEL 1998; STASTNY
2010). Zatimco spolecenstva vodnich utvard byla ve svém druhovém slozeni jesté relativné
variabilni, spolecenstva susSich ploch vykazovala napfi¢ studovanymi lokalitami znacné
uniformni skladbu - a to diky velmi omezenému poctu taxoni adaptovanych kristu v
(sub)atmofytickém a soucasné v kyselém prostiedi. Na zakladé monitoringu vétSiho poctu
téchto relativné suchych ploch bylo mozno vymezit typické spolecenstvo krasivek obsazujici
vrchovistni lawns. Je tvofeno taxony s preferenci ¢i vyraznou adaptaci na (sub)atmofytické
prostiedi raselinikovych porostli: zejména Actinotaenium pinicolum, Actinotaenium silvae—
nigrae var. parallelum, Actinotaenium cf. truncatum, Cylindrocystis brebissonii, Mesotaenium
macrococcum, prip. Staurastrum margaritaceum (viz t€zZ RUZICKA 1977; COESEL 1998;
STASTNY 2010).

Diverzita krasivek se dale vyznamné zvySovala podél gradientu soubéZné rostoucich
hodnot pH (3.65-5.29), koncentraci Mg (0.01-1.14 mg/l) a Ca (0.80-2.50 mg/l), které jsou
spolu zjevné silné korelovany. V ramci flory krasivek na jesenickych vrchovistich byly
rozliSeny konkrétni skupiny taxonli se silnou afinitou ke stoupajicim hodnotdm téchto
parametrl. Pfevdzné se jedna o taxony, jejichz optimum lezi spiSe v (oligo-)mezotrofnim, mirné
kyselém prostiedi. Ve studované oblasti byly soustfedény pouze na nékolik malo stanovist
(nebo dokonce na jediné misto), kde se dlouhodobé¢ udrzuji relativné vysoké hodnoty pH, Mg a
Ca. Dalsim faktorem, ktery pfi statistickém hodnoceni projevoval vyznamny vliv na distribuci
kréasivek, byl vcelku prekvapivé obsah olova. Ziskany vysledek vSak mohl byt ovlivnén ¢astymi
a vyraznymi fluktuacemi v koncentraci tohoto kovu (RYBNICEK 1997, 2003) a bude vhodné jej
ovétit dlouhodobéjsim monitoringem.

Studium distribuce kréasivek ve vztahu k celym raseliniStnim lokalitdm prokézalo, Ze
pozice na urcité lokalit¢ nemd na sloZeni spoleenstev podstatny vliv. Diverzita a druhova

skladba krasivkové flory kazdého raselinisté je primarné urCena lokdlnimi fyzikalné-
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chemickymi parametry a mikrotopografii. Pravé v souladu s gradienty téchto klicovych faktort
bylo mozno odlisit dvé skupiny jesenickych vrchovist. a/ Druhové bohaté lokality (24-33
taxonil) v oblasti NPR Serak—Keprnik, které poskytuji vétding krasivek piiznivéjsi podminky
k existenci - zejména vyssi pH (> 4), obsah mineralnich latek a pestrou Skalu mélkych vodnich
téles. b/ Druhové chudsi vrchovisté (9—16 taxontl) v oblasti NPR Pradéd a NPR Rejviz, ktera se
vyznacuji velmi nizkymi hodnotami pH (< 4) a/nebo celkové niZ8i vlhkosti, souvisejici také
s omezenou nabidkou vhodnych vodnich mikrohabitati.

S ohledem na posuzovani ekologického stavu ¢i biologické hodnoty lokalit lze
konstatovat, ze vrchovisté Hrubého Jeseniku maji pomérné bohatou a hodnotnou floru krasivek,
ktera je pln& srovnatelna s podobnymi biotopy v jinych horskych oblastech Ceské republiky -
vcetné Jizerskych hor, diskutovanych vyse (Ptispévek I). Pfedevsim to plati pro lokality v zoné
NPR Serak—Keprnik, jejichz krasivkova fléra indikuje vysokou biologickou hodnotu a stabilitu
ekosystéml (COESEL 1998, 2001). Ve srovnani s Jizerskymi horami nesou vrchovist¢ Hrubého
Jeseniku mnohem mensi antropogenni zatéz - predevs§im co se ty¢e mnozstvi imisnich spadd,
intenzity nasledné acidifikace a meliora¢nich zasahti (RYBNICEK 1997, 2003; HAJEK 2004).
Z ptimych antropickych vlivli 1ze vSak v pfipadé Jeseniki velmi dobie sledovat efekty
leteckého vapnéni, které bylo sméfovano na lesni porosty, ale postihlo rovnéZ raSeliniStni
plochy na Trojmezi - naposledy v r. 1992 (RYBNICEK 1997). Piisunu dolomitického véapence
dodnes odpovida specificky chemismus dotcenych ploch (zvySené hodnoty pH, Mg a Ca), i
kdyz se zfejmé postupné vraci k plivodnim pfirozenym hodnotdm. V tomto kontextu je
zajimavy soucasny stav piisluSnych spoleCenstev krasivek, kterd patii k nejbohatSim a
nejhodnotngj§im v ramci studovanych jesenickych raselinist. Zahrnuji nékteré vzacné taxony
s indikaci stabilnich ekosystémd (COESEL 1998; STASTNY 2010) a ve srovnani s vétiinou
dalsich lokalit jsou bohatsi o né€kolik zéastupct preferujicich spiSe mezotrofni, mirné kysela
stanovis§té. Béhem doby, kterd uplynula od silné kontaminace vrchoviStniho prostiedi
cizorodymi prvky (Ca, Mg), se tato lokalni spoleCenstva krasivek stihla viceméné regenerovat.
V zakladé jsou tvorena acidofilnimi oligotrofnimi druhy, k nimz pak navic pfistupuje nekolik
ekologicky odliSnych, a ¢asto i cennych taxoni - zfejmé jako disledek postupné odeznivajicich
vlivi nékdejsiho vapnéni.

Béhem prizkumu raselinist Hrubého Jeseniku byla ve flofe krasivek zaznamenana tada
pozoruhodnych taxont, které jsou v publikaci diskutovany z hlediska sporého geografického
roz$iteni a/nebo Siroké morfologické variability. Jedna se o nasledujici zastupce: Actinotaenium
pinicolum, Cosmarium cf. furcatospermum, Cosmarium notabile, Cosmarium obliqguum cf. var.

tatricum, Cosmarium subquadrans var. minor, Euastrum subalpinum, Penium exiguum,
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Xanthidium antilopaeum var. laeve. Ptirozend Siroka variabilita (morfologicka plasticita),
pozorovand v mnoha populacich dobte koresponduje s kritickym hodnocenim vymezovani fady
taxonl (zejm. druhl a variet) na zaklad¢ nepodstatnych morfologickych odchylek (RUZICKA
1977; KOUWETS 1988; COESEL & KRIENITZ 2008). Na druhé stran¢ vSak svéd¢i o extrémnich
stanoviStnich podminkach, které podporuji nejen projevy pfirozené morfologické plasticity
pfitomnych taxond ale také mikroevoluéni procesy, vedouci nakonec k formovéani taxont

novych (viz téZ KOUWETS 1988).

4.3 Epipelické sinice a Fasy: pripadova studie z ¢eskych rybniki

(Prispevek III - Epipelic cyanobacteria and algae: a case study from Czech ponds)

Tato publikace prezentuje vysledky extenzivniho prizkumu fléry sinic a fas v epipelonu
litoralnich z6n 45 rybniki na izemi Cech a Moravy, ktery byl realizovan béhem dubna a kvétna
roku 2007. Vyzkum v podstaté ptedstavoval pilotni studii sméfovanou k ziskani zdkladniho
piehledu o diverzit¢ a ekologickych preferencich sinic a vybranych skupin fas (zejména
krasivek) v jejich malo poznaném zivotnim prostoru. Studované lokality svym charakterem
pokryvaly Siroké gradienty hlavnich ekologickych parametri: stupiii trofie (oligo-mezotrofni
az eutrofni ¢i dokonce hypertrofni rybniky), reakce vody (pH 6.8-10.9) a konduktivity (112—
778 uS/cm). Uvedené gradienty jsou do znacné miry determinovany lidskou ¢innosti, takze
jejich prostfednictvim bylo soucasné mozné hodnotit miru a disledky antropického zatizeni
lokalit, pfedev§im eutrofizace prostiedi.

Na zaklad¢ hodnot hlavnich ekologickych parametri (trofie, pH, konduktivity) byly
studované lokality rozd€leny do 4 hlavnich skupin, li§icich se zaroven také charakterem
sedimentu a slozenim epipelické flory sinic a fas. Pravé charakter sedimentu se pozdéji ukazal
jako nejvyznamnéjsi faktor urcujici zdkladni taxonomické slozeni piislusné algoflory. Na dné
studovanych rybnikli byly zjistény sedimenty, které lze rozliSit na piscité, piscito-hlinité,
bahnité a obsahujici vysoky podil organického detritu. Na utvareni fototrofnich spolecenstev
epipelonu se obecné podilely zejména rozsivky, sinice, krasivky a kradsnoocka; v diskutované
publikaci byl ov§em vyzkumny zdjem zaméten hlavné na sinice a krasivky.

V ptibfeznich zénach rybnikd bylo nalezeno celkem 39 taxonid sinic, mezi nimiz
dominovaly motilni vlaknité typy, charakteristické pro Zivotni prostor epipelonu. NejCastéjSimi
sinicemi, které lze tedy oznacit za typické pro epipelon nasich rybnikl, byly: Geitlerinema
splendidum, Komvophoron constrictum, Komvophoron minutum, Phormidium tergestinum a
Pseudanabaena catenata. Kromé ryze epipelickych zastupct byli na dnech rybniki pomérné

Casto zaznamendni také sedimentovani jedinci planktonnich ¢i litoralnich forem. Druhova
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diverzita 1 abundance sinic se zieteln¢ koncentrovala do rybnikt s piscito-hlinitymi sedimenty,
naopak rybniky s dnem pokrytym vrstvou anoxického organického materidlu byly sinicemi
osidleny velmi chudé.

Co se tyCe krasivek, na studovanych lokalitdich bylo v epipelonu nalezeno celkem 42
taxond. VéEtSina z nich patfila k béznym zastupcim s Sirokou ekologickou amplitudou ve vztahu
ke stupni trofie a hodnotdm pH. Zejména to plati pro Closterium acerosum, Closterium
moniliferum a Closterium tumidulum, které se fadi do izkého okruhu taxont, schopnych snaset
vys§i uroven eutrofizace a saprobity a jejichz vysoké abundance lze pouzit k indikaci
eutrofizaéniho procesu (RUZICKA 1977; COESEL 1983; LENZENWEGER 1996; GUTOWSKI et al.
2004). Uvedené taxony byly v riizné mife zastoupeny prakticky ve vSech rozliSenych typech
rybni¢nich lokalit. Vedle béznych, ekologicky nenaro¢nych krésivek byla dale objevena i fada
taxond, které jsou cenné z hlediska geografického roz§ifeni a silnych indikaci pro stabilni,
jemné vyvazené ekosystémy - napt. Cosmarium variolatum var. cataractarum (COESEL 1998;
STASTNY 2010). Vyskyt tdchto ekologicky specializovanych taxont byl nipadn& soustiedén
predev§im do oligo-mezotrofnich rybnikt s pis€itymi sedimenty, které pro krasivky obecné
predstavuji mnohem typictéjsi prostedi nez siln€ eutrofizované, Casto zaroven alkalické vody.
S ohledem na zastoupeni Zivotnich forem v epipelickych spolecenstvech jednoznacné
prevladaly bentické krasivky, které 1ze povazovat za autochtonni slozky epipelonu. Mezi nimi
vSak byly nachdzeni také zastupci, pro néz je hlavnim Zzivotnim prostorem plankton a
v epipelonu se vyskytuji spiSe piileZitostné jako alochtonni prvky. Z celkového poctu 42
nalezenych taxonu krasivek bylo mozZné za prednostné planktonni oznacit pouze 6 zastupct,
coz dobfe koresponduje s faktem, ze mezi krasivkami jsou euplanktonni typy vzacnosti
(RUZICKA 1977; LENZENWEGER 1996).

Pro ucely biomonitoringu vétSich vodnich téles je mnohdy dulezita volba konkrétniho
substratu a spolu s nim tedy i konkrétniho spolecenstva, které bude slouzit jako vhodny zdroj
pozadovanych indika¢nich hodnot. Rozbory spolecenstev vazanych na rtizné substraty totiz
mohou pfinést odlisné vysledky pii hodnoceni ekologickych charakteristik (napi. trofického
stavu) t¢hoz vodniho télesa (POULICKOVA et al. 2004). Z tohoto hlediska je Casto tfeba znat
ptevladajici zivotni formu fas pouzivanych k bioindikacim, protoze ta zaroven vypovidd o
tésnosti vazby na urcity substrat (a tedy na jeho vlastnosti, které jsou pfednostné indikovany).
Pak je mozné z analyzy urcéitého substratu (napf. epipelonu) vyloucit vyslovené netypické
zastupce, ktefi se v ném vyskytuji viceméné ndhodné (napt. sedimentaci z planktonu) a mohli
by zptisobit zkresleni vysledki analyzy. Ve srovnani s jinymi skupinami fas (napfi. rozsivkami,

sinicemi) se vyuzitelnost krasivek pro ucely biomonitoringu vétSich vodnich téles jevi
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z hlediska substratové specifity jako méné komplikovand. U vétSiny taxoni jsou jejich
ekologické preference, véetné prevladajici Zivotni formy, vcelku dobfe zndmé a jejich vazba na
konkrétni substrat (mikrohabitat) v ramci vodniho télesa je volngj§i. Rada taxond byva ptimo
oznacovana za formy benticko-planktonni (COESEL 1998), Casto pfechazejici mezi prostiedim
dna a oblasti volné vody. Pievazujici bentické typy krasivek zase obyvaji mélké (mokiadni)
zony vod, kde se vyrazné&ji setkavaji vlivy sedimentu 1 vody. Obecné lze tedy fici, ze vyskyt
krasivek v ur¢itém vodnim télese je dan jak charakterem sedimentu, tak fyzikalné-chemickymi
vlastnostmi vody. Vysledky ekologickych hodnoceni zalozené na spoleCenstvech krésivek
nemuseji proto byt piili§ zavislé na zkoumaném substratu (mikrohabitatu).

Epipelicka spolecenstva zkoumanych rybnikti byla z hlediska taxonomického slozeni
velmi variabilni. Distribuce vétSiny epipelickych druhti byla primérné ovlivnéna charakterem
sedimentu, u krasivek pak soucasné¢ i chemismem vody. Vlastnosti sedimentu i volné vody jsou
v ptipad¢ rybnikd do zna¢né miry urovany zptisobem obhospodafovani lokalit 1 dal§imi vlivy
lidské cinnosti, které v jejich prostiedi zpravidla indukuji rdzné intenzivni proces eutrofizace
(GERGEL 2004; POULICKOVA 2011). Pisobeni téchto vlivl bylo zietelné reflektovano skladbou
spolecenstev epipelickych sinic a fas. Eutrofni rybniky vyuZivané k intenzivnimu chovu ryb, na
jejichZz dné se vétsinou hromadi vrstvy organického bahna, se vyznacovaly vysokym podilem
krasnoocek a sinic. Soucasné zde nebyly pfitomny zadné krasivky, piipadné byly zastoupeny
jen nékolika mélo druhy, tolerujicimi pokro&ilou eutrofizaci. Zivinami chudii (oligo-
mezotrofni) rybniky s pfevazné pis€itymi sedimenty, které se svym charakterem bliZi pfirodnim
jezerim, byly naopak charakterizovany slabym zastoupenim krdsnoocek a vys$si diverzitou

krasivek, Casto reprezentovanych cennymi taxony.
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5 ZAVERECNE SHRNUTI

Hlavni vystupy vyzkumi zaméfenych na hodnoceni stavu spolecenstev krasivek v antropicky
zatizeném prostiedi 1ze shrnout nasledujicim zptisobem.

Na oligo-ombrotrofnich raSelinistich Jizerskych hor a Hrubého Jeseniku byl proveden
paralelni priizkum s cilem zhodnotit stav flory krasivek v oblastech, které byly v odlisné mifte
vystaveny imisni zatézi a tedy i1 nasledné acidifikaci. Lokality v Jizerskych horach v tomto
pfipad¢ reprezentovaly prostiedi téZce zasazené a byly srovndvany s méné postizenymi
lokalitami v oblasti Hrubého Jeseniku. Flora a vegetace krasivek v obou regionech byla za
timto uc¢elem hodnocena z hlediska nékolika parametrti, které vypovidaji jednak o fyzikalné-
chemickych pomérech, jednak o celkovém ekologickém stavu ¢i biologické hodnoté lokalit.
Z hlediska vztahu pfitomnych krasivek k hodnotdm pH a k mnozstvi Zivin tvofily zaklad
raSeliniStnich spolecenstev v obou pohotich acidofilni oligotrofni krasivky, lokdlné¢ dopliiované
o taxony sméfujici svymi naroky spise do oblasti mirné kyselé, oligo-mezotrofni. Flora krasivek
tedy dobie odpovidala pfirozenému charakteru biotopt. Raselinisté Jizerskych hor a Jeseniki
byla plné srovnatelnd také z hlediska druhové diverzity krasivek pfipadajici na jednotlivé
lokality a viceméné 1 z hlediska pfitomnosti vzacnych taxonid a zéastupctli indikujicich stabilni,
jemné vyvazené ekosystémy. Sumarizace dil¢ich evaluacnich kritérii v obou pohotich shodné
vyustila prakticky ve shodné Ciselné vyjadieni biologické hodnoty raselinist’ (skore 5—-8) podle
COESELA (1998, 2001). Zavérem lze tedy konstatovat, Ze raSelini§t¢ v obou srovnavanych
pohofich disponuji relativné bohatou a hodnotnou flérou krésivek, kterd zejména v piipadé
Jizerskych hor odrazi postupnou restauraci ptivodnich stanovistnich podminek po eliminaci
imisni zatéZe.

Na souboru 45 rybnikti Cech a Moravy, pokryvajicich §iroké gradienty trofie, pH a
konduktivity, bylo mozno sledovat vliv antropické eutrofizace na utvafeni spolecenstev
krasivek. Diverzita spolecenstev zietelné vzriistala ve sméru od silné eutrofnich (hypertrofnich)
rybnikd s organickymi bahnitymi sedimenty k rybnikim oligo-mezotrofnim s pfevazné
pisCitymi sedimenty, do nichz se =zaroveil napadné soustfed'oval vyskyt ekologicky
specializovanych, vzacnéjSich taxonil. Prostfednictvim vzdjemného srovnani flory krasivek
na téchto odlisnych typech lokalit je tedy mozno dokumentovat mizeni ekologicky citlivych

taxond na ukor hojné rozsitenych druht s Sirokou ekologickou valenci v dusledku eutrofizace.
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Abstract: The present study focuses on diversity and ecological preferences of desmids in peat bogs in the Jizerské hory
Mts (Czech Republic). Altogether 76 desmid algae taxa have been recorded at 18 sites of the study area during our
investigation in 2003-2006. Taxa Actinotaenium crassiusculum (De Bary) Teiling, Hyalotheca dissiliens var. tatrica Racib.,
Staurastrum avicula var. subarcuatum (Wolle) West & G. S. West, S. borgeanum Schmidle, S. simonyi var. semicirculare
Coesel, Staurodesmus extensus var. isthmosus (Heimerl) Coesel, S. extensus var. vulgaris (Eichler & Racib.) Croasdale and
S. spencerianus (Mask.) Teiling are new for the Czech Republic. In addition, several rare and remarkable taxa were also
encountered. The species richness was relatively high in comparison to similar localities in the Czech Republic. Desmid

distribution was influenced by pH and conductivity.

Key words: acidification; algae; desmids; diversity; ecology; peat bogs

Introduction

The peat bogs in the Jizerské hory Mts (Czech Repub-
lic) represent unique ecosystems within Central Europe,
characterized by very low pH mostly induced by air
pollution during the second half of the 20" century.
Acidification led to considerable damage in most of the
mountain ecosystems. The first, and for many organ-
isms a limiting variable, is the low pH, followed by the
lack of nutrients. Acid oligotrophic localities are inhab-
ited mostly by desmids, diatoms and some groups of
green algae (Novakova 2002; Matula & Pietryka 2003).

Although peat bog vegetation and environmental
variables (pH, conductivity) have been monitored in the
Jizerské hory Mts since 1991 (Rybnicek & Houskova
1994; Rybnic¢ek 2000), algae have rarely been studied
(Ettl & Perman 1958; Perman 1958; Perman & Lhotsky
1963; Popovsky 1968).

The present paper focuses on desmid distribution
in the Jizerské hory Mts, and its relationship with en-
vironmental variables.

Material and methods

The Jizerské hory Mts are characterized by conditions
favouring the existence and formation of peat bog ecosys-
tems: they have very humid and cold climate, poor acidic
bedrock, and only lightly rugged topography (Rybnicek

Fig. 1. The geographical position of sampling sites. Sites (grey
circles): 1 — Klecové louky A; 2 — Na Cihadle A; 3 — Na Kneipé;
4 — U Posedu; 5 — VI& louka; 6 — Cerné jezirka; 7 — Klikvova
louka; 8 — Nova louka; 9 — Quarre; 10 — Mala Jizerska louka; 11
— Raselinisté Jizery; 12 — Rybi loucky; 13 — Vanoc¢ni louka; 14 —
Kle¢ové louky B; 15 — Na Cihadle B; 16 — Mala Jizerska louka
(south); 17 — Mala Jizerskd louka (north); 18 — Tetfevi louka.
Black circle — the nearest village.

2000; J6za & Vonicka 2004). Most of the mires have the char-
acter of oligotrophic montane raised bogs (Jéza & Vonicka
2004) with Sphagnum growths and several shallow pools or
puddles. A large pool (bog lake) can often be found in the
open, central part bordered by Pinus mugo. The mires in-
vestigated for this study (Fig. 1) are situated at the summit

* Presented at the International Symposium Biology and Tazonomy of Green Algae V, Smolenice, June 26-29, 2007,

Slovakia.
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Table 1. The main characteristics of investigated sites (as recorded in 2005 and 2006).

J. STEPANKOVA et al.

No. Locality Altitude Coordinates Number of pH Conductivity
[m a.s.1.] [n.1./el] desmid taxa [uS cm~1]
1 Klecové louky A 983 50°49'52" /15°14'41" 10 3.9-4.0 28-33
2 Na Cihadle A 971 50°49'58" /15°13/53" 16 4.0-4.2 14-20
3 Na Kneipé 1010 50°49'58" /15°14/23" 14 3.8-4.0 27-32
4 U Posedu 996 50°50710" /15°14/08" 4 3.7-3.8 36-38
5 VIci louka 1022 50°50'45" /15°14/21" 4 3.5-3.6 57-59
6  Cerna jezirka 900 50°51/11” /15°18/28" 4 3.8-4.3 35-46
7 Kilikvové louka 700 50°48/15" /15°08'21” 2 5.0-5.3 30-32
8  Nové louka 773 50°48'47" /15°09' 36" 6 3.6-3.8 44-84
9 Quarre 940 50°51’32" /15°16/57" 11 4.3-5.0 14-22
10 Malé Jizerska louka 860 50°48'12" /15°18'36" 17 4.0-4.1 16-18
11 Raseliniste Jizery 835 50°51’32" /15°18'53" 5 3.7-3.9 34-39
12 Rybi loucky 850 50°50/50" /15°20’ 26" 7 3.6-4.4 23-30
13 Vanoc¢ni louka 1050 50°49'23" /15°12'46" 6 3.6-4.0 30-47
14 Klecové louky B 983 50°49'58" /15°13/52" 22 3.8-4.5 26-64
15 Na Cihadle B 971 50°49'59" /15°13/50" 22 4.3-4.9 16-30
16 Mala Jizerska louka (south) 860 50°49’40" /15°19'40" 31 4.2-4.9 16-33
17 Malé Jizerska louka (north) 880 50°49'41" /15°19'41" 26 4.3-4.7 18-33
18 Tettevi louka 920 50°50’44" /15°18"16" 32 4.1-5.4 1042
plateaus of the Jizerské hory Mts (700-1050 m a.s.l.), and L18
include some of the sites most affected by air pollutants L16
(Rybnicek 2000). Almost all of the peat bogs are protected L7
as small-scale conservation areas within the Protected Land- t;s
scape Area of the Jizerské hory Mts (J6za & Vonicka 2004). - L7
Investigation of bog desmid flora was conducted at 18 L10
localities (Table 1, Fig. 1) in July and August 2003, 2005 —le
and 2006. Mixed samples (from 3-6 sites per locality) were — [LB
obtained by squeezing bog vegetation (especially Sphagnum L5
spp.), collecting submersed algal growths and epipelon from L L14
bog pools. At the time of the sampling in 2005 and 2006, L6
pH and conductivity of bog water were measured using a tg
pH/conductivity meter (WTW, Germany). L
Samples were fixed with formaldehyde (final concen- L12
tration 2%) and examined using a light microscope (Olym- L3
pus CH 20). The desmid taxa were identified according to L1
Ruzicka (1977; 1981), Coesel (1982; 1997), and Lenzenweger —_———————T—————
(1996; 1997; 1999; 2003). Presence/absence data were anal- 20.00 15.00 Disl?rﬂgmy 5.00 0.00

ysed by Principal Components Analysis (PCA) using the
CANOCO programme (ter Braak & Smilauer 1998). Clus-
ter analysis (Ward’s method; NCSS 2000 software) was per-
formed to reveal the differentiation of sites on the basis of
environmental variables (pH and conductivity).

Results

Altogether 76 desmid taxa (Table 2) have been found
in the Jizerské hory Mts. Cylindrocystis brebissonii,
Actinotaenium cucurbita, Netrium digitus and Bam-
busina brebissonii were the most frequent taxa, occur-
ring at more than 10 localities and being often dom-
inant in algal assemblages. Euastrum binale, E. in-
signe, Mesotaenium macrococcum, Netrium oblongum,
Staurastrum hirsutum, S. margaritaceum, S. simonyi
var. sparsiaculeatum, Tetmemorus laevis and Xanthid-
ium armatum were also frequent (5-10 localities). How-
ever, a considerable number of taxa seem to be re-
stricted to a few mires (Table 2). The following taxa
are new records for the Czech Republic (Poulickovéa
et al. 2004): Actinotaenium crassiusculum, Hyalotheca

Fig. 2. Hierarchical cluster analysis (Ward’s method, NCSS 2000
software) of investigated sites based on the environmental vari-
ables (pH, conductivity). Localities L1-18 see Fig. 1.

dissiliens var. tatrica, Staurastrum avicula var. subar-
cuatum, S. borgeanum, S. simonyi var. semicirculare,
Staurodesmus extensus var. isthmosus, S. ertensus var.
vulgaris and S. spencerianus. Besides the latter, several
interesting desmid taxa regarded as rare or sporadi-
cally occurring were encountered during the study. For
instance Micrasterias jenneri, which is rare in Central
Europe (Rizicka 1981; Lenzenweger 2003) was found at
a site at Mala Jizerskd louka (north). The most inter-
esting taxa found are documented by drawings (Fig. 4).

The study sites were characterized by low pH (3.5—
5.4) and conductivity (10-84 uS cm™!). Cluster anal-
ysis based on average values of these variables clearly
separated two groups (Fig. 2): Group L. localities with
very low pH (< 4) and conductivity ranging from 26 to
61 uS cm~!; Group II. sites with pH ranging from 4.0
to 5.1 and very low conductivity (< 28 uS cm™!). These



Desmids in the Jizerské hory Mts 893

Table 2. The list of desmid taxa found in the Jizerské hory Mts during the investigation during 20032006 (localities 1-18: see Table 1).

Taxon Locality

Actinotaenium crassiusculum (De Bary) Teiling 10

Actinotaenium cruciferum (De Bary) Teiling 2,3, 10

Actinotaenium cucurbita (Bréb.) Teiling 1,2, 3,4, 7,10, 12, 14, 15, 16, 17, 18
Actinotaenium diplosporum var. diplosporum (Lund.) Teiling 3

Actinotaenium diplosporum var. americanum (West & G. S. West) Teiling 2

Actinotaenium pinicolum Rosa 14, 15, 16, 18

Actinotaenium silvae-nigrae var. silvae—nigrae (Rabanus) Kouwets & Coesel 14, 16, 17, 18
Actinotaenium silvae-nigrae var. parallelum (Willi Krieg.) Kouwets & Coesel 16, 18

Actinotaenium cf. subtile (West & G. S. West) Teiling 15

Actinotaenium truncatum (Bréb.) Teiling 9

Actinotaenium sp. 15, 16, 17

Bambusina brebissonii Kiitz. ex Kiitz. 1, 2, 3, 4, 10, 12, 14, 15, 16, 17, 18
Closterium acutum Bréb. 3,9, 16, 18

Closterium cornu Ehrenb. ex Ralfs 2

Closterium directum Archer 10, 16, 18

Closterium navicula var. crassum (West & G. S. West) Gronbl. 9

Closterium pronum Bréb. 1,2, 3, 5,13, 14, 16
Closterium regulare Bréb. 2

Closterium striolatum Ehrenb. ex Ralfs 1,2, 3,9, 10, 14, 15, 18
Cosmarium angulosum Bréb. 1,2

Cosmarium decedens (Reinsch) Racib. 17

Cosmarium moniliforme (Turpin) ex Ralfs 1

Cosmarium obliguum Nordst. 14, 18

Cosmarium sp. 1 14, 15

Cosmarium sp. 2 15

Cylindrocystis brebissonii var. brebissonii (Ralfs) De Bary
Cylindrocystis brebissonii var. minor West & G. S. West
Cylindrocystis crassa De Bary

1,2,3,4,5,6,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18
1,2, 10, 14, 15, 16, 17, 18
1,2, 3, 4,10, 13

Desmidium sp. 14

Euastrum ansatum Ralfs 18

Euastrum binale (Turpin) Ehrenb. ex Ralfs 1, 2, 3, 4, 10, 11, 14, 16, 17, 18
Euastrum didelta Ralfs ex Ralfs 3, 12

Euastrum humerosum Ralfs 3,9

Euastrum insigne Hassall ex Ralfs 2, 3, 10, 15, 16, 18
Hyalotheca dissiliens var. tatrica Racib. 17

Mesotaenium degreyi Turner 4

Mesotaenium endlicherianum Nageli 1,2, 5,8, 15,17
Mesotaenium macrococcum Kiitz. 2,3,4,5,14, 15, 16, 17, 18
Micrasterias jenneri Ralfs 17

Micrasterias thomasiana Archer 6,9

Netrium digitus var. digitus (Ehrenb.) Itzigs. & Rothe 1,2, 3,6,9, 12, 13, 15, 16, 17, 18
Netrium digitus var. latum Hustedt 1,2,7,9,10, 14, 15, 16, 18
Netrium oblongum (De Bary) Liitkem. 1, 2, 5, 8, 14, 15, 16, 17, 18
Penium cf. cylindrus (Ehrenb.) ex Bréb. 17, 18

Pentum exiguum West 16, 18

Penium polymorphum (Perty) Perty 16, 17, 18

Roya pseudoclosterium (Roy) West & G. S. West 3

Spondylosium cf. planum (Wolle) West & G. S. West 16, 17

Spondylosium pulchellum Archer ex Archer 18

Staurastrum anatinum f. paradozum (Meyen) Brook 3, 16

Staurastrum arnellit Boldt 1,2,3,4,5

Staurastrum avicula var. avicula Bréb. ex Ralfs 2,3

Staurastrum avicula var. subarcuatum (Wolle) West & G. S. West 2

Staurastrum borgeanum Schmidle 12

Staurastrum brebissonii Archer 4

Staurastrum cristatum (Nageli) Archer 2

Staurastrum furcatum var. furcatum (Ehrenb. ex Ralfs) Bréb. 16

Staurastrum furcatum var. aciculiferum (West) Coesel 14

Staurastrum hirsutum var. hirsutum (Ehrenb.) ex Bréb. in Ralfs
Staurastrum hirsutum var. muricatum ([Bréb.] Bréb. ex Ralfs) Kurt Forst.
Staurastrum kaisert Ruzicka

Staurastrum margaritaceum (Ehrenb.) Menegh. ex Ralfs
Staurastrum punctulatum Bréb.

Staurastrum cf. scabrum Bréb.

Staurastrum simonyi var. semicirculare Coesel

Staurastrum simonyi var. sparsiaculeatum (Schmidle) Hirano
Staurastrum sp.

Staurodesmus cf. boergesenii (Messik.) Croasdale

Staurodesmus extensus var. isthmosus (Heimerl) Coesel

13, 14, 15, 16, 17, 18

1,2,3,4,5,9, 10, 11, 12

3
1,3,4,5,6,8,11, 14, 17
2,3, 17

18

3,8, 10, 11, 18

1,2, 3,10, 17, 18

15, 16, 17

14, 15, 16
2,3, 16, 17, 18
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Table 2. (continued).

J. STEPANKOVA et al.

Taxon Locality
Staurodesmus extensus var. vulgaris (Eichler & Racib.) Croasdale 3,13
Staurodesmus spencerianus (Mask.) Teiling 14, 16, 18
Teilingia cf. granulata (Roy & Bisset) Bourrelly 16, 17
Tetmemorus brebissonii var. minor De Bary 9, 18
Tetmemorus granulatus (Bréb.) Ralfs ex Ralfs 15, 16, 17, 18

Tetmemorus laevis (Kiitz.) ex Ralfs
Xanthidium armatum (Bréb.) Rabenh. ex Ralfs

1,2, 5,8, 10, 14, 15, 16, 17, 18
1,2, 10, 14, 15, 16, 18
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Fig. 3. PCA ordination diagram based on desmid species com-
position of individual peat bogs. Only well-fitting taxa are de-
picted: Actcru — Actinotaenium cruciferum; Actcuc — Actinotae-
nium cucurbita; Actpin — Actinotaenium pinicolum; Actsilpa —
Actinotaenium silvae-nigrae var. parallelum; Actsilsi — Actino-
taenium silvae-nigrae var. silvae-nigrae; Actspe — Actinotaenium
sp.; Bambre — Bambusina brebissonii; Clodir — Closterium di-
rectum; Clostr — Closterium striolatum; Cosdec — Cosmarium
decedens; Cylbremi — Cylindrocystis brebissonii var. minor; Eu-
abin — Euastrum binale; Euains — Euastrum insigne; Hyadista
— Huyalotheca dissiliens var. tatrica; Mesend — Mesotaenium
endlicherianum; Mesmac — Mesotaenium macrococcum; Micjen —
Micrasterias jenneri; Netdigla — Netrium digitus var. latum; Ne-
tobl — Netrium oblongum; Pencyl — Penium cf. cylindrus; Penexi
— Penium exiguum; Penpol — Penium polymorphum; Spopla —
Spondylosium cf. planum; Staboe — Staurodesmus cf. boerge-
senit; Staextis — Staurodesmus extensus var. isthmosus; Stahirhi
— Staurastrum hirsutum var. hirsutum; Stahirmu — Staurastrum
hirsutum var. muricatum; Stamar — Staurastrum margaritaceum,;
Stapun — Staurastrum punctulatum; Staspe — Staurastrum sp.;
Staspn — Staurodesmus spencerianus; Teigra — Teilingia granu-
lata; Tetgra — Tetmemorus granulatus; Tetlae — Tetmemorus lae-
vis; Xanarm — Xanthidium armatum. Localities 1-18: see Fig. 1.

two habitat types broadly correspond to the occurrence
of desmids in particular bog sites as shown in the PCA
ordination diagram (Fig. 3, Table 1). The gradient on
the first axis of PCA analysis can be interpreted as

a gradient from extremely acid sites with low species
richness (left hand side) to less acid sites with high
species richness (right hand side). The following trend
in species composition development was observed: the
most acid sites were inhabited by poor desmid commu-
nities with highly tolerant taxa as Cylindrocystis bre-
bissonii, Staurastrum margaritaceum and S. hirsutum
var. muricatum. With increasing pH value (cca from
4.0), Actinotaenium cucurbita, Bambusina brebissonii,
Cylindrocystis brebissonii var. minor, Euastrum insigne
or Xanthidium armatum became established. Finally,
occurrence of Actinotaenium silvae-nigrae, Closterium
directum, Penium exiguum, P. polymorphum, Spondy-
losium planum, Teilingia granulata and Tetmemorus
granulatus was typical for localities with the relatively
highest pH values (Fig. 3).

Discussion

Comparison of the present desmid flora of the peat bogs
studied with its former stage is difficult. Records of algal
flora from peat bogs in the Jizerské hory Mts are rather
scarce and focused on different algal groups such as
dinoflagellates (Popovsky 1968), chrysophytes (Ettl &
Perman 1958), or all algae including desmids (Perman
1958; Perman & Lhotsky 1963).

Despite the negative impact of air pollution on bog
ecosystems in the Jizerské hory Mts, their recent desmid
flora seems to be interesting, relatively rich and well cor-
responding to the character of biotopes. Acidification,
as a result of air pollution, is known to be the cause of
considerable decrease of desmid diversity and changes
in species composition (Coesel et al. 1978; Coesel 2003).
Only a few most acid sites under the study partially
resembled extremely acid mires inhabited by a very
limited number of tolerant desmid species, especially
Cylindrocystis brebissonii and Mesotaenium spp. (Led-
erer 1999; Matula & Pietryka 2003; Novékova 2003; Se-
jnohové et al. 2003). On the contrary, the desmid diver-
sity of peat bogs investigated is very similar to the sit-
uation in the Sumava Mts, where 50 desmid taxa were
recorded at 13 bog sites (Lederer & Soukupové 2002).
Species richness (4-32 desmid taxa) varied among those
peat bogs according to environmental parameters in a
similar way as in the Jizerské hory Mts. In the Krkonose
Mts two subalpine raised bogs were recently studied in
detail (Novéakova 2002), harbouring rich algal flora in-
cluding 36 and 41 desmid taxa. The numbers of desmid
taxa found at Mala jizerska louka (south, north) and
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Fig. 4. Remarkable desmid taxa found in the peat bogs of the Jizerské hory Mts. 1 — Micrasterias thomasiana; 2 — M. jenneri; 3 —
Closterium regulare; 4 — Actinotaenium truncatum; 5 — A. cruciferum; 6 — Staurodesmus extensus var. vulgaris (triradiate form); 7 —
Actinotaenium diplosporum var. americanum; 8 — A. diplosporum var. diplosporum, 9 —A. crassiusculum, 10 — Tetmemorus brebissonii
var. minor; 11 —T. laevis; 12 —Staurodesmus extensus var. isthmosus; 13 — S. extensus var. vulgaris; 14 — Netrium digitus var. latum,
15 —N. digitus var. digitus; 16 — Staurastrum borgeanum; 17 — S. arnellit; 18 — St. avicula var. subarcuatum; 19 — Hyalotheca dissiliens
var. tatrica; 20 — Staurodesmus spencerianus; 21 — Staurastrum simonyi var. semicirculare; 22 — S. simonyi var. sparsiaculeatum;
scale 100 pm: Figs 1-3; scale 25 pm: Figs 14-15; scale 10 pm: Figs 4-13, 16-22.
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Tettevi louka (26-32 taxa) are almost comparable with
the latter, regarding less favourable conditions within
the Jizerské hory Mts.

Evaluation of taxonomic composition of algal as-
semblages in the bog pools showed the prevalence
of Zygnematophyceae (19-36%), followed by Chloro-
phyceae s.l., which is a typical feature of peat bogs.
Our finding corresponds with abundance of Zygnemato-
phyceae in other peat bog areas: the Krkonose Mts 22%
(Novékova 2002), the Ceskosaské Svycarsko National
Park, 30% (Novakova 2003), Lower Silesian peat bogs,
16-40% (Matula & Pietryka 2003).

After progressive elimination of industrial acid
emissions at the beginning of 1990’s, gradual increase of
pH (of about 0.3 in average) and decrease of conductiv-
ity (of about 16 uS ecm~! in average) were recorded
through the monitoring of five summit bogs (L14—
18) between 1991 and 1998 (Rybnicek 2000). How-
ever, deterioration of higher plant vegetation have
not revealed any traces of improvement till now. In
desmid flora, besides the prevailing acidophilic and olig-
otrophic species, several taxa which may indicate more
favourable conditions (higher pH and nutrient com-
pounds accessibility) were encountered; e.g. Cosmarium
angulosum, C. moniliforme, Closterium navicula var.
crassum, Hyalotheca dissiliens var. tatrica, Spondylo-
stum planum, Staurastrum avicula, Teilingia granulata
(Coesel et al. 1978; Coesel 1998; Lenzenweger 2003).
Among the most remarkable findings were rare taxa
(e.g. Actinotaenium crassiusculum, A. cruciferum, A.
diplosporum var. americanum, A. pinicolum, Micras-
terias jenneri, Staurastrum arnellii) and desmids in-
dicative for stabile, highly structured ecosystems (Co-
esel 1998), above all Micrasterias jenneri, Euastrum
insigne, Staurastrum cristatum and Xanthidium arma-
tum. In conclusion, the recently recorded desmid flora
seems to be reflecting the gradual improvement of en-
vironmental conditions of the peat bogs in the Jiz-
erské hory Mts, which is not (yet) evident from the
macroflora.
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Abstract: Diversity and ecology of desmids (Zygnematophyceae) were studied within eight peat bog sites in the
Jeseniky Mts during the years 2006-2009. Altogether, 51 taxa were found in the course of our investigation. A
detailed study of spatial distribution of desmids in relation to environmental characteristics was performed. The
composition of desmid communities was influenced especially by water table elevation and pH. Among all chemical
substances measured and statistically tested, Mg, Ca and Pb concentrations appeared to have a considerable effect.
Several remarkable desmid taxa were found and discussed in terms of their occurrence and broad morphological

variability.

Key words: desmids, diversity, environmental gradients, Jeseniky Mts, peat bogs

Introduction

As ecosystems with a relict and island character,
mountain bogs belong to the most valuable and
threatened biotopes in Central Europe (CHARMAN
2002; Bezpek et al. 2006). From the viewpoint of
nature conservation and science, each of these more
or less isolated biotopes is of great importance —
namely to preservation of ecologically distinctive
organisms and communities and, in addition, as a
place with potential for further evolution of this
diversity (allopatric speciation).

In the Jeseniky Mts (North Moravia,
Czech Republic), there are several relatively
good preserved bogs harbouring rare flora and
fauna. They are mostly strictly protected within
National Nature Reserves (KOLEKTIV AUTORU
2003). Recently, they have become objects of
intensive ecological research aiming to evaluate
changes in mire ecosystems of the Sudetes
mountain belt induced by long—term exposure to
air contamination and draining, especially during
the second half of the 20" century (RYBNICEK
2003). Since 1994, a continuous monitoring of
bog vegetation and environmental variables has
been in progress in the Jeseniky Mts. Contrary
to other regions in the Sudetes, they seem to be
less affected (RyBniCEk 1997, 2003). However,
the knowledge on microorganisms diversity is

generally very poor, in spite of their important
role in the assessment of the state and dynamics
of mire ecosystems (CoeseL 1998; MITCHELL
et al. 2008). Just a few old algological analyses
(FiscHEr 1924, 1925; LHotsky 1949; RyBNiCEK
1958) are at disposal from mountain bogs in this
region. Thus, there has been a strong need for
a recent systematic ecological investigation of
algal communities. The presented study focuses
on desmids (Zygnematophyceae) as a very
characteristic and (co)dominant group in bog
water microflora. Because of their high ecological
sensitivity to environmental changes, they are
generally considered to be useful bioindicators
(CogsEL 1998, 2001, 2003).

Localities

We involved eight mires (Fig. 1, Table 1) in our
study which have the character of acidic oligo—
ombrotrophic mountain raised bogs. They are
concentrated in three areas: the Pradéd NNR
(localities Maj, Slaté, Barborka), the Serak—
Keprnik NNR (localities Trojmezi A, Trojmezi
B, Vozka, Sedlo pod Vozkou) (RyBniCEK 1997)
and the Rejviz NNR (locality Rejviz). Most of
the mires have been developing in flat saddles
or shallow depressions of the extensive summit
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plains (1300-1360 m a.s.l.) since the Atlantic
period (KoLekTiv AUTORU 2003). The treeless bog
centres are mostly covered by typical vegetation
with extensive Sphagnum carpets, Eriophorum
vaginatum L. and dwarf shrublets, namely
Oxycoccus palustris Pers., Calluna vulgaris (L.)
HuLL., Vaccinium uliginosum L. and V. myrtillus
L., some sites are notable for Andromeda polifolia
L. and Empetrum hermaphroditum HAGERUP.
These bog parts include several pools of various
sizes characterized by the presence of Carex
limosa L., Eriophorum angustifolium HONCK.
and Drepanocladus fluitans (HEDW.) WARNST.
(RyBNiCEK 1997). In most cases, the bog margins
are occupied by extensive stands of Picea abies
(L.) KARSTEN.

Among the studied localities, the Rejviz
bog has an exceptional character. Contrary to the
summit bogs in the vicinity of Pradéd and Serdk—
Keprnik, it is situated at a lower altitude (734-794
m a.s.l.), rather geographically isolated from
the central mountain ranges (SAFAR 2003). The
investigated bog centre is just a part of a vast mire
complex comprising raised and transitional bogs,
fen and waterlogged meadows, bog spruce forests
and unique bog pine stands with Pinus rotundata

Fig. 1. Location of the investigated bogs in the Jeseniky Mts
(Czech Republic) [abbreviations of bogs: (B) Barborka, (M)
Maj, (R) Rejviz, (S) Slaté, (TA) Trojmezi A, (TB) Trojmezi
B, (V) Vozka, (VS) Sedlo pod Vozkou. Grey patches
represent the areas of the respective National Nature Reserves
(mentioned in the text)].
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Link and Ledum palustre L. surrounding two bog
lakes (KOLEKTIV AUTORU 2003; SAFAR 2003).

Material and Methods

Samples for investigation were collected in autumn
2006, summer 2008 and spring 2009. Within the eight
bogs described above, altogether 30 permanent sample
plots were delimited (RyBnicek 1997, 2003) (Table 1).
Number of plots per locality (2—-5) corresponds with the
size of the respective bog. The sample plots represent
main microhabitats and vegetation types occurring
in summit bogs of the Jeseniky Mts. Regarding
the microtopography, we distinguished flat lawns
(relatively dry sites with continuous vegetation cover),
forests (lawns with scattered spruce or pine trees), bog
pools and one bog lake (the Great Moss Lake within
the Rejviz bog). In relation to phytocenology, RYBNiCEK
(1997) recognized two associations: (a) Drepanoclado
Sfluitantis—Caricetum limosae (KASTNER et FLOSSNER)
Krisa1 with 4 successional stages (subassociations) of
bog pools vegetation and (b) Andromedo polifoliae—
Sphagnetum magellanici (BoGDANOVSKAJIA—GIENEV)
NeunAusL with 4 successional stages of most of the
lawn sites. Plots within the bog pine stands of the
Rejviz mire represent vegetation of Pino rotundatae—
Sphagnetum (KASTNER et FLOSSNER) NEUHAUSL (SAFAR
2003).

From each permanent plot, mixed samples were
obtained by squeezing or scraping off bog vegetation
(especially Sphagnum spp.), collecting submerged
algal growths, plankton and epipelon from peat bog
pools. They were fixed with formaldehyde (final
concentration 2%). Both fixed and fresh samples were
examined using the light microscope Olympus BX51.
The desmid taxa were determined according to RUzi¢ka
(1977, 1981), CoeseL (1982, 1983, 1985, 1991, 1994,
1997) and LENzENWEGER (1996, 1997, 1999, 2003).
The abundance of particular desmid taxa was assessed
according to the following semi—quantitative scale: 0
— absent; 1 — very rare; 2 — scattered; 3 — common;
4 — predominant.

At the time of the algological sampling, water
table elevation was measured and bog waters were
sampled from natural pools or small artificial pits at each
of the permanent plots. Water samples were analysed
for important physico—chemical variables. Electric
conductivity and pH were measured with Greisinger
GMH 3410 Conductometer and Greisinger GMH 1410
pH meter in the laboratory of the Department of Botany
and Zoology (Faculty of Science, Masaryk University,
Brno). Soluble humic substances, contents of majorions
(NH,", NO,,NO,, SO,*, PO*, CI', Na", Ca*", Mg*)
and some metals (Zn, Mn, Fe, Al, Pb) were analysed
at the Department of Hydrochemistry (T.G. Masaryk
Water Research Institute, Brno). Electric conductivity
values were corrected for the effect of hydrogen ions
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Table 1. Main geographical and environmental characteristics of the investigated mountain bogs. Geographical characteristics
are presented according to RyBNicEK (1997) and SAFAR (2003). Data on physico—chemical parameters are related to the sampling

in summer 2008 [abbreviations: (WTE) water table elevation, (EC) electric conductivity, (d) discontinuous].

Locality/GPS Altitude Area Sample plot WTE pH EC Mg
(N/E) (ma.s.l.) (ha) (type, number) (cm) (uS.cm™)  (mg.l™)
Mj 1360  2-3d forest, 01 14 416 23 0.1
>0%02°55"N; 17°13°057E lawn, 02 16 413 25 0.01
lawn, 03 15 427 13 0.13
Barborka 1305 0.5 pool, 04 0 3.90 20 0.11
50°04°30"N;17°13°50"E lawn, 05 10 3.8 19 0.19
Slats 1310 2.0 lawn, 06 10 3.95 16 0.1
S0°06°15"N; 17°12°357E forest, 07 5 383 23 0.16
lawn, 08 8 385 14 0.15
lawn, 09 6 379 30 0.13
Rejviz 764 325 bog lake, 10 0 3.82 26 0.07
SOPIFINITP17137E forest, 11 20 3.74 35 0.10
forest, 12 10 3.65 40 0.16
Jawn, 13 0 3.76 2 0.20
Trojmezi A 1300 0.5 pool, 14 —4 5.29 19 1.14
50°09°45"N; 17°07°157E lawn, 15 15 5.00 21 1.10
pool, 16 0 479 20 0.80
pool, 17 0 4.58 21 0.90
Jawn, 18 4 458 2 1.10
Trojmezi B 1315 0.7 lawn, 19 -7 4.20 17 0.30
50°09°50"N;17°07°057E pool, 20 0 419 16 0.73
lawn, 21 10 411 15 0.51
lawn, 22 9 401 19 0.58
pool, 23 0 422 13 0.40
Sedlo pod Vozkou 1305 0.4 pool, 24 0 4.02 22 0.39
50°09°40"N; 17°06°45"E lawn, 25 13 403 15 0.31
Vozka 1325 8.0 lawn, 26 14 401 25 0.43
50°09°30°N;17°06°30”E pool, 27 0 472 21 1.00
lawn, 28 7 4 25 0.33
pool, 29 0 4.14 20 0.52
pool, 30 0 4.06 24 0.45

by means of subtraction of conductivity caused by H* & Swmiauer 1998). At first, algological data were

(SyoRs 1952). analysed by detrended correspondence analysis (DCA).
Data on the physico—chemical characteristics  Lengths of gradient indicated, that unimodal ordination

and desmid taxa abundances related to the sampling in ~ methods are less applicable to the data set, so linear

summer 2008 were analysed by multivariate statistical ~ methods (PCA, RDA) were then used.

methods using the programme CANOCO (TER Braak
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Results parallelum, A. cf. truncatum, Cosmarium sp.,

During our study (2006-2009), altogether 51
desmid taxa (Table 3) were found in eight bog
localities of the Jeseniky Mts. Most of them are
known as oligotrophic, acidophilic algae. So, their
occurrence is fully in accordance with the type of
habitats (raised bogs). The most frequent taxa

Cylindrocystis brebissonii, Euastrum binale var.
gutwinskii, Mesotaenium macrococcum, Netrium
digitus, Staurastrum furcatum var. aciculiferum
and S. margaritaceum. A detailed study of spatial
distribution of desmids inrelation to environmental
characteristics was performed in several steps.
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Principal component analysis (PCA) was perfor-
med to reveal the overall structure of species
data (Figs 2a, b). Along the first ordination axis
(reflecting 42% of the entire variability), species
composition of sample plots changes primarily
with the water table elevation. Relatively dry,
species—poor (4—9 desmid taxa) lawns and forests
are clearly separated from pools with higher
desmid diversity (11-21 taxa). Nevertheless, one
lawn plot (TA18) is placed rather in the group
of pool-samples. The species composition of
TA18 was influenced by intensive waterlogging
and by a pool in the immediate vicinity. It was
marked by occurrence of desmids that were

Trojmezi A, (TB) Trojmezi
B, (V) Vozka, (VS) Sedlo
pod Vozkou].

1.5

often found in bog pools and absent at most of
the relatively dry sites (Euastrum binale var.
gutwinskii, FEuastrum subalpinum, Netrium
digitus, Staurastrum hirsutum). On the contrary,
one of the pools (TA14) has a position near
the group of lawn—samples. It reflects well the
character of this sample plot, which comprised of
a small pool with adjacent Sphagnum growth, and
so combined the typically aquatic desmids with
the subatmophytic ones. In the ordination diagram
(Fig. 2a), forest plots are scattered among lawn
plots suggesting that the presence of a (sparse) tree
layer does not cause any substantial changes in
desmid assemblages regarding the relatively dry
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Table 2. Effects of physico—chemical variables on desmid distribution among the sample plots resulting from the RDA (Monte
Carlo test; 499 permutations). Eigenvalue of the first canonical axis (A1), F-ratio values (F) and corresponding probability
values (P) are given. Significant P values < 0.02 [abbreviations of physico—chemical variables: (EC) electric conductivity,

(hum) humic substances, (WTE) water table elevation].

Marginal effects

Conditional effects

Variable Al P F

WTE 0.23 0.002 8.19
Mg** 0.12 0.008 3.88
Pb 0.11 0.012 3.40
pH 0.10 0.014 3.14
hum 0.07 0.052 2.13
Ca* 0.06 0.102 1.75
Al 0.05 0.194 1.40
Cr 0.04 0.288 1.22
NO, 0.04 0.326 1.12
NO, 0.04 0.380 1.04
EC 0.03 0.396 0.95
Na* 0.03 0.454 0.91
PO 0.03 0.492 0.89
Mn 0.03 0.496 0.85
NOJ 0.03 0.546 0.80
Zn 0.03 0.552 0.77
Fe 0.02 0.650 0.69
NH,’ 0.02 0.678 0.67

Variable Al P F

WTE 0.23 0.002 8.19
pH 0.08 0.004 3.12
Pb 0.07 0.002 3.08
NO, 0.05 0.026 2.20
Mg 0.04 0.100 1.58
hum 0.02 0.248 1.26
EC 0.04 0.100 1.62
Al 0.03 0.212 1.28
Crr 0.02 0.256 1.24
NH," 0.03 0.240 1.23
Mn 0.02 0.392 1.01
SO,> 0.02 0.488 0.92
Zn 0.01 0.552 0.87
PO 0.02 0.648 0.76
Fe 0.02 0.550 0.85
NO,” 0.01 0.860 0.47
Ca** 0.01 0.864 0.50
Na* 0.01 0.882 0.45

sites. One of the most distinctive plots under the
study was the Great Moss Lake (R10) within the
Rejviz bog, harbouring one of the poorest desmid
assemblages among the aquatic sites composed
of typical acidophilic, oligotrophic taxa. It can
probably be related to strong acidity of the water
(seasonal decrease in pH to 3.2), and to exceptional
character of this aquatic site — large and deep bog
lake (blénk). The latter factor can explain e.g. the
isolated occurrence of a benthic—planktic desmid
Xanthidium antilopaeum var. laeve (CoeseL 1998;
StastNy 2010; see also Figs 3a, b).

The redundancy analysis (RDA) was
performed to obtain the information about linear
response of desmid species to environmental
gradients (Figs 3a, b). As explanatory variables,
18 physico—chemical factors were entered
(water table elevation, pH, conductivity, humic
substances, Ca*, Mg*, Na', CI, Fe, Zn, Mn,
Al, Pb, NO,, NO,, NH,*, SO,*, PO,). The
first canonical axis includes nearly 38% of the

variability in species data and is highly significant
(P =0.004; 499 Monte Carlo permutations). The
water table elevation, strongly correlated with
the first axis, was confirmed to be the leading
factor for desmids distribution (Fig. 3a, Table
2). It reflects the well known fact that the most
desmid taxa prefer or require the presence of
a water body in the bog environment. This
tendency was particularly evident in distribution
of Actinotaenium cucurbita, A. silvae—nigrae,
Cosmarium pygmaeum, FEuastrum binale var.
gutwinskii, E. subalpinum, Netrium digitus,
Penium polymorphum, Staurastrum furcatum
var. aciculiferum, S. hirsutum, S. margaritaceum,
S. punctulatum and Staurodesmus extensus var.
isthmosus. On the contrary, just a few desmids
(Actinotaenium pinicolum, A. silvae—nigrae var.
parallelum, A. cf. truncatum, Actinotaenium sp.)
were most abundant at the relatively dry sites. This
species group may seem to slightly correlate with
the growing conductivity and NO,~ concentration
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Fig. 4. Remarkable desmid taxa found in the mountain bogs of the Jeseniky Mts: (a) Actinotaenium pinicolum; (b) Cosmarium
notabile; (¢) Cosmarium cf. furcatospermum; (d) Xanthidium antilopaeum var. laeve; () Penium exiguum; (f) Euastrum
subalpinum;, (g) Cosmarium obliquum cf. var. tatricum, side view; (h) Cosmarium obliguum cf. var. tatricum, front view; (i)
Cosmarium subquadrans var. minor, front view; (j) Cosmarium subquadrans var. minor, top view. Scale bar 10 pum, 50 um

(for d).

in the ordination diagram (Fig. 3a), but in fact, it
reflects a negative relation to the water content. In
Fig. 3b, particular samples (permanent plots) are
divided into a lawn/forest group and a group of
aquatic sites, following the humidity gradient (the
vector position displayed in Fig. 3a). Surprisingly,
another variable showing a strong correlation with
the first ordination axis was the concentration of
Pb. Both marginal and conditional effects of Pb on
desmid distribution were evaluated as significant
by the RDA (Table 2) and will be discussed
below.

The second canonical axis (9% of the species
variation) can be interpreted as a simultaneous
increase of pH, Ca and Mg, whose vector positions
show an intercorrelation in the RDA diagram
(Fig. 3a). The effect of pH on desmid distribution
was significant (see Table 2). Also Mg had a

considerable influence on species composition of
sample plots. However, statistically it only refers
to its marginal effect, which is strengthened by
correlated variables (above all pH and Ca). In an
ordination model with other physico—chemical
factors as covariables, the effect of Mg lost
its significance (Table 2). Two species groups
were distinctly connected with the pH, Ca and
Mg increase. (I) The occurrence of Euastrum
bidentatum, Cosmarium vexatum, C. regnellii, C.
quadratum, C. notabile, C. cf. furcatospermum,
Closterium rostratum, Cl. cf. idiosporum and
partially  Mesotaenium endlicherianum was
focused on TA14 (a pool within the Trojmezi
A bog) characterized by the highest pH, Ca and
Mg values among all sites under the study (Figs
3a, b). (II) Euastrum subalpinum, Staurastrum
punctulatum and Tetmemorus laevis displayed a
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Table 3. List of desmid taxa recorded in peat bogs of the Jeseniky Mts during the investigation in 2006-2009 [abbreviations
of peat bogs: (B) Barborka, (M) M4j, (R) Rejviz, (S) Slaté, (TA) Trojmezi A, (TB) Trojmezi B, (V) Vozka, (VS) Sedlo pod

Vozkou].

Taxon Abbreviation Locality
Actinotaenium cucurbita (BREB.) TEILING Actcuc M, B, R, TA, TB, VS, V
Actinotaenium pinicolum Rosa Actpin M, B, S,R, TA, TB, VS, V
Actinotaenium silvae—nigrae var. silvae—nigrae (RABANUS) Actsil R, TB, VS,V

Kouwerts et COESEL

Actinotaenium silvae—nigrae var. parallelum (KRIEGER) Actpar M, B,S,R, TA, TB, VS, V
Kouwerts et COESEL

Actinotaenium cf. spinospermum (Josnua) KouweTts et COESEL  Actspn TB, VS,V
Actinotaenium cf. truncatum (BRrEB.) TEILING Acttru B,S,R, TA, TB, VS, V
Actinotaenium sp. Actspe S, TA, TB, V
Bambusina brebissonii Kutz. ex Kutz. Bambre B, TA, TB, V
Closterium cf. idiosporum WEsT et G. S. WEST Cloidi TA, TB

Closterium rostratum EHRENB. ex RALFs Cloros TA

Cosmarium caelatum RALFS — \"

Cosmarium difficile LUTKEM. Cosdif TA

Cosmarium cf. furcatospermum WEST et G. S. WEST Cosfur TA

Cosmarium cf. impressulum var. alpicolum SCHMIDLE Cosimp TA, TB, V

Cosmarium notabile BREB. Cosnot TA

Cosmarium obliquum var. obliquum NORDST. Cosobl VS,V

Cosmarium obliquum cf. var. tatricum (Gutw.) KRIEGER et — TB, VS,V

GERLOFF

Cosmarium pygmaeum ARCHER Cospyg B, TA, TB, VS,V
Cosmarium quadratum RALFS ex RALFs Cosqua TA

Cosmarium regnellii WILLE Cosreg TA

Cosmarium sphagnicolum WEST et G. S. WEST Cossph B, TB, V

Cosmarium subquadrans var. minor SYMOENS Cossub R

Cosmarium vexatum WEST Cosvex TA

Cosmarium sp. Cosspe B,S,R, TA, TB, VS,V
Cylindrocystis brebissonii var. brebissonii (MENEGH. eX Cylbre M, B, S,R, TA, TB, VS, V
RALFs) DE Bary

Cylindrocystis gracilis 1. HIRN Cylgra S,R, TB, V

Euastrum bidentatum NAGELI Euabid TA

Euastrum binale var. gutwinskii (ScHMIDLE) HOMFELD Euabin M, B, S, TA, TB, VS,V
Euastrum humerosum RALFS Euahum TB, VS

Euastrum insigne HASSALL ex RALFs Euains M

Euastrum subalpinum MESSIK. Euasub TA, TB,V
Haplotaenium minutum (RALFS) T. BANDO — VS

cf. Mesotaenium degreyi TURNER — TA,V

Mesotaenium endlicherianum NAGELI Mesend TA, TB,V
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Table 3 Cont.

Mesotaenium macrococcum (Kutz.) Roy et BISSET Mesmac S,R, TA, TB, VS, V
Netrium digitus var. digitus (EHRENB. ex BrEB.) ITz1Gs. et Ro-  Netdig B, S, TA,TB, VS,V
THE

Netrium digitus var. latum HUSTEDT Netlat B, TA, TB, VS, V
Netrium oblongum (DE BAry) LUTKEM. Netobl B,R, TB, VS

Penium exiguum WEST Penexi TA, TB

Penium polymorphum (PERTY) PERTY Penpol TB, VS,V

Staurastrum furcatum var. furcatum (EHRENB. ex RaLFs) BrREB.  Stafur R, TB

Staurastrum furcatum var. aciculiferum (WEesT) COESEL Staaci M, B, R, TA, TB, VS, V
Staurastrum hirsutum var. hirsutum (EHRENB.) ex BREB. in Stahir TA, TB, VS,V

RALFs

Staurastrum hirsutum cf. var. muricatum (|BREB.] BREB. ex — M

RALFs) KURT FORST.

Staurastrum margaritaceum (EHRENB.) MENEGH. X RALFS Stamar M, B, S,R, TA, TB, VS, V
Staurastrum punctulatum BREB. ex RALFS Stapun TA,V

Staurastrum simonyi HEIMERL Stasim TB, VS

Staurodesmus extensus var. isthmosus (HEIMERL) COESEL Stdext TA, TB, VS,V
Tetmemorus brebissonii (MENEGH.) RALFS ex RALFS Tetbre R

Tetmemorus laevis (KUtz.) RALFS Tetlae TA, TB, V

Xanthidium antilopaeum var. laeve SCHMIDLE Xanant R

similar trend as the species mentioned above, but
were found at more sites marked especially by
higher Mg concentrations (mostly at the Trojmezi
A bog), which is reflected in a deflection of their
vectors (Fig. 3a).

After analysis of relationships between the
physico—chemical factors and species composition
of sample plots, we focused on comparison of
whole bog localities. The RDA was used to
reveal the similarity/dissimilarity of the eight peat
bogs and to detect their distinctive species (not
displayed). Locations of sample plots in particular
mires were used as explanatory variables but their
effect on species composition was not proved
to be significant (P = 0.056; 499 Monte Carlo
permutations). It corresponds well with results of
the PCA ordination (Fig. 2a), which showed that
desmid assemblages varied much more among
different types of sample plots (e.g. lawns, pools)
than among particular peat bogs. The location
in particular bogs did not substantially influence
the desmid flora; the species composition was
primarily determined by the microhabitat type
and local physico—chemical parameters.

Nevertheless, the RDA enabled to

distinguish two different groups of peat bogs, more
or less corresponding with geographic position of
these bogs (see Fig. 1).

(a) The species—rich mires (24-33 desmid
taxa) of the Serdk—Keprnik NNR. They offer
more favourable environment for the most
desmids: especially several bog pools of various
sizes and less acid water (pH > 4). Actinotaenium
silvae—nigrae, A. cf. spinospermum, Cosmarium
cf. impressulum var. alpicolum, C. obliquum,
Euastrum subalpinum, Mesotaenium
endlicherianum, Penium polymorphum,
Staurastrum hirsutum, Staurodesmus extensus
var. isthmosus and Tetmemorus laevis seem to
be characteristic for these mires. The analysis
of respective desmid assemblages showed the
high biological quality of these sites, harbouring
several desmids considered to be rare and/or
indicative of stable ecosystems (CoeseL 1998;
StasTNY 2010). From this viewpoint, Trojmezi A
and Trojmezi B appear to be the most interesting
mires, as their nature conservation value reached
grade 8 according to CoeseL (1998). Especially
the Trojmezi A bog can be clearly distinguished
from all other mires due to the specific species
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composition related to higher pH, Ca and Mg
values. Eight desmid taxa (Euastrum bidentatum,
Cosmarium vexatum, C. regnellii, C. quadratum,
C. notabile, C. cf. furcatospermum, C. difficile,
Closterium  rostratum),  prefering  rather
mesotrophic, moderately acid environment, were
recorded only at this site in one pool (TA14), as
previously shown in the PCA and RDA (Figs 2a,
b, 3a, b).

(b) The species—poor bogs (9-16 desmid
taxa) of the Pradéd and the Rejviz NNRs. Their
low desmid diversity can probably be related to
unfavourable values of some of the key factors
influencing the species composition. In the case
of the mires M4j and Slat¢, we primarily consider
the lower humidity and a lack of typical bog pools
with submerged vegetation. Strong acidity (pH <
4) is most likely the main limiting factor in the
Barborka bog and especially in the Rejviz bog,
which is the most acid mire under the study (pH
=3.1-3.8).

The above mentioned comparison of bog
localities suggests that particular mires may
be rather perceived as complex factors, whose
effects on desmid diversity are largely determined
by their microtopography and physico—chemical
conditions.

Discussion

Regarding the algological potential of acidic
oligo—ombrotrophic mires (CoeseL 1998, 2001),
we can conclude that raised bogs in the Jeseniky
Mts harbour rich and valuable desmid flora. Their
desmid diversity is fully comparable with similar
habitats in other mountain areas — e.g. the Jizerské
hory Mts (STEPANKOVA et al. 2008), the Sumava
Mts (Leperer & SoukurovA 2002). The most
valuable assemblages were found at two bog sites
of Trojmezi within the Serak—Keprnik NNR. It may
be quite surprising, because they were affected by
air dispersion of dolomitic limestone during the
treatment of surrounding forests, last time in 1992
(RyBnicEk 1997). Till now, it is still obvious on
chemism of sample plots within the Trojmezi A
(primarily TA14) showing the highest pH, Ca and
Mg values among all sites investigated (Table
1). Several remarkable desmids are concentrated
here (Figs 3a, b) including taxa which are known
to prefer rather mesotrophic, moderately acid
environment (Ruzicka 1977, 1981; Coeser 1983,
1985, 1991; LenzenweGer 2003). So, several
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years after the contamination, we can see that the
typical oligotrophic desmid flora is still present (or
regenerated) at the concerned plots and, moreover,
the diversity of desmid assemblages might have
become higher as a result of the past limestone
treatment.

Another locality we want to discuss is
the Rejviz NNR. It is one of the largest and best
preserved bog complexes in the Moravia region
with a broad variety of biotopes: raised and
transitional bogs, fen and waterlogged meadows,
bog spruce and bog pine forests (KOLEKTIV AUTORU
2003; SaFAR 2003). Despite these characteristics,
we found a seemingly low number (16) of desmid
taxa here. However, this amount only refers to one
investigated part of the vast complex — it was the
central raised bog area with the Great Moss Lake,
adjacent bog pine stand and one transitional plot.
As mentioned above, these sites are characterized
by very low pH; moreover, the plots within the
bog pine forest may be partially influenced by
shading and low water table elevation (to —20
cm). Especially the strong acidity is the limiting
factor for many organisms. It is well known that
peat bogs with similarly low pH values are often
inhabited by a very few desmid taxa (e.g. LEDERER
1999; Novikova 2003; SenoHOVA et al. 2003).
Considering these facts, the 16 desmid taxa is
a relatively high number for the central part of
the Rejviz NNR. Some rare and/or ecosystem
stability indicating demids are also involved
in this amount. Thus, we think the desmid flora
corresponds with the generally pronounced
uniqueness and biological value of the locality
and desmid diversity of the whole bog complex
may be much higher than we found now.

The analysis of desmid distribution in rela-
tion to physico—chemical variables surprisingly
showed a very weak influence of -electric
conductivity (Fig. 3a; Table 2). In many studies
dealing with desmid (algal) ecology in peat bogs,
the effect of conductivity is presented as much
stronger and often also more or less negatively
correlated with effect of pH (e.g. LEDERER &
SoukurovA 2002; NovAkova 2005; STEPANKOVA et
al.2008). Our finding can be explained by two facts.
(I) We analysed conductivity values corrected for
the effect of hydrogen ions, i.e. after subtraction
of conductivity caused by H* (Siors 1952). This
correction gives lower values and decreases the
correlation with pH. (II) Conductivity values of
investigated plots created rather a short gradient —
probably insufficient to show the potential effect of
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this factor. Thus, in this case, species composition
of desmid assemblages was influenced much more
by concentrations of particular ions (especially
Mg?*) than by the electric conductivity (i.e. total
amount of dissolved ions).

Among all chemical substances measured
and statistically tested, the Pb content appeared
as the most important factor influencing the
species composition (Fig. 3a; Table 2). However,
we should make a comment on this result to
prevent the potential overestimation of Pb effect.
Concentrations of metallic elements such as Pb,
Fe, Mn or Al are known to be highly variable in
time and space and dependent on the actual water
table elevation (RysniCEk 1997, 2003). Also
our measurements show that the Pb content can
fluctuate even in a range of several tens pg.l™
during one year at the same plot (unpublished
results). As the statistical evaluation by the RDA
was related only to the data set derived from the
sampling in summer 2008, we can not corectly
assess the relationship between Pb and desmid
distribution. Thus, further monitoring of this
metallic element is required.

Desmid distribution among the investigated
plots was related to 18 physico—chemical factors in
RDA (Figs 3a, b). This relatively high number of
important environmental variables explained just
73% of the species variation. It raises the question,
what other factors may participate in the remaining
amount ofthe variation. We particularly think about
following: a/ influence of neighbouring sample
plots (mentioned previously); b/ phytocenological
characteristics ~ (reflecting the successional
history of particular plots); ¢/ factors of island
biogeography (especially size and mutual position
of the respective bogs). From the list above, we
would like to discuss the potential influence
of phytocenological characteristics. Within
the bogs of the Pradéd and the Serdk—Keprnik
NNRs, Rysnicek (1997) recognized eight basic
vegetation types (subassociations) representing
a successional series (see Material and methods).
It is well known that these vegetation types are
correlated with some physico—chemical variables,
primarily with water table elevation (RyBNiCEK
1997) which is a key factor for desmid distribution.
We suppose the pure effect of vegetation type was
not very strong. But in some cases, it may be a
useful tool for explanation of species composition
within some investigated plots. The lawn site
M3 can serve as a suitable example. In the RDA
diagram (Fig. 3b), displaying the plots only
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according to the species variation explainable by
the physico—chemical factors, this site is placed
within the group of other lawns quite clearly. On
the contrary, in the PCA diagram (Fig. 2a), where
investigated plots were ordered according to the
entire species variation, M3 is placed somewhat
closer to the group of pools. Moreover, the DCA
(not displayed) ordered this plot directly among
the pool-samples. Vegetation of M3 classified
as Drepanoclado fluitantis—Caricetum limosae
subas. sphagnetosum capillifoliae represents a
terminal successional stage of bog pools — after
their terrestrialization (RyBNiCEK 1997). This
successional history may be reflected in the
species composition of the respective plot, which
still retains some features of pools: absence/very
rare occurrence of Actinotaenium silvae—nigrae
var. parallelum and A. pinicolum (desmids
typical for lawns), remnants of Euastrum insigne,
Staurastrum furcatum var. aciculiferum and S.
hirsutum (desmids typical for pools).

Taxonomical Part

Results and Discussion

During our study in the Jeseniky Mts, we found
several desmid taxa remarkable for their rare
occurrence and/or morphological variation. These
finds are discussed in the text below.

Actinotaenium pinicolum Rosa (Fig. 4a)

(L.: 1020 pm, B.: 5-7.5 pm)

The species was described for science by Rosa
(1959), after being detected among the edaphon
in the pine-woods in South Bohemia (Czech
Republic). During the following three decades, no
other localities were recorded and the species was
generally considered very rare in Europe (RUZi¢kA
1981; CoEeskeL et al. 2006). Later it was found by
KouweTs (1988) in very low numbers in two small
dessicating bog—pools in the French Jura. CogseL
et al. (2006) recorded it on a dried Sphagnum
hummock as a new species for the Netherlands.
The most recent finds in the Czech Republic were
made in several bog—lawns in the Jizerské hory
Mits (STEPANKOVA et al. 2008).

In the Jeseniky Mts, we recorded the
species at all the localities investigated with a
distribution pattern suggesting a strong preference
for subaerial microhabitats — abundant at
Sphagnum lawns, rare in pools (Figs 2a, b, 3a),
fully corresponding with the finds mentioned
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above. Within these populations, a broad
morfological variability was displayed. The cell
shape and dimensions changed continuously from
the typically developed individuals, as presented
e.g. in Ruzicka (1981), to very small forms with
a somewhat simplified shape. Kouwgts (1988)
found only specimens considerably smaller (12—
14.5 x 5.5-6 um) than was earlier reported by
Rosa (1959) and Ruzicka (1981) (16-23 x 7-9
um). As he studied only bog pools and noted just
a few cells, a survey of broader variability was
less probable. Now, we have recorded a wider
variation range of Actinotaenium pinicolum at
the same time and place. In the Slaté mire, two
individuals were observed forming a globular
zygospore with rounded conical protuberances,
fitting the description given in Ruzicka (1981).

Besides the discussed area, the desmid was
also identified during occasional sampling of the
transitional bog Sktitek (the Jeseniky Mts) and a
small bog on alpine pasture (Parco Nazionale dello
Stelvio, North Italy) (StepANkova, unpublished
results). Thus, the recent observations support the
thought of Ruzicka (1981), that A. pinicolum may
be a more common element of bog microflora
than previously expected.

Cosmarium cf. furcatospermum West & G.S.
West (Fig. 4¢)

(L.: 1920 pm, B.: 15-16.5 um)

The species, known mainly from moderately acid,
mesotrophic habitats, is rare in central Europe
(CoEseL 1998; Gutowskl & MOLLENHAUER 1996;
LenzENWEGER 2003). The database of cyanophytes
and algae of the Czech Republic (PouLickovaA et
al. 2004) includes only four historical records of
Cosmarium furcatospermum, two of them from
spring areas in the Jeseniky Mts (Ruzicka 1957,
RyBNiCEK 1958). Recently, it was only reported by
StasTNY (2010).

We found the species in one sampling plot
of the Trojmezi A bog characterized by higher
pH, Ca and Mg values (Figs 3a, b; Table 1).
Our findings correspond well to the habitat type
given e.g. by Wurm & Krisar (1993) as well as to
ecological characteristics and drawings presented
in LENZENWEGER (1999, 2003). However, slight
morphological differences can be detected when
comparing these with drawings made by CoESEL
(1991) or WEsT & WEST (1908). Thus, it is possible
that there are some inconsistencies in taxonomy
of this species in related scientific literature. A
review of this problem will be required, including
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a detailed study on morphological variation and
ecology of the species in question.

Cosmarium notabile Bri. (Fig. 4b)

(L.: 28-31.5 pm, B.: 20 pm)

Cosmarium notabile seems to prefer slightly acid,
oligo—mesotrophic habitats of sub—aerial character
(CoEseL 1998; Stastny 2010). It was generally
considered very rare in central Europe and often
presented only as var. transiens INsam & KRIEGER
(CoeseL 1991; LenzenweGer 2003). However, a
recent extensive investigation made by StasTny
(2010) proved its occurrence at 13 localities within
the Czech Republic, suggesting that the species
is more wide spread than previously thought. As
it primarily inhabits less studied biotopes such
ephemeral pools, ditches or wet rocks, it may be
often overlooked (STAsTNY 2008).

During our study, we repeatedly recorded
this alga at the Trojmezi A bog. It was scattered
throughout one sampling site (Figs 2a, b) which
comprised of a small pool with adjacent Sphagnum
growth, well corresponding with habitat types
mentioned above.

Cosmarium obliquum cf. var. tatricum (Gutw.)
KRrieGeR & GERLOFF (Figs 4g, h)

(L.: 1520 pm, B.: 12.5-14 pm)

The occurrence of this alga has only rarely been
reported from Europe, especially from acid
oligotrophic mires in montane regions (e.g. JOHN
et al. 2002; LeENzeNWEGER 2003; MARTELLO cf.
2003). Compared with larger individuals (25-29
x 20-22 um) of the more spread type variety, it is
characterized by its small cell size (11-12 x 10—
11 pum), flat truncate apex and more constricted
cell-sides (LENZENWEGER 1999).

In the course of our investigation, typical
specimens of the nominal variety of C. obliqguum
were collected (24-27.5 x 21.5-22.5 pm).
Besides these, obviously smaller forms with very
slightly concave apex were also encountered — in
some cases together with the nominal variety at
the same plot, and/or separately. The dimensions
(especially length), are somewhat larger than
given by LENZENWEGER (1999), but corresponding
well to a record from Italy (18 x 16 pm) made
by MartELLO (cf. 2003). Considering the cell
size and apex shape, it appears that there exists
an intermediate type between nominal var. and
var. tatricum. This raises the question, that if the
variation range of C. obliguum may be much
broader than usually considered (even as far as var.
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tatricum is involved) or if true intraspecific taxa
really exist, characterised by well distinguished
size—categories based e.g. on different ploidy
levels (Kasar & IcHiMura 1987; KouweTs 1988).

Cosmarium subquadrans var. minor SYMOENS
(Figs 4i, j)

(L.: 12.5-16.5 pm, B.: 15-19 pm)

CoeseL & MEESTERS (2007) regard this alga
as very rare in the Netherlands. Judging from
its absence on many national check—lists (e.g.
GuTOowSsKI & MOLLENHAUER 1996; KOSTKEVICIENE
et al. 2003; LenzeNweGer 2003), it is probably
very rare in whole Europe. Also in the Czech
Republic, no historic reports on this taxon are
available (PourickovA et al. 2004). Recently, it
was found by StastNY (2010) at a few remarkable
bog localities, such as the Swamp Nature Reserve
(North Bohemia).

During our study, we repeatedly recorded
numerous individuals at a site where the
characteristics resemble the environment of the
Swamp mire — very acid transitional bog covered
with extensive Sphagnum growths, adjacent to
Pinus rotundata stands.

Euastrum subalpinum MEessik. (Fig. 4f)

(L.: 13-20 pm, B.: 10.5-15 pum)

The species occurs rather rarely or scattered in
Europe, especially inmoderately acid, mesotrophic
wetlands (Ruzicka 1981; CoeseL 1985; GuTowskl
& MOLLENHAUER 1996; KOSTKEVICIENE et al. 2003;
LenzeENWEGER  2003). Similarly, rather sparse
records have been published from the territory
of the Czech Republic (Ruzicka 1973; StasTny
2008, 2009).

In the Jeseniky Mts, Fuastrum subalpinum
was recorded in several shallow pools between the
Keprnik and the Vozka peaks, where it appears to
retain stable populations. A broad morphological
variability was observed. Cell dimensions and
length/breadth ratio (1.20-1.46) continually
changed across the extent of both nominal variety
and var. crassum MEssiK. as well (compare e.g.
with RUzickaA 1981; LENZENWEGER 1996). This data
supports the earlier opinion of Ruzicka (1981),
that var. crassum may just represent a marginal
diversion in the frame of the nominal variety (and
as such lose its taxonomical relevance).
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Penium exiguum West (Fig. 4e)

(L.: 31.5-68 pm, B.: 12-12.5 pm)

The species, characteristic of acid, oligotrophic
Sphagnum bogs, is thought to be scattered or rare
in Europe (Ruzicka 1977; CogsiL 1982; GUTOWSKI
& MOLLENHAUER 1996; KOSTKEVICIENE et al.
2003). Similarly, only a few recent records have
been made in the Czech Republic, coming from
mire complexes of exceptional biological value:
the Biehyné—Pecopala NNR (Stastny 2005),
peat bogs in the Jizerské hory Mts Protected
Landscape Area (STEPANKOVA et al. 2008) and
the Swamp Nature Reserve (Stastny 2009). The
latter author considers the species very rare in the
Czech Republic (Stastny 2010).

We repeatedly found a rich population
of Penium exiguum in a shallow pool at the
Trojmezi A bog. As the above mentioned sites are
all localized in north Bohemia, our find can be
regarded as the first one in the Moravia region.

Xanthidium antilopaeum var. laeve SCHMIDLE
(Fig. 4d)

(L.: 70-75 pm, B.: 57.5-62.5 um)

Xanthidium antilopaeum var. laeve obviously is
much less wide spread in Europe than the type
variety of the species (CoeseL 1994; GuTowskl
& MOLLENHAUER 1996; LENZENWEGER 2003). Also
in the Czech Republic, it is considered as a rare
taxon (PouLiCKOVA et al. 2004; Stastny 2010). It
appears well distinguished from the type variety
by a widely open sinus, rounded at the top, and
by the lack of a middle cell-wall ornamentation
(LENZENWEGER 1997).

In the Jeseniky Mts, we recorded the taxon
only in the shore—zone of the very acid lake at the
Rejviz bog (Figs 3a, b). Within the population, a
remarkable variability of cell-wall sculpture was
noticed repeatedly, in different seasons. Besides
the typical smooth—surfaced individuals, a large
number of specimens were bearing a distinct
node (looking like a strong reduced spine) in the
semicell—centre.

Conclusions

During our study, a remarkably broad
morphological variation was observed within
several desmid populations. Besides some
examples discussed above, it also refers to
several other taxa. On the one hand, some species
(e.g. Euastrum subalpinum, Netrium digitus,
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Staurastrum furcatum) showed broad continuous
variation including morphotypes which have
been traditionally presented as separate varieties
or even species. It corresponds well with critical
opinion of other authors (e.g. Ruzicka 1977;
Kouwets 1988; CoeseL & KrieniTz 2008) that
many redundant desmid taxa were described on the
basis of only one or a very few specimens. Then,
excessive taxonomical value was attached to small
morphological differences or anomalies without
detailed knowledge of phenotypic variation in
concerned species. On the other hand, we also
found some examples of discontinuous variation
in the frame of some taxa: well distinguished size—
categories (Cosmarium obliguum), developing
of extra spines (Xanthidium antilopaeum var.
laeve); different degrees of radiation (bi— and
triradiate forms of Cosmarium pygmaeum and C.
sphagnicolum). If such morphological differences
become fixed genetically and maintained in stable
populations, they can be classified as true separate
taxa (e.g. varietes) as thinks KouwgTs (1988).

In many aspects, our findings closely
resemble the observations made by Kouwers
(1988) in mountain bogs in the French Jura. He
states broad morphological variation may be
induced by extreme environmental factors: in
shallow bog pools, algae are exposed to periodical
dessication, sharp temperature fluctuations
and high UV radiation. It is probable that such
conditions stimulate microevolutionary processes.
Various mutations, like changes in ploidy level,
may be induced more frequently here and then
be reflected in the discontinuous morphological
variation within the concerned taxa as mentioned
above. CoeseL & KrieniTz (2008) pointed out that
desmids are haploid organisms, so most mutations
are immediately expressed in the phenotype
and their predominant clonal reproduction may
readily result in the formation of microspecies.
From this viewpoint, shallow periodical bog pools
in mountain (especially alpine) areas, where the
UV radiation is stronger, might be considered as
examples of an ,,evolutionary soup®.
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Abstract: The present paper focuses on the epipelic cyanobacteria and algae (particularly desmids). Altogether 45
sediment samples were taken at ponds covering a pH/conductivity and trophic gradients. Statistic evaluation based
on environmental variables measured, divided localities into four major groups differing also by sediment quality and
its algal flora. Altogether 39 cyanobacterial species were found including sedimented planktic or litoral forms, with
prevalence of motile filamentous genera (Komvophoron, Oscillatoria, Phormidium, Pseudanabaena). Although,
the majority of 42 desmid taxa belongs to commonly occurring species with a wide ecological amplitude, several
remarkable taxa occurred mostly at oligo/dystrophic sites with sandy sediments. The highest species richness of
euglenophytes was found on the muddy sediments (both oxygenated and anoxic). Other epipelic organisms were
represented by Gymnodinium aeruginosum, Paulinella chromatophora and various protozoa, feeding on epipelic

algae (Amoeba, Urceolus cyclostomus).

Key words: epipelon, cyanobacteria, desmids, ecology

Introduction

Epipelic algae can perform a range of ecosystem
functions, that include Dbiostabilisation of
sediments, regulation of benthic-pelagic nutrient
cycling, and primary production. There is a
growing need to understand their ecological role in
light of current and future alterations in sediment
loading resulting from land-use change and land
management practices (PouLickovA et al. 2008a).
Thestudy of epipelic (cyanobacteriaand eukaryotic
algae that live on or in association with fine-
grained substrata) algal ecology was pioneered
within freshwater habitats by Rounp (1953, 1957,
1961, 1972). However, interest did not develop
to the same extent as in other important areas of
freshwater research, most prominently the study
of eutrophication and phytoplankton ecology.

Lake/pond sediments differ in structure,
chemical composition and in inhabiting
organisms. Freshwater epipelic assemblages are
mainly dominated by diatoms, cyanobacteria,

euglenopytes, cryptophytes, dinophytes and
chlorophytes, particularly by motile forms
(LysAkova et al. 2007, PouLickovA et al. 2008a).

Motility seems to be a common feature
of most autochthonous epipelic cyanobacteria
and algae allowing them to migrate vertically
within sediments (Rounp & EAToN 1966, HAPPEY-
Woop 1988). In addition, resting stages and
settled cells of planktic algae (allochtonous
part of bentic assemblages) can be found on the
bottom (Sicko-Goap et al. 1989, BELMONTE et
al. 1997). The bottom sediment is an important
source of nutrients, their cycles strongly depend
on microorganisms inhabiting bottom anaerobic/
aerobic microhabitats (Lock et al. 1984, PAERL
1990).

The microorganisms distribution on the
lake/pond bottom is influenced by environmental
variables, particularly temperature, oxygen,
light, chemical gradients (BURKHOLDER 1996,
PouLickovA et al. 2008a).

Although epipelic diatoms representamodel
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assemblage for studies on reproductive biology,
cryptic speciation and geographic biodiversity
(MANN & Droor 1996, MaNN 1999, MANN et al.
1999, LysAkovA et al. 2007, ManN et al. 2008,
PouLickovaA et al. 2008b), except for the studies by
Rounbp (1959, 1961, 1972) epipelic cyanobacteria
and algae have been largely overlooked.

The present study focuses on diversity of
epipelic cyanobacterial and algal (particularly
desmid) flora of the Czech Republic in relation to
selected environmental variables.

Methods

Altogether 45 sediment samples were taken in
May 2007 at sites (Fig. 1., Table 1), covering a pH/
conductivity and trophic gradients (from dystrophic/
oligo-mesotrophic to alkalic, eutrophic/hypertrophic
ponds).

Samples were taken using a glass tube as
described by Rounp (1953). The mud—water samples
were poured out into plastic boxes and allowed to
stand in the dark for at least 5 h. Then the supernatant
was removed by suction and the mud covered with
lens tissue. In response to the continuous illumination
provided, epipelic algac moved up through the lens
tissue and attached themselves to cover slips placed
on top. These were removed at intervals and either
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examined immediately, or used for isolation (by
streaking) on agar plates, or incubated in (1) Zehnder
medium (StauB 1961) and (2) Bristol-Bold medium
(BoLp 1949). Incubated cover slips and cultures were
maintained at 18 °C under cool-white fluorescent lights
(irradiation of 20 umol.m?.s!) with 12 h light per day.
Environmental variables (temperature, pH,
conductivity) were measured in situ using instruments
from the WTW company (Wissenschaftlich-Technische
Werkstitten GmbH, Weilheim, Germany), transparency
was measured in sifu using a Secchi disc. Nutrient and
chlorophyll-a concentration were analysed following
standard methods (VERNON 1960, HEKERA 1999).
Photomicrography was carried out using a Zeiss
Axioimager with a Zeiss Axiocam HRc digital camera
(images captured and managed via Imaging Associates/
Zeiss Axiovision Version 4.5 imaging software). Bright
field (BF) or differential interference contrast (DIC)
optics were used at x100 (planapochromat lenses,
nominal numerical aperture 1.32 or 1.4).
Hierarchical clustering analysis was carried out with
the environmental variables (Ward’s method, NCSS
software).

Results

The ecological evaluation of investigated
ponds
Statistic evaluation based on environmental

- investigated localities

44-45 ”\'&
Olomouc

Brio 20-25

18-19

Fig. 1. Map of investigated localities in the Czech Republic. For detail description see Table 1.
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variables measured (Table 1), divided localities
into four major groups (Fig. 2). Group no. L
includes ponds with low conductivity (below
300 uS.cm™), high pH (usually above 9) and
the highest concentration of total nitrogen
from all samples. Bottom sediments of these
localities (Bukova, Drahany, Protivanov) can be
characterized by medium-high proportion of sand
grains (sandy-muddy). Group no. II. includes sites
(e.g. Hamersky, Lounovicky, Vrah, Hrdibofice,
Tovacov, Zahlinice) characterized by high
conductivity (usually above 500 uS.cm™), slightly
alkalicpH (7.5-8.5) and low nitrogen concentration
(usually 2-2.5 mg.I"" ). The sediments contained
a black surface layer of detritus and organic
material. Group no. III. includes oligo/dystrophic
ponds (Btehynsky, Strazovsky, Pavlov, U tfech
kratkych) with low conductivity and pH (see Ta-
ble 1). The collected sediments were usually sandy
with a very low portion of decomposing organic
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material. Group no. I'V. mostly included eutrophic
ponds with muddy or muddy-sandy sediments
(Rozmberk, Stary kanclit, Velky Tisy, Bezednik)
with very low conductivity (below 200 puS.cm™),
alkalic pH (above 8) and very low N/P ratio.

Occurrence of cyanobacteria

Cyanobacteria formed an important part within
the epipelon. Altogether 39 species were found
including sedimented planktonic or littoral species
(Table 2, Figs 3—16), with prevalence of motile
filamentous forms. We noticed differences in
species richness and abundance of cyanobacteria
among sampling sites, the highest being at
sites with sandy-muddy sediments (groups No.
IV., pond Bezednik, Horni Ves), in contrast to
uniform substrate (only sandy/muddy; group No.
I., pond Protivanov). Sites with anoxic muddy
sediments (group No. II., pond Vrah) were poorly
colonised.

V. — 158
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I11. L27
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Fig. 2. Hierarchical clustering analysis of the investigated localities, based on the environmental variables (Ward’s method).
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Table 1. Measured environmental variables (Alt — altitude in m.a.s.l., Shad — shading by surrounding vegetation in %, Temp -
temperature in °C, Cond — conductivity in uS.cm, Trans — transparency in cm, N — total nitrogen in mg.I"", P — total phospo-
rus in mg.I"", Alk — alkalinity in pmol, Si — silica in mg.l"!, Chl-a — chlorophyl a concentration in pg.1'").

No. Locality GPS

tot

Alt
Shad
Temp
Cond

pH
Trans

N tot
P
Alk
Si
Chl-a

L1 Drahany N 49;25;54;8 380 0 141 195 738 120 6.5 0.13 029 3488 16.12

E 16;52;34;9

L2 Protivanov N 49;28;12;2 615 0 134 201 993 240 6.5 0.16 0.29 3.085 6.38
E 16;48;41;7

L3 Obora N 49;27;44;,3 610 10 140 175 750 270 0.8 0.12 0.27 4907 3.78
E 16;47;54;9

L4 U 3 kratkych N 49;28;47;5 610 50 11.7 112  6.76 220 0.3 0.21 0.20 6.616 5.53
E 16;47;35;0

L5 Suchy 1 N 49;28;52;5 673 0 149 290 10.90 40 59 0.62 0.98 2409 265.47
E 16;45;49;5

L6 Suchy 2 N 49;28;54;5 674 0 150 125 7.82 130 09 0.09 0.13  2.042 6.17
E 16;45;40;2

L7 Pavlov N 49;30;57;7 680 30 147 200 7.28 140 1.9 0.06 0.51 2986 9.40
E 16;47;23;6

L8 Bukova N 49;30;39;4 630 0 16.7 181 9.41 50 5.1 0.16 0.47 1.680 32.84
E16;49;51;4

L9 Nadgje N 49;07;07;7 430 80 16.8 220 8.89 75 0.7 0.24 5.68 0.888 10.68
E 14;44;31,3

L10 Velky Tisy N 49;04;04;,2 429 0 153 245 833 190 0.5 0.23 3.00 1.730 45.01
E 14;42;25;6

L11 Maly Tisy N 49;03;13;8 435 10 16.8 245 .18 35 3.0 0.69 4.00 1.333 70.40
E 14;44;57;0

L12 Rozmberk N 49;02;53;3 441 20 17.5 205 8.59 8 1.9 0.28 2.10 2.880 29.95
E 14;45:43;6

L13 Opatovicky N 48;59;13;9 445 50 174 215 7.60 55 1.1 024 2.62 0922 34.06
E 14;46;43;4

L14 Stary kanclit N 48;58;05;6 455 40 189 165 10.38 35 1.8 0.39 2.52  0.532 140.49
E 14;53;43;6

L15 Hejtman N 48;57;32;4 469 0 234 132 765 110 04 0.19 0.85 0376 19.26
E 14;56;20;8

L16 Stankov N 48;58;31;9 483 0 19.5 133 9.16 80 1.0 0.15 1.02 0964 25.79
E 14;57;26;7

L17 §pac‘:kov N 48;58;31;,9 483 10 182 188 7.76 25 24 039 333 2127 66.19
E 14;57;26;7

L18 Bezednik N 49;17;58;2 323 50 139 461 9.10 200 0.1 0.13 4.13  1.906 4.05
E 17:43;35;1

L19 Horni Ves N 49;17;45,0 316 10 153 429 810 120 09 0.16 8.87 3.168 9.34
E 17:42,03;7

L20 Zahlinicel N 49;17;14;6 198 0 157 670 7.93 30 33 0.38 2.88 2982 69.00
E 17;28:41;1

L21 Zahlinice2 N 49;17;14;6 198 10 16.0 770 7.78 40 1.7 0.35 354 2525 88.13
E 17;28:41;1

L22 Chropynd  N49;21;25:4 207 50 155 422 768 80 15 024 244 1932 28.02
E 17;22;14;1
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Table 1 Cont.

No. Locality GPS
= 2 & = & 3 s M ~ =
< 5 & 5§ R g 2 & % 7 3
L23 Tovacov N 49;26;06;8 206 50 159 267 7.38 25 23 039 1.29 3.510 97.52
E 17;17;35;6
L24 Hrdibotice 1 N 49;28;56;1 213 50 16.1 726 794 40 19 044 537 2467 64.38
E 17;13;31;2
L25 Hrdibofice2 N 49;28;56;1 213 10 17.5 729  8.00 40 1.5 0.20 5.01 2276 37.48
E 17;13;31;2
L26 Machovo N 5034344 266 0 159 303 8.70 40 1.3 0.02 1.96 1599 11.20
lake E 14;39;00;0
L27 Btehynisky N 50;34;32;9 266 30 17.6 203  7.09 70 04 0.02 1.21  1.259 10.60
E 14;41;35;7
L28 Cemy N 50;36;30;6 279 30 11.1 306 7.69 - 0.9 0.02 248 3.570 2.30
E 14;45:46;1
L29 Vavrouskiv N 50;36;35;4 287 10 18.1 293 8.05 240 0.3 0.02 220 2494 8.76
E 14;45;01;9
L30 Strazovsky N 50;36;38;3 279 10 183 299 777 250 0.1 0.01 2.07 2.866 6.31
E 14;44;29;8
L31 Tanuletisté N 50;36;51;0 289 50 190 221 7.50 150 0.1 0.03 1.13  1.568 6.73
E 14;43;48;1
L32 Hrad¢ansky N 50;37;05;6 287 30 184 245 757 120 0.1 0.01 1.68 2.009 13.46
E 14;42;26;5
L33 Novozamec- N 50;37;44;7 261 0 19.7 332 890 140 0.8 0.01 2.05 3.700 7.68
ky E 14;32;12;1
L34 Hostivar N 50;02;23;3 262 30 19.1 437 8.46 55 1.8 031 1.34 1998 26.08
E 14;31;53;6
L35 Hamersky N 50;03;08;3 220 50 18.6 748 7.47 30 2.6 0.34 1.74 3.504 48.32
E 14;29;16;7
L36 Vrahl N 50;01;50;9 263 30 19.3 722 7.7 45 25 041 1.69 5439 42.57
E 14;32;53;4
L37 Vrah2 N 50;01;44;1 274 30 19.6 543 7.32 30 22 035 2.37 2768 33.25
E 14;32;50;9
L38 Homolka N 50;01;38;4 212 70 173 660 9.82 50 34 049 1.40  9.549 6.73
E 14;32;42;1
L39 Milicov N 50;01;34;,0 302 30 19.5 778 17.65 50 2.0 0.28 3.08 2710 19.13
E 14;32;27;0
L40 Pozar N 49;59;15;5 419 0 19.3 556 7.59 55 29 026 2.15 4.526 5.06
E14;45;24;2
L41 Lounovicky N 49;59;07;,0 412 10 185 511  8.17 20 2.0 0.37 1.85 7.194 45.59
E 14;45;59;7
L42 Jevansky N 49;58;43;7 395 70 18.6 431 8.50 25 22 041 1.39 4.664 59.79
E 14;47;13;8
L43 Parez N 49;59;05;5 418 70 184 534  17.39 25 25 0.34 1.51  7.159 19.30
E 14;46;33;5
L44 LiSnice N 49;45;42;0 320 0 18.0 457 17.56 50 1.7 0.19 1.15 5.635 45.82
E 16;51;39;0
L45 Obectov N 49:43;39;0 329 100 180 296 7.26 65 3.7 0.29 0.66 4.833 185.06

E 16;55;43;0
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The genera Geitlerinema, Komvophoron,
Phormidium and Pseudanabaena occurred in the
majority of samples. The most frequent species
occurring in high abundances were the following:
Ps. catenata, Ph. tergestinum, K. minutum, K.
constrictum and G. splendidum. Geitlerinema
was lacking or rare in the localities with high
conductivity (> 500 uS.cm™'). Cyanobacterial
species new for the Czech Republic or science
within the genera Komvophoron and Isocystis will
be discussed elsewhere (HASLER & POULICKOVA,
unpublished). All taxa occurring under anoxic
conditions were motile, poorly pigmented/almost
colourless filamentous forms (Arthrospira,
Komvophoron, Phormidium, Spirulina). Planktic/
meroplanktic forms were represented by genera
Aphanocapsa,  Merismopedia, — Microcystis,
Planktothrix, dominating usually at the same time
in pelagial.

Occurrence of desmids

In the course of the investigation, 42 desmid taxa
were encountered in epipelon-samples (Table 2,
Figs 17-27). Most of them belong to commonly
occuring species with a wide ecological amplitude
in relation to trophy and pH. It is especially
true of Closterium acerosum, CI. acutum, CI.
moniliferum, CI. tumidulum, Cl. venus, Cosmarium
formosulum, C. laeve, C. reniforme, Staurastrum
tetracerum  and  Staurodesmus  cuspidatus
occupying various types of aquatic habitats
from (moderately) acidic, (oligo-)mesotrophic to
alkaline, eutrophic ones (Ruzicka 1977, CoESEL
1998, LeENzENwWEGER 1997, 1999, 2003). These
species were distributed within all site groups (No.
I-IV., Fig. 2). Moreover, Closterium acerosum,
Cl leibleinii, Cl. moniliferum and CI. tumidulum
rank among the few desmids able to endure higher
levels of eutrophication and saprobity (RUZIiCka
1977, CoeseL 1983, LENZENWEGER 1996). High
abundances of such species are indicative of water
eutrophication (Gutowski et al. 2004). From this
species group. CL acerosum occured mostly at
sediments with high proportion of organic material
(group No. II).

Besides these common species, several
remarkable taxa were found mostly at oligo/
dystrophic sites (group No. III). Closterium
pseudolunula seems to be rather rare in middle
Europe (RuUzicka 1977, LeEnzeNweGeErR 2003)
and only 3 records have been published from
the Czech Republic (PourickovA et al. 2004b).
Cosmarium humile, widely distributed especially
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inmesotrophic, moderately acid to alkaline aquatic
sites, is indicative of mature, relatively stable
ecosystems (CoeseL 1991, 1998). C. laeve var.
octangulare,araretaxoninhabitingmainlymedium-
slightly acid, mesotrophic waters (LENZENWEGER
2003) and C. laeve var. pseudooctangulare
rarely found in slightly eutrophic, neutral-alkline
water bodies (CoeseL 1998, LENZENWEGER 2003)
are new for the Czech Republic (PouLiCkovA et
al. 2004b). C. subprotumidum, evaluated as rare
by LENZENWEGER (2003), is reported for the first
time from Moravia (PouLickovA et al. 2004b).
CoEseL (1998) assigned it indicative of mature
ecosystems. C. variolatum var. cataractarum, an
acidophilous, mesotrophic alga, rare in Europe
(CorseL 1998, LenzeNweGer 2003) and highly
indicative of finely balanced, mature ecosystems
(CoeseL 1998) may be considered as a new taxon
for the Czech Republic (PouLickova et al. 2004b).
The species C. vexatum var. lacustre, a rare taxon
in central Europe (LENzENWEGER 2003), has not
been recorded in our country so far (PouLickova
et al. 2004b). C. turpinii var. podolicum is a
conspicuous desmid with tendency to occure in
stable ecosystems of mesotrophic, neutral-alkline
character (CorseL 1998). It has been sparcely
reported from the territory of the Czech Republic
(e.g. FisHER 1920, Ruzicka 1957).

Staurastrum alternans, found at Vavrouskuv
pond (group No. III), may serve as an indicator of
stable ecosystems (CoeseL 1998). St. blocklandiae
(new for the Czech Republic), prefering neutral-
alkline, slightly eutrophic waters, is considered
to be very rare by LENzENWEGER (2003), but it
may be more frequent (CoeseL 1997). It could
be previously over-looked or is spreading
recently. St. brachiatum (new for Moravia
region) is characterized as an acidophilous, oligo-
mesotrophic species indicating mature ecosystems
(CokseL 1998, LENZENWEGER 2003). Although, the
vaste majority of desmids live in association with
substrate, they can be often observed in pelagial.
The truly planktic (euplanktic) species living in
large water bodies are rather exceptions among
desmids (Ruzicka 1977, CokseL 1998). These life-
form preferences were clearly reflected in species
assortment recorded during the study (Table 2).

Occurrence of other algae/organisms

The distribution of diatoms has been published
elsewhere (LysAkova et al. 2007). Euglenophytes
were represented by genera Euglena, Phacus,
Trachelomonas and several apochromatic taxa
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Table 2. List of cyanobacteria and desmids from the surface of bottom sediments. For localities see Table 1; living forms: E —

epipelic, L — litoral, P — planktonic species.

Taxon Locality Form
Cyanobacteria - coccal
Aphanocapsa sp. 24,36,45 L
Chroococcus limneticus LEMMERM. 2,7,18,19 L
Coelomoron pusillum (VAN GOOR) KOMAREK 25,38 L
Cyanogranis bassifixa HINDAK 14,19 L
Cyanogranis ferruginea (WAawRIK) HINDAK 45 L
Merismopedia elegans A.BRAUN in KUTZ. 18,22,25,29,34,36,39,44 L
Merismopedia punctata MEYEN 9,10,13,19,33,34,45 L
Microcystis aeruginosa (Kutz.) Kutz. 24,25,37,42 P
Microcystis wesenbergii (KOMAREK) KOMAREK in 25 P
KONDRATEVA
Snowella litoralis (HAYREN) KOMAREK et HINDAK 10,15,42,45 L
Cyanobacteria — filamentous
Anabaena sp. 14 L
Aphanizomenon gracile 14 P
Arthrospira jenneri STIZENBERGER €X GOMONT 45 E
Geitlerinema amphibium (AGARDH ex GOMONT) ANAGN. 2,4,6,5,22,23,26,29,39 E
Geitlerinema splendidum (GRev. ex GOMONT) ANAGN.  3,6,9,10,11,12,13,14,16,17 E
Isocystis cf. pallida WoroN. 18,36,43 E
Komvophoron constrictum (SZAFER) ANAGN. et KomA-  2,7,13,14,18,22,24,38,39,42,45 E
REK
Komvophoron minutum (SKUIA) ANAGN. et KOMAREK 2,3,6,9,11,12,13,15,16,19,22,23,24,25,2 E
8,2930,31,33,36,40,42,45
Komvophoron schmidlei (JAAG) ANAGN. et KOMAREK 1,9,10,13,15,38 E
Komvophoron sp. 22,25,36,40 E
Komvophoron sp. 9 E
Komvophoron sp. 22 E
Limnothrix redekei (VAN GOOR) MEFFERT 38 P
Nostoc sp. 11 E
Oscillatoria limosa AGARDH ex GOMONT 1,3,7,12,18,22,29,35 E
Phormidium acuminatum (GoMONT) ANAGN. et KoMA-  19,29,33,34,42 E
REK
Phormidium autumnale [ AGARDH] TREVISAN ex Go- 3,4,5,8,9,10,14,15,22,35,37,45 E
MONT
Phormidium chalybeum (MERTENS ex GOMONT) ANAG.  7,18,22,24,38.43 .45 E
et KoMAREK
Phormidium simplicissimum (GOMONT) ANAGN. et 9,12 E
KOMAREK
Phormidium terebriforme (AGARDH ex GOMONT) ANA-  5,7,29,40,43 .44 E
GN. et KOMAREK
Phormidum tergestinum [KuTz.] ANAGN. et KOMAREK 1,2,3,4,6,8,9,12,13,14,15,18,19,20,21,2 E
2,29,33,34,41,43,44,45
Phormidium sp. 19,36,38 E
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Taxon Locality Form
Phormidium sp. 21,22,32 E
Planktolyngbya limnetica (LEMMERM.) KOMARK.-LEGN. 10 P
et CRONBERG
Planktothrix agardhii (GoMONT) ANAGN. et KOMAREK ~ 9,13,37 P
Pseudanabaena catenata LLAUTERBORN 1,2,3,4,5,6,7,8,9,10,11,15,16,18,22,23, E

24,25,26,2930,31,32,33,36,40,42,43 .4

4,45
Pseudanabaena galeata BOCHER 12,13,14,15,17,28,43 L
Pseudanabaena limnetica (LEMMERM.) KOMAREK 7,9,13,14,15,22 L
Spirulina major Kitz. ex GOMONT 2,18,19,22.,40 E
Zygnematophyceae — Desmidiales
Closterium cf. acerosum (SCHRANK) EHRENB. ex RaLrs  7,23,25,40,41,43 E
Closterium acutum BREB. 26,36 E
Closterium leibleinii Kutz. ex RALFS 12,28 E
Closterium limneticum LEMMERM. 17,27,37,39,42 P
Closterium moniliferum (Bory) EHRENB. ex RALFs 31 E
Closterium praelongum var. brevius (NORDST.) WiLLl 32 P
KRIEG.
Closterium pseudolunula BoRGE 7,12,36 E
Closterium cf. tumidulum Gay 2,30 E
Closterium venus KUtz. ex RALFS 29,30,31 E
Closterium sp. 24 E
Cosmarium biretum var. trigibberum NORDST. 2,12 E
Cosmarium botrytis cf. var. tumidum WOLLE 2,29 E
Cosmarium_formosulum HoOFF. in NORDST. 33 E
Cosmarium granatum BREB. in RALFS 2,12,21,22,31,34 E
Cosmarium humile (GAY) NorDST. in DE Toni 31 E
Cosmarium impressulum ELFVING 26,31 E
Cosmarium laeve RABENH. 2,22.25,40 E
Cosmarium laeve var. octangulare (WILLE) WEST et G. 29 E
S. WEsT
Cosmarium laeve var. pseudooctangulare FRITSCH et 12,24 P
Ricn
Cosmarium cf. praecisum BORGE 31 E
Cosmarium pseudoornatum EICHLER et GUTW. 32 E
Cosmarium regnellii WILLE 2,31 E
Cosmarium reniforme (RALFS) ARCHER 29 E
Cosmarium subcrenatum HANTZSCH 12 E
Cosmarium subgranatum (NORDST.) LUTKEM. 30 E
Cosmarium subprotumidum NORDST. 22 E
Cosmarium tenue ARCHER 26 E
Cosmarium turpinii var. podolicum GUTW. 33 E
Cosmarium variolatum var. cataractarum RACIB. 31,32 E
Cosmarium vexatum var. lacustre MESSIK. 22,30,33 E
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Taxon Locality Form
Euastrum insulare (W1TTR.) ROY 31 E
Penium margaritaceum (EHRENB.) ex BREB. 2 E
Staurastrum alternans (BREB.) RALFS 29 E
Staurastrum anatinum f. paradoxum (MEYEN) Brook 27 E
Staurastrum blocklandiae COESEL et JOOSTEN 37,42 P
Staurastrum brachiatum RALFS 20,23 E
Staurastrum cf. manfeldtii DELPONTE 26 E
Staurastrum cf. planctonicum TEILING 27,42 P
Staurastrum tetracerum (KU1z.) RALFS 24,31,37,42 P
Staurastrum sp. 29 E
Staurodesmus cuspidatus (BREB. ex RALFS) TEILING 31 E
Xanthidium antilopaeum (Bres.) Kutz. 31 E

(e.g. Anisonema, Entosiphon). The highest species
richness was found on the muddy sediments
(group No. IL.) or anoxic muddy sediments (group
No. IV.). The most frequent species were: Euglena
spirogyra EHRENB., E. texta (DUJARD.) LEMMEREM.,
Phacus caudatus HUBNER, P, longicauda (EHRENB.)
Duiarp., P. monilatus STOKES, P. orbicularis
HUBNER, Strombomonas eurystoma PopOVA,
Trachelomonas hispida (PErTY) STEIN. The sandy
bottom sediments (group No. IIl.) were poorly
colonised, e.g. E. acus. Other epipelic organisms
were represented by Gymnodinium aeruginosum
F.SteIN, Paulinella chromatophora LAUTERBORN
and various protozoan, feeding on epipelic algae
(Urceolus  cyclostomus (F.STEIN) MERESCHK.,
Amoeba).

Discussion

Epipelic assemblages at 45 ponds covering trophic
and pH/conductivity gradients were found highly
diverse, even more than expected. They were
dominated by diatoms (185 species; Poulickova,
unpublished.), cyanobacteria (39 species) and
desmids (42 species). Other groups were less
abundant. Rounp (1953) have found in Malhalm
Tarn 16 species of cyanobacteria (Coelosphaerium
kuetzingianum NAGeL1, C. pusillum VAN GOOR,
Aphanothece  stagnina  (SPRENG.) A.BRAUN
in RaBenH., Chroococcus turgidus (Kutz.)
NAGELL, Synechococcus aeruginosus NAGELI,
Merismopedia  glauca  (EnrenB.) Koz,
Pseudanabaena catenata LAUTERBORN, Anabaena
constricta (Szarer) GEITLER, Oscillatoria limosa

AGARDH ex GoMmonT, O. splendida GREvV. EX
GoMonT, O. irrigua Kutz. ex GOMONT, Microcystis
spp. and Cylidrospermum spp.) and 9 species of
desmids (Netrium oblongum (DE BArY) LUTKEM.,
N. digitus (EHRENB.) I121GS. et RoTHE, Cosmarium
punctulatulum BRrEB., Closterium ehrenbergii
MENEGH. ex Ravrrs, C. moniliferum (Bory)
EHRENB. ex RaLFs, C. aciculare T. WEST, Euastrum
pectinatum (BREB.) BREB., E. denticulatum GAY).
Although, data recorded by Rounp (1957) from
English Lake District (cyanobacteria 20 species,
desmids 35 species) are comparable to ours, only
few species can be considered as truly epipelic.
That is a question, whether planktonic species,
can be included into evaluation of the epipelon.
We tried to highlight dominant lifestyle of species
(based on our experience and published data) in
Table 2.

The distribution of epipelic species
(cyanobacteria and desmids) seems to be
influenced primarily by sediment quality. Statistic
evaluation based on all environmental data divided
localities into 4 groups with different sediment
quality. Group I. can be characterized by sandy-
muddy sediments and low conductivity, group II.
had high proportion of organic detritus and high
conductivity, group III. include oligo/dystrophic
sites with sandy sediments and group IV. eutrophic
localities with muddy sediments.

Rounp (1953) recognized four basic types
of sediments, which were found in Malhalm Tarn
(UK) —black flocculent peat nature, containing the
partially decayed fibrous remain of Angiosperms
and Bryophytes; greyish calcareous sediment,
containing sand grains; sediment with encrusted



142

Chara fragments; none calcium carbonate peat
sediments with fragments of higher plants. These
cannot fully correspond with our types, because of
geological uniqueness of Malhalm Tarn region.
Lakes within English Lake District were divided
(Rounp 1957) only into two groups according to
amount of organic content: 1) more productive
lakes dominated by cyanobacteria with organic
sediments or higher amount of organic substances
in the sediments (above 26%), 2) the ,,rocky*
lakes with very low cyanobacterial produktivity
and with an organic content below 22%.

The similar pattern can also be found in
Czech ponds, but the productivity of fishponds
is mostly artificial, influenced by human impacts
and the type of management (PouLiCkovA et al.
2008). Eutrophic localities used for intensive fish
production had high proportion of euglenophytes
and cyanobacteria. At the same time, no desmids
or just few desmid species tolerant to such
conditions were recorded there. On the contrary,
nutrient poor water bodies with sandy sediments
(group II1.) could be characterised by occurrence
of remarkable desmids. Our data could not bring
any information about the seasonal changes within
the epipelic assemblages, studied previously by
Rounp (1961). The seasonal maximum of epipelon
can be expected from March — June, while cold
months (October — February) can be considered as
seasonal minimum in English Lake District area
(Rounp 1961).

Lakes/ponds accumulate vast amounts
of ecological and chemical information in their
sediments, which can be used to reconstruct
past changes in lake ecosystems (HALL & SmoL
2001, PourickovA et al. 2008c). As species-
specific responses to environmental changes
occur, particularly diatoms/desmids are useful
bioindicators in the study of anthropogenically
mediated environmental change (CorseL 1998,
2003, HarL & Smor 2001). However, the
use of epipelon for biomonitoring of recent
environmental changes has caused controversy.
Epilithon is considered as the most suitable
substrate for monitoring streams (Rounp 1991),
but sampling these substrates in lakes may be
problematic due to their sporadic occurrence.
Although stones are available in mountain lakes,
they could be missing in other still-water systems.
Some authors have reported lower correlations
between the epilithon and environmental factors
in comparison to epipelon or epipsammon (Passy
et al. 1999). We did not find any significant
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correlation between epipelic assemblages and
environmental variables measured in water
column (Canonical Correspondence Analysis,
not illustrated). Analysis of different substrates
may yield variable results with variation being
dependent on the environmental conditions at
the time of sampling. For example, in a recent
study of a perialpine lake, the diatom assemblage
on reed stalks yielded an underestimated trophic
status whereas consideration of the epipelon
resulted in an overestimation (PouLickovaA et al.
2004a). Differences in substrate-specific estimates
were not, however, significant in the case of
eutrophic lowland ponds (KiTNER & PouLickova
2003). Potarova & CHarLES (2005) concluded
that the choice of substrate to be sampled should
depend on the assessment indicators to be used.
If the indicators are based on the autecologies
of many algal taxa (e.g. inference models or
autecological indices), there is little requirement
for substrate restrictions. However, it should be
noted that many sediment samples contain a high
proportion of planktonic species (PouLiCkova
et al. 2004a) making taxonomic separation of
many epipelic diatoms (species complexes)
problematic. The ecological requirements of
many epipelic species are not sufficiently known
and there is little critical evidence to support
the epipelon as suitable ecological indicators in
one way or another (ScHONFELDER et al. 2002,
KinG et al. 2006). Moreover, cyanobacteria are
extremely phenotypically polymorphic, which
complicate their identification. On the other hand,
Gurtowski et al. (2004) distinguished 74 benthic
algal species as useful indicators for the assement
of ecological status of siliceous aquatic sites in
highlands of Germany. Regarding the discussed
problems, desmids appear to be suitable enough
for biomonitoring purposes as their ecological
preferences are well known and the association
with substrate is less tight compared to many
diatoms and cyanophytes. So, if they occupy the
pelagial environment as well, their occurrence
in particular water bodies is determined by both
physico-chemical variables of water and sediment.
Finally, it can be expected that the desmid related
monitoring results are not substrate dependent.
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Figs 3—16. Representatives of epipelic cyanobacteria and eukaryotic flagellates: 3 — Merismopedia punctata; 4 — M. elegans;
5 — Arthrospira jenneri; 6 — Pseudanabaena catenata; 7 — Geitlerinema splendidum; 8 — Isocystis cf. pallida; 9 — Spirulina
major; 10,11 — Komvophoron constrictum; 12 — Oscillatoria limosa, hormogonia formation; 13 — Paulinella chromatophora,
14 — Euglena spirogyra; 15 — Phacus monilatus var. suecicus; 16 — Gymnodinium aeruginosum.



144 HaSLER et al.: Epipelic cyanobacteria

20
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Figs 17-27. Representatives of epipelic desmids: 17 — Closterium cf. acerosum; 18 — Closterium praelongum var. brevius;
19 — Closterium pseudolunula; 20 — Closterium cf. tumidulum; 21 — Cosmarium biretum var. trigibberum; 22 — Cosmarium
subprotumidum; 23 — Staurastrum blocklandiae; 24 — Cosmarium laeve var. pseudooctangulare; 25 — Cosmarium turpinii var.

podolicum; 26 — Cosmarium botrytis cf. var. tumidum; 27 — Cosmarium laeve.
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