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1. Uvod

Perlorodka fi¢ni patii mezi celosveétove ustupujici velké mlze, kteti jsou stejné jako fada dalSich
sladkovodnich druhii silné¢ ohrozeni rychlymi zménami a zneciStovanim tekoucich vod.
Perlorodka mé komplikovany Zivotni cyklus, v jehoZ pribéhu Zije jako endoparazit, postupné
se stava soucasti bentosu, planktonu a obyvéa i hyporeal pode dnem fek. O fazi Zivota pode dnem
nejsou dosud k dispozici zadné publikované poznatky.

Druh ma ve stfedni Evropé jiz vice nez padesat let velké problémy s rozmnozovanim. Na
vétsing Ceskych zbytkovych lokalit se perlorodka dlouhodobé nedokaze rozmnozovat a
populace je siln¢ prestarla. Rozmnozovaci cyklus je obvykle pierusen v hyporealové fazi
Zivota.

Disertaéni prace se zaméfila na tfi hlavni tematické okruhy: sumarizaci stavu populace v CR
zejména s ohledem na pfirozené rozmnozovani a vysledky posilovani pomoci odchovti, dle na
otazku potravy juvenilnich jedinci a zejména detritu z prameni$t a v rozsdhlé sérii
bioindikacnich experimentt pak byly hledany limitujici faktory pii terénnich expozicich.

2. Cile disertacni prace

Prvni oblast, které se vénovaly prvni dva ¢lanky tvofici tuto disertacni praci, predstavuje shrnuti
zakladnich wdajti o stavu populace v CR. Tyto udaje nebyly od devadesatych let dosud
zvetejnéné a chybéla jak data o distribuci zbytkovych populaci v métitku celého statu, tak
podrobngjsi tdaje z centra vyskytu v jiznich Cechach. Rozsahlé odchovy realizované tymem J.
Hrusky v uplynulych 20 letech (Hruska 1999) byly uspésné dovedeny od faze vypousténi 3—5
let starych jedinct, chybély vsak informace o etablovani se téchto jedinct v pifirozeném
prostiedi. KliCové cile prvniho tematického okruhu lze shrnout do nésledujicich hlavnich

otazek:

e Jaka je struktura zbytkovych populaci v CR s ohledem na piirozenou niku druhu?

e Rozmnozuji se dosud nékteré populace, a pokud ne, kdy doslo k pteruseni reprodukce?

e Jaké jsou vysledky omlazovani populaci vysazovanim juvenilnich jedincii z odchovl
probihajicich na pfelomu 20. a 21. stoleti?

Druhou oblasti, na kterou je dizertacni prace zamétena, je detailnéjsi popsani skladby a kvantity
detritu na zacatku ficni sit€. Tento materidl odebirany z pramenist typu helokrenil je
s uspéchem vyuzivan pro krmeni juvenilnich perlorodek (Kubikova, Simon et al. 2012) a
soucasné je nedostatek detritu o vhodném slozeni dlouhodobé& povazovan za zékladni limitni
faktor pro rozmnozovani druhu v CR (Hrugka 1999, Svanyga, Simon et al. 2013). Cile v této
oblasti Ize shrnou do nasledujicich otazek:

e Jaké je chemické sloZeni a mnozstvi detritu vyplavovaného z helokrénti a jak se tyto
charakteristiky méni v pritbé¢hu roku?

e Lze ptuivod detritu odvozovat spiSe od primarni produkce suchozemskych a mokfadnich
spolecenstev prostiednictvim rozkladnych procesti, nebo se vice uplatiiuji komplexni
procesy v samotném pramenisti?

e Lze aplikovat koncept ficniho kontinua také na useky povodi zacinajici v helokrenech?
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Tteti oblasti, na kterou je dizertacni prace zameétena, je detailni popsani piezivani juvenilnich
perlorodek v riznych mikrohabitatech podélného profilu vodniho toku spolecné s analyzou
fyzikalnich a chemickych faktort prostfedi. V této oblasti existuje dosud jen malo publikaci
(Denic, Taeubert et al. 2015, Gumpinger, Hauer et al. 2015). Zvolen byl tok Vltavy nad vodnim
dilem Lipno vcetné piitokd, kde jsou podle predbéznych studii ptiznivé podminky pro pteziti
perlorodek ve vSech vyvojovych stadiich. Cile v této oblasti 1ze shrnout do nasledujicich otazek:

e Jaké bioindika¢ni metody jsou nejvhodnéjsi pro testovani piezivani a riistu juvenilnich
perlorodek v podminkéch horské feky?

o Které¢ fyzikalné-chemické faktory nade dnem a pode dnem feky koreluji s vysledky
bioinidkaci?

e Ovliviiuje chemické sloZeni detritu vysledky bioindikaci?

e Ktera Cast toku Teplé Vltavy je vhodna pro posilovani populace perlorodky i¢ni?



3. Literarni reserse

3.1 Perlorodka ri¢ni jako modelovy druh vymirajicich mlz@ - stav populace v CR
Charakteristika druhu z pohledu ochranarské biologie

Perlorodka ticni (Margaritifera margaritifera Linnaeus, 1758) je dlouhovéky mlz ze skupiny
Unionoida (Araujo, Schneider et al. 2016, Bolotov, Vikhrev et al. 2016) dosahujici velikosti
10-15 cm. V poslednich padeséti letech je mu vénovana vzriistajici pozornost jako kli¢ovému i
indikatorovému druhu pro ekosystémy oligotrofnich povodi (Geist 2011).

Sladkovodni druhy, a zejména mlzi, patii mezi skupiny zivoc¢ichl nejvice ohrozené vymiranim
(Bauer and Wéchtler 2001, Strayer 2006). Jejich ochrana je pak s ohledem na velké biotopové
naroky velmi ndro¢nd a drahd (Geist 2011). Perlorodka ti¢ni patii mezi druhy, které v
soucasnosti mizi v celém aredlu, prestoze byly v minulosti Siroce rozsiteny.

parazitujici Jednim z dlivodu je velmi komplikovany
GLOCHIDIE zivotni cyklus (viz obr. 1). Zacina kratkou
- - planktonni fazi v podob¢ glochidia, po
které nasleduje téméi rocni paraziticka
volna faze v rybich zabrach. Po odpadnuti z

GLOCHIDIE ryby Zziji juvenilni perlorodky 10-20 let

@plankton 10 let % velmi skrytym zpilisobem zivota v

= hyporealu pode dnem podhorskych tokt.
Subadultni a dospé€li jedinci pak ziji v
koloniich na povrchu dna a druh se Casto
dozivd i v naSich podminkach vice nez
100 let (Bauer and Wachtler 2001). Pravé
komplexni zivotni cyklus spojeny se
striktnimi naroky na oligotrofni prostiedi
¢ini perlorodku fi¢ni velmi zranitelnou v
dob& rychlych antropogennich zmén
fi¢nich siti probihajicich v poslednich 150
letech.

Obriazek 1 — Zivotni cyklus perlorodky Fi¢ni: jeden organismus, ale &ty¥i rizné gildy s velmi rozdilnou délkou Zivota
(kresba original M. Bily, schéma O. Simon, délka trvani Zivotnich fazi je uvedena v logaritmické skale).

Status ochrany perlorodky Fi¢ni

V soucasnosti je perlorodka fi¢ni hodnocena jako ohrozeny druh podle mezinarodni evropské
legislativy a je chranéna v rdmci celoevropské sit¢ NATURA 2000. Jeji ochranu upravuje
evropsky zachranny program (Araujo and Ramos 2001). Podle narodni legislativy je v CR
zatazena od roku 1955 mezi zvlaste¢ chranéné druhy, od roku 1992 pak se statutem kriticky
ohroZeného druhu.



Ochrana perlorodky fi¢ni v CR ma dlouhou
tradici. Od roku 1913 bylo nafizenim
Kralovského mistodrzitelstvi v Praze
zajisténo jeji celoroCni hajeni a lov v ptirodé
Zijicich jedincii byl v Cechach zakazan jako
v prvni evropské zemi. V mens$im méfitku
pak byli tito mlzi chovani s cilem komeréniho
vyuziti v mlynskych ndhonech. Posledni
dokumentovany hospodatsky zaméteny lov
perel v Horazd'ovicich na Otavé je
dokumentovan v roce 1944 (Dyk 1947, Dyk
and Dykova 1974).

Obriazek 2 — Evropsky areal druh Margaritifera margaritifera prevzaty z Lopes-Lima et al. (2016). Body znazoriuji
dokumentované lokality velikosti potoka aZ velké Fi¢ni populace, zvyraznéna jsou osidlena povodi. Areil druhu
zasahuje také do severovychodni &asti severni Ameriky. Tmavsi barvou ve Francii a Spanélsku pivodni aresl
pribuzného druhu Margaritifera auricularia.

ZmenSovani arealu druhu v povodi Labe v CR a jeji pFi¢iny

Pies dlouhodobou ochranu perlorodka fi¢ni mizi v celém svém evropském aredlu od
Portugalska po Karélii (Araujo and Ramos 2000, Ostrovsky and Popov 2011, Lopes-Lima,
Sousa et al. 2016) — viz obr. 2. Obecné 1ze jako dominantni negativni vlivy identifikovat toxické
znecisténi vody, eutrofizaci, regulaci toki a zmény vyuziti ploch v povodich (Bauer 1988,
Hruska 1999, Geist 2010).

O zésadnim ubytku v dob¢ nestabilni politické situace za tricetileté valky vlivem nadmérného
loveni ¢i nekontrolovaného pytlaceni referuji ve stiedni Evropé€ jen nepfilis spolehlivé zpravy.
V Cechach bylo prvni masové vymirani milionovych populaci dokumentovano v dobé rozvoje
manufakturni vyroby a papiren mezi lety 1850-1940 (Dyk 1947). Dale se zasadn¢ negativné
projevovalo vypousténi necisténych komunalnich a primyslovych odpadnich vod, vystavba
piehrad, regulace fek a potokl. V podhorskych oblastech se také radikalné zménilo vyuziti
pozemkli v povodi. Naptiklad tradi¢ni malovyrobni smiSené¢ zemédé€lstvi v malo trodnych
pudach zaniklo a krajina zarostla lesem. Oproti tomu v urodnéjSich polohach nebo na
pozemcich systematicky odvodnénych byla zemédélska vyroba intenzifikovana (Hruska 1991a,
Dyk 1992). Také diverzita lesnich porosti v celych povodich byla zasadné zménéna v 19.
stoleti zavedenim smrkového hospodaistvi vedouciho k postupné degradaci plivodné
mezotrofnich pid. Drobna fi¢ni sit’ byla zdsadné zménéna vystavbou odvodiiovacich systémut
v podobé povrchovych ptikopt, zatrubnénim tokd a Casto i ploSnou systematickou drenazi.
Povrchové odvodnéni asto akcelerovalo enormni erozi (Svanyga, Simon et al. 2013).



Kombinace ptimych i neptimych disledka téchto zdsahti méla zasadni dopad na teplotni rezim,
charakter eroze a chemismus vody, coz vyustilo vrozsdhlé zmény v potravnich sitich
v jednotlivych povodich. Nedostatek vhodnych detritovych partikuli s dostatecnym obsahem
vapniku a zivin (Hruska 1991a, Hruska 1991b, Ticha, Simon et al. 2012) byl rozpoznan jako
hlavni faktor zabranujici piezivani juvenilt a tak blokujici ptirozenou reprodukci (Hruska 1991,
Svanyga, Simon et al. 2013). Druh se proto na zbytkovych lokalitach jiz tém&F 50 let
nerozmnozuje. Po¢etnost na lokalitach klesa a aredl vyskytu je mélo rozsahly a fragmentovany.
Zcela vymiely populace na severni Moravé a severu Cech, stejné jako viechny populace
v povodi Berounky, Otavy a v hlavnim toku Vltavy pod Lipenskou ptehradni nadrzi. Vysledky
zachranného programu v podobé omlazeni populaci jsou sice slibng, ale celkovy trend se dosud
5y zvratit nepodafilo (viz obr. 3
~ zpracovany na zdéklad¢ clanku 1
Simon, Vanickova, Bily et al. 2015 —
¢lanky tvorici soucast této disertacni
prace citujeme podle poradového
¢isla a jmen autorii). Obdobné 1 jinde
v Evropé¢ jsou dolozeny jen ojedinélé
uspéchy v podobé obnovené
reprodukce ustupujicich  populaci
(Altmiiller and Dettmer 2006, Larsen,
Harsaker et al. 2006).

Obriazek 3 — Rozsah zbytkového arealu perlorodky ¥i¢ni v CR ve &tvercich sité faunistického mapovani (original podle
riiznych zdroji). Cerné teCky- historicky vyskyt, lezaté kiizky - soutasny vyskyt, trojuhelniky - populace omlazené v
ramci zachranného programu v letech 1995 - 2005 (velka znacka nad 40 000 vysazenych jedincii, mala znacka 1000 —
3000 jedinci, ¢isla oznacuji geneticky odliSné lokalni populace nazvané podle hlavniho mista vyskytu jako 1 — Blanicka,
2 — Malsska a 3 — Salska (upraveno podle ¢lanku 1).

Zaméreni prvniho a druhého ¢lanku

Od roku 1992 nebyly publikovany udaje o stavu populace v CR, ani o efektu opatieni
realizovanych v ramci zachranného programu perlorodky ficni. Déle chybély udaje o
prostorové distribuci zbytkovych vyskyth perlorodky ti¢ni s ohledem na pfirozenou vyskovou
hranici arealu. Chyb¢la také jakakoli data o genetické struktuie populaci. Doplnéni této mezery
bylo cilem ¢lanku 1 Simon, Vanic¢kova, Bily et al. 2015. Obdobné chybéla detailni regionalni
udaje o podilu mladych jedinct v nélezech a metod¢ jejich identifikace bez vyjimani jedinct
ze dna toku (coz Ceské predpisy neumoziuji). Tyto poznatky byly doplnény a zptistupnény
formou ¢lanku 2 Matasova, Simon, Dort et al. 2013.
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3.2 Detrit a procesy ovliviujici jeho produkci v primarni ri¢ni siti
Vyznam detritu pro ochranu perlorodky ri¢ni

Perlorodka ficni se Zivi v juvenilnim i adultnim véku detritem (Bauer and Waichtler 2001).
Aktivni ochrana druhu proto neni mozna bez detailniho poznéni kvalitativnich a kvantitativnich
charakteristik detritu. S ohledem na to, ze detritové fetézce maji své pocatky jak v akvatickych,
tak v terestrickych rostlinnych spolecenstvech v povodi, musi byt zohlednén metabolismus fi¢ni
sit€¢ od mist s koloniemi perlorodky az po prameny. Pravé detrit odebirany piimo z urcitych
prament (spole¢né s detritem produkovanym rhizosférou aluvidnich luk) byl kli¢em k realizaci
prvnich uspésnych poloptirozenych odchovt perlorodek na svété (Hruska 2000, Hruska 1999).
Dalsi cast reSerse je proto vénovana detritu a obecnéji i procestim jeho vzniku.

Metabolismus primarni Fi¢ni sité a dominantni role detritu (FPOM)

Systémy tekoucich vod jsou oteviené systémy s velkou schopnosti transformovat Ziviny
pochazejici z povodi (Newbold 1992). Jak postuluje tzv. RCC koncept (river continuum
concept — koncept fi¢niho kontinua), fyzikalni proménné vykazuji u tokl zdsadni gradient od
pramene k usti. Jeho vysledkem je gradient biotickych proménnych, kvality a kvantity
organickych partikuli a rtizné schopnosti toku je transportovat (Vannote, Minshall et al. 1980).
Rada praci se vénovala detritovym fetézctim, transportu &astic a cyklim Zivin v malych
horskych tocich (Wallace, Cuffney et al. 1991, Newbold 1992, Cushing, Minshall et al. 1993,
Newbold, Thomas et al. 2005, Wallace, Hutchens et al. 2007, Webster 2007, Tant, Rosemond
et al. 2015). Postupny transport Zivin a substrati doli po proudu — tzv. spiraling zivin —
ovlivitluje potocni spolecenstva. Oproti tomu, prokaryota v biofilmech a suspenzich,
zivoCichové a nékdy 1 rostliny, ovliviiuji zpétné koncentrace rozpusténych nebo
partikulovanych zivin v toku (Newbold 1992). Mezi nejvice mobilni Castice patii stiedné velka
frakce vlockujiciho detritu tzv. FPOM - fine organic particulate organic matter (Iversen, Jensen
et al. 1982) - viz obr. 4.

Jednou ze zékladnich slozek procesii v fi¢ni siti jsou detritové rozkladné fetézce, které urcuji
dostupnost organickych latek jakozto potravniho zdroje pro heterotrofni organismy (Kominoski
and Rosemond 2011). Velikost partikuli detritu sice obecné klesd smérem po proudu s tim, jak
roste fad toku dle Strahlera (Strahler 1957, Vannote, Minshall et al. 1980), ale tato zavislost
miZze byt narusena laterdlnim pfisunem vétSich Castic z aluvia na velkych fekach (Ward and
Stanford 1995, Stanford and Ward 2001), nebo sraZzenim ¢i biokompaktaci jemnych suspenzi
na vétsi astice (Wotton and Malmgqvist 2001, Wotton 2007).

Horni ¢asti tokli byvaji obecné prevazné heterotrofni a jsou zavislé primarné€ na ptisunu hrubého
organického materialu (COPM — coarse organic particulate matter), kterym jsou obohacovany
z okolnich terestrickych spolecenstev (Anderson and Sedell 1979). Tyto procesy jsou vsak
komplexnéjsi, nez predpokladal piivodni RCC koncept. Zasadni vliv mohou mit naptiklad 1
malé zvySeni koncentraci rozpusténych limitujicich zivin vedouci k prodychéni vétsiho podilu
uhliku (Benstead, Rosemond et al. 2009, Rosemond, Benstead et al. 2015), obdobné jako diive
opomijené kratkodobé pulsy v podobé povodni a boutkovych pritokii zdsadné navysujici
celkovou bilanci odnosu jemného detritu FPOM (Wallace, Cuffney et al. 1991, Wallace,
Hutchens et al. 2007). Jeho trvanlivéjsi slozky se rozpadaji do 90 dnti (Wotton 2007).
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Obrazek 4 — Zjednodusené schéma vzniku detritu na prikladu potoku a Fi¢ek (toky 1. - 4. Fadu) v povodi Sumavské
Blanice. Cervené Sipky ukazuji miru presunu mezi velikostnimi frakcemi a prevaZujici transport detritu niZe po toku
(schéma zjednoduseno podle Simon, Fiala et al. 2008).

Pivod detritu v primarni Fiéni siti — role a vyznam helokrént

Ptevazujici pohled dle RCC piedpoklada, Ze zaCatek ficni sité typicky tvoii pramen s rychle
vyverajici vodou v celkové Zivinami chudém prostfedi s nizkou biodiverzitou (Vannote,
Minshall et al. 1980). Detrit se zde objevuje az postupné vlivem fragmentace vétSich ¢astic (viz
obr. 4). Tim jsou ale pfehlizeny komplexni procesy jiz v samotné¢ pramenné zon¢ — v
pramenistich — jak na to poukazali Kubikova, Simon et al. (2012), Flint and McDowell (2015).
Zejména semiakvatickd pramenisté helokrénniho typu — nikdy nezamrzajici rozptylené vyvéry
mirné oteplenych vod hlubokého obéhu (Thienemann 1924) — hraji velkou roli. Dle botanické
nomenklatury se jedna o pramenné louky, tzv. spring fens (Hajek, Horsak et al. 2006). Tato
prostorové malo rozsahld stanovisté ptredstavuji vyznamny prvek z pohledu rozkladnych
detritovych fetézctli 1 primérni produkce fas a makrofyt (Ilmonen and Paasivirta 2005).

Teplotni fluktuace jsou zde malé a teplota stoupd v 1ét€¢ vyraznéji jen v mikrohabitatech s
otevienou vodni hladinou (Ticha, Simon et al. 2012). S ohledem na svou rozSifenost a
intenzivni mikrobidlni procesy dané stabilnim prostiedim i stabilnim pfisunem Zivin mohou
helokrenni pramenisté hrat velkou roli 1 v méfitku celého systému primarni ficni sité. Vliv na
utilizaci a cykly zivin, transport mobilnich partikuli FPOM nize po toku a celkovy

metabolismus fi¢ni sit€ nebyl dosud studovan (je predmétem ¢lanku 3 Ticha, Simon, Houska et
al.).

Organickd hmota v pramenistich je reprezentovana detritem rizného ptivodu, velikosti i stupné
rozkladu (Tichéa, Simon et al. 2012). V lesnich prameniStich porostl s pfirozenou skladbou
prevlada hruby detrit CPOM pochdzejici z listového opadu. Naopak v pramenistich v oteviené
krajing je podle publikovanych udaji hlavnim zdrojem listového opadu pramenistni bylinna
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vegetace (Cushing 1997, Meyer, Strayer et al. 2007). Jen vyjimecné je v literatufe zmifiovan
piinos FPOM samotnym vyvérem z podzemi (Iversen, Jensen et al. 1982).

Prvkové sloZeni a stravitelnost detritu

Pro filtratory je zasadni také obsah zivin v jednotlivych velikostnich frakcich detritovych ¢astic.
Dftevo, opadané listy dievin, zivé listy i ostatni terestrické zdroje obvykle vykazuji vyssi C:N
nebo C:P pomér nez perifyton a FPOM (Sterner 2002). A tento pomér je dale silné zavisly na
mife mikrobialni kolonizace partikuli (Cross, Wallace et al. 2007). Obecné lze tedy fici, ze
postupny rozklad organické hmoty v bentickych systémech je spojen s vyraznymi zménami v
prvkovém slozeni ¢astic (Cross, Benstead et al. 2005). Filtratofi ziskavaji vétSinu energie z
mikrobidlniho obalu malych ¢astic FPOM (Nichols and Garling 2000, Newton, Vaughn et al.
2013). Jen malou ¢ast energie pak mohou ziskat z ptivodniho zékladu ¢astice, ktery je jen
obtizn¢ stravitelny. Tato chemicky stabilni slozka detritovych partikuli je pak exkreci
vyloucena a opakované v cyklech vyuzivana az do kone¢ného rozkladu (Mann 1988).

Celkove pak procesy na samém pocatku ficni sité¢ predstavuji trvaly zdroj potravy, ktery zivi
spoleCenstva mistnich filtratorii v pramenistich (Gerecke, Cantonati et al. 2011, Kubikova,
Simon et al. 2012) a s velkou pravdépodobnosti poskytuje vyznamny podil potravnich ¢astic i
nize polozenym spolecenstvim filtratorti v tocich vysSiho fadu nize po toku (Meyer and
Poepperl 2004, Hall, Tank et al. 2016) s ptislusSnymi konsekvencemi pro ochranu biodiversity
ficnich organismi (Kominoski and Rosemond 2011).

Detrit a jeho mikroskopicky detekovatelné slozky

Informaci o biologické nebo mikrobialni charakteristice detritu je na rozdil od chemickych nebo
stechiometrickych studii dosud jen malo. Souhrnné ptehledy pro vétsSi a mensi toky podavaji
Zimmermann-Timm (2002) a Wotton (2007). Specialn¢ pro piipad detritu ze Sumavskych
pramenist’ piinasi kvalitativni studii prace Ticha, Simon et al. (2012).

1
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Obrazek 5 — SloZeni detritu v helokrénech — oznaceny pismenem H — (v procentech zorného pole) v porovnani

s dalSimi tFemi typy prameni (mikroskopicka analyza 83 trvalych pramenis$t’ v povodi Blanice. H — helokren, L —
limnokren, T — pramenis$té s riznymi charakteristikami, R — rheokren. Jednotlivé grafy zleva doprava: rostlinné
zbytky, amorfni hmota, fekalni pelety, Fasové buiiky (Tich4, Simon et al. 2012).
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Samotna definice detritu je obtizna. Detrit totiz predstavuje velmi komplexni materiél, jehoz
zakladni kostru tvofi kiehké vlocky mikroorganismii a vysrazenych koloidnich latek
v kombinaci se zbytky rostlinnych pletiv (obvykle do velikosti ¢astic 1 mm — tzv. FPOM
v hydrobiologické literature). Dalsi zasadni slozku pfedstavuji pevné fekalni pelety
bezobratlych s velkou skalou velikosti a trvanlivosti. Jeho dalsi soucasti jsou zejména jilové,
v turbulentnich tocich i1 jemné piskové mineralni ¢astice. Tato slozitd struktura je porostla
mikrobidlnim biofilmem, vyskytuji se zde zivé fasové bunky a Siroka Skala jednobunécnych
eukaryot i prokaryot. Podrobné slozeni hlavnich slozek v riznych typech pramenist ukazuje
obr. 5.

Dale v zavislosti na velikosti sita, pfes které byl detrit separovan, je zde pfitomno velké
mnozstvi meiofauny (bezobratlych organismu s velikosti pod 500 um), jako jsou napft. adultni
korysi lasturnatky (Ostracoda) nebo plazivky (Harpacticoida) a rané instary vétSich bentickych
organismu (napf. larvy pakomard, plosténky apod.). Detrit tedy ptedstavuje komplikovany
svébytny ekosystém v métitkach mikrosvéta, nikoli homogenni organomineralni suspenzi nebo
,kal“ rozptyleny ve vodé.

Detrit z Sumavskych pramenist’ helokrénniho charakteru detailné analyzovali Tiché4, Simon et
al. (2012), jeho oziveni pak Kubikova, Simon et al. (2011) a Kubikova, Simon et al. (2012).
Podstatnou vlastnosti tohoto materidlu je vysoka komplexnost, variabilita a sezonni zmény ve
slozeni, které byly dosud jen minimaln¢ studované — viz ¢lanek 3 Tich4a, Simon, Houska et al.

Mobilita detritu

Detrit vznika primérné rozpadem, obohacenim a pfepracovanim rostlinného opadu ve vodnim
prostiedi v oxickych podminkéach v mistech s dostatkem odumfielé rostlinné hmoty, jako je
opad z dfevin nebo makrofytni moktadni vegetace, v mensi miie i z odumielého dieva a zbytkl
zivocicht (Graca 2001, Graca, Bérlocher et al. 2005). Jemné vlocky detritu s velkym povrchem
jsou poté snadno transportovany dale tokem (na rozdil od hydraulicky stabilnéjsiho listi nebo
dreva). Jejich pohyb je pferuSovany usazenim a resuspendaci pii zvyseni priitoku nebo vlivem
¢innosti organizmi zvanym bioturbace (Newbold, Thomas et al. 2005). Detrit patii mezi velmi
mobilni slozku organické hmoty.

Jeho transport miize byt velmi rychly i za nizkych vodnich stavli. Na jeden skok mezi
resuspendaci a usazenim miiZze detrit urazit vzdalenost fadové stovek metri. Pfi vysSich
pritocich transportni vzdalenost na jeden skok fadové stoupa (Wallace, Cuffney et al. 1997,
Wallace, Hutchens et al. 2007). Schéma na obr. 4 (i pti vynechani rozpusténych latek) ukazuje
velkou slozitost déje na ptikladu horskych potokti. VSechny velikostni slozky se docasné ¢i
trvale usazuji, jsou do toku vnaseny 1 transportovany, avsSak v rozdilné mife a v rozdilnych
casovych intervalech — od sekund (turbulentni procesy, skoky partikuli nade dnem apod.) az po
staleti (rozklad a transport velkych kusi mrtvého dieva — tzv. LWD). To zpusobuje velké
metodické obtize pro kvantitativni a bilan¢ni studium odumielé organické hmoty i v malych
tocich a pramenistich.

Piirodni zdroje detritu vyuZivaného jako potravni partikule perlorodkou Fi¢ni

Pfirodni zdroje organického potravniho detritu mohou byt v rozsahlém aredlu vyskytu
perlorodky pravdépodobné rizné. Dobry riist jedinct na secich tokii pod jezery (Preston, Keys
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et al. 2007, Ostrovsky and Popov 2011, Lavictoire, Moorkens et al. 2015) nabizi jako jednu
moznost vznik detritu rozkladem planktonu. V hyporealu pode dnem miize piedstavovat zdroj
detritu biofilm na zrnech substratu (Pasco et al. 2015). V ¢eskych podminkéach oligotrofnich
horskych tokii jsou jako zdroj detritu, po kterém perlorodky rostou, ovéfena ponoiend
makrofyta (v pfipadé¢ Teplé Vltavy), helokrénni permanentni pramenis$té a rhizosféra
mezotrofnich psarkovych luk (Blanice, Luzni potok, Zlaty potok) (Hruska 1995, Hruska 2000,
Svanyga, Simon et al. 2013). Obdobné jako jsou riizné zdroje detritu, je nasledn& velmi pestré
i jeho sloZeni (Zimmermann-Timm 2002, Wotton 2007).

Zaméreni tretiho ¢lanku

Rada otazek spojenych s metabolismem primarni ¥i¢ni sité je dosud neobjasnéna. Zejména roli
helokrennich pramenist’ bylo vénovano dosud jen mélo pozornosti a v fadé¢ studii je tento biotop
piehlizen (Kubikova, Simon et al. 2012). Kvantitativni studie dosud zcela chybi. Stejné tak jen
minimum studii sledovalo chemické slozeni detritu primarni ficni sit€¢ ¢i stabilitu obsahu
chemickych latek v pribéhu roku. Zcela chybi pohled zacileny na velikostni skladbu vlocek
detritu, kterd je pro mikrofiltratory, jako je perlorodka, zdsadni. Tuto mezeru v poznani se snazi
zaplnit ¢lanek 3 Tichd, Simon, Houska et al., ktery soucasné¢ dopliuje tradicni RCC koncept o
novy aspekt.

Nedostatek poznatkt z této oblasti byl Castecné dany také technickymi obtizemi pii vzorkovani
jemnych suspenzi z primarni fi¢ni sité, nebo toki stiedni velikosti. Pro jeho zaplnéni byly
autorskym tymem navrzeny, testovany a vyrobeny dva kontinualni sedimenta¢ni samplery, z
nichZ jeden se t¢si 1 patentové ochrané. NavrZeny byly zvlasté pro velmi malé toky prvniho a
druhého tadu (od pritoku cca 0,01 1) a zvlasté pro toky hlubsi nez 20 cm s rychlosti proudu nad
0,1 m/s (patent 303836 Simon a Douda, datum ud¢leni 10. 4. 2013, uzitny vzor 18924 Simon a
Douda datum udéleni 29. 09. 2008).

3.3 Potrava a limitace potravou u perlorodky ri¢ni

wrw

Potravni ekologie perlorodky ri¢ni

Jak bylo jiz vySe uvedeno, je znama tada faktori, které mohou blokovat reprodukci nebo i
piezivani adultnich jedincl u perlorodky fi¢ni (toxické znecisténi, eutrofizace, acidifikace,
morfologické zmény Fiéni sité apod.). TéméF viechny zbytkové populace v CR se zachovaly
v hornich tsecich podhorskych tokti na hornim okraji pfirozené niky druhu v mistech, kde se
tyto faktory neuplatnily. Zde patii mezi hlavni limitujici faktory vedle nadmérné eroze a nizké
teploty zejména nedostatek dostate¢né vyzivnych a na vapnik bohatych potravnich detritovych
partikuli. U perlorodky musime zohlednit potravni ekologii minimaln¢ tfech riznych fazi
vyvoje (viz obr. 1), z nichz ty nejcitlivéjsi Ziji skryté pode dnem tokd. Popsani slozité potravni
ekologie perlorodky fi¢ni tak patrné piedstavuje dilezity klic¢ k efektivni ochrané druhu.

Potrava juvenilnich jedincii

Literarni zdroje se shoduji v tom, ze potravu dospé€lct perlorodky ti¢ni predstavuji drobné
partikule (pod cca 40 pm), které jedinci filtruji z vody. Dospélci usazeni v proudnych tsecich
oligotrofnich tokt pasivné filtruji pomoci roztazenych plastovych okrajt, mladsi jedinci mohou
filtrovat aktivné€ v prostorach pode dnem, nebo zde potravu stiraji pomoci svalnaté nohy a
fasinek. V typickych biotopech se jednd obvykle o detrit o velikosti pod cca 40 pm, nikoli
fasové suspenze (Bauer and Waichtler 2001). Potrava juvenilnich jedincti v pfirodnich
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podminkach neni v literatufe dosud zpracovéna. ZkuSenosti z chovii ukazuji na dobrou
vyuzitelnost organického detritu vhodného sloZeni, naptiklad z pramenist, z drenujici vody z
psarkovych luk (Hruska 1995, Hruska 1999, Hruska a kol. 2000), nebo v kombinaci s dal§imi
jemnymi partikulemi, jako jsou fasové kultury nebo mikrobiélni suspense (Eybe, Thielen et al.
2013). Dosud existuji (kromé& prace Eybe, Thielen et al., 2013) pouze konferencni ptispevky s
touto tématikou. Hledani vazeb mezi skladbou detritu a ptirtistkem juvenilnich jedincii je
jednim z cila &lanku 4 Cernd, Simon, Bily et al.

Mnoho autorti vyuziva k chovu perlorodek polopfirozené systémy, jako jsou bo¢ni ramena nebo
pratocné systémy napojené na externi zdroj vody (ficni, stojata, pramennd) (HruSka 1999,
Vandré, Schmidt et al. 2001, Preston, Keys et al. 2007, Lavictoire, Moorkens et al. 2015). Zde
vSak neni mozné detailné exaktné stanovit, jaky typ potravy juvenilové piimo vyuzivaji.

Kvalitativni charakteristiky detritu jako limitni faktor pro rozmnoZovani perlorodky

Kvalitativni hodnoceni potravy velkych mlzi bylo dosud jenom zfidka piredmétem
publikovanych praci (Lima, Lima et al. 2012, Newton, Vaughn et al. 2013, Lopes-Lima, Lima
et al. 2014), udaje ptimo pro perlorodku fi¢ni dosud zcela chybi.

Z pohledu narokt perlorodky ficni mize byt limitujici bud’ nedostateéné mnozstvi detritu, nebo
jeho nevyhovujici biochemické slozeni. V ¢eskych podminkach obvykle nebylo zaznamenano
nedostatecné mnozstvi detritu v letni sezén€. Vodni toky v mistech poslednich vyskyti
perlorodky jsou obvykle rychle tekouct, a i pfi nizkych pritocich je mnozstvi nerozpusténych
latek dostateéné (data pro nerozpuiténé latky ve vodé (NL) z vétsi ¢asti lokalit v CR pofizena
VUV T.GM. jsou dostupna na internetovych strankich AOPK CR pro roky, kdy byl
financovan monitoring). Koncentrace ve sledovanych lokalitach neklesaji pod 2 mg/I1.

Problematické je tak zejména chemickeé slozeni detritu. Prvnim problémem je velky podil zcela
nestravitelnych anorganickych latek, jako jsou jilové castice (Reid, Keys et al. 2013, Jones,
Growns et al. 2015, Gascho Landis and Stoeckel 2016), vysrazené zelezo nebo drobné Castice
pisku. Pokud dochézi v povodi k vyznamnéj$i erozi, je plaveny detrit velmi bohaty na mineralni
Castice a je pro perlorodky nevyuzitelny. Ty mohou vyuzit jen organickou slozku, a to v
zéavislosti na jeji vyzivové hodnoté.

V detritu je dale podstatné zejména zastoupeni vapniku v organické podobé vyuzitelné pro
perlorodku, ktera z n¢ho buduje masivni vapenitou schranku (Hruska 1995). Koncentrace
vapniku v detritu zna¢né¢ kolisaji jak mezi lokalitami, tak mezi velikostnimi frakcemi. Prvni
data tohoto typu vyuzitelnd v kontextu potravni ekologie filtratorti piinasi ¢lanek 3 Ticha,
Simon, Houska et al., kde byla provedena beztlakova separace vlocek na velkych sitech, oproti
bézné pouzivané vysokotlaké filtraci (Nichols and Garling 2000), kterd fragilni detritové
agregaty rozbiji. Pro perlorodky je totiz piimo vyuzitelna jen nejmensi velikostni frakce (Bauer
and Wiéchtler 2001), a proto data nezohlednujici velikost vlo¢ek maji jen sekundarni vyznam.

Dalsi dtlezitou vlastnosti detritu, méfitelnou chemicky, je pomér dusikatych latek (nejcastéji
bilkovin) ve srovnani s mnozstvim uhliku (pfevazné nestravitelné ¢asti partikuli) — tzv. pomér
C/N. Prvni publikované data o C/N poméru pro detritus z pramenist’ pfinasi ¢lanek 3 Ticha,
Simon, Houska et al. Pro piipad fi¢niho detritu jsou pak prvni data dostupna v &lanku 4 Cerna,
Simon, Bily et al. Podrobné&jsi data o chemismu detritu pro rizné mikrohabitaty a rizna povodi
se zohlednénim sezénnich a meziro¢nich zmén ziskana autorskym tymem v minulych letech
2010-2016 jsou teprve ptipravovana k publikaci. Publikované tidaje o chemickych vlastnostech
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detritu bez velikosti selekce partikuli (Wetzel 2001, Benstead, Rosemond et al. 2009, Sabater,
Artigas et al. 2011) jsou s ohledem na potravni limitaci perlorodky je malo vyuzitelna (Nichols
and Garling 2000).

3.4 Bioindikace jako metoda hodnoceni prostiedi na prikladu juvenilnich mlzi
Méieni fyzikalné-chemickych parametri prostiedi, nebo bioindikace?

Stanoveni jednotlivych slozek detritu je ndkladné a neni operativni. Méfeni chemismu vody bez
vyuziti nakladnych kontinudlnich sond zase podchyti jen okamzity stav ficniho prostiedi v dob¢
odbéru vzorku. Proto se v praxi pro vyhodnoceni opatieni na zlepSeni uzivnosti pii ochran¢
perlorodky pouziva Castéji bioindikace juvenilnimi perlorodkami, zavedena Hruskou (1992b) a
Buddensiekem (1995). Ta pfimo indikuje, zda detrit ptispiva k rychlejSimu riistu nebo zda je
naopak pro perlorodky toxicky (jako detrity z nékterych pramenist’), ptipadné¢ mohou z thynt
zpétné detekovat toxické havarie.

Metoda ma vsak ve své laboratorni i terénni varianté fadu limiti a metodickych uskali, jak je
pojednano dale. Jeji vyuzivani v ptedchozich fazich zdchranného programu perlorodky fi¢ni
vyrazné piispélo k zavedeni i€¢innych odchovili a ovétovani specialnich revitalizaci budovanych

v

s cilem lokalné¢ vytvofit ptiznivéjsi prostredi pro juvenilni perlorodky.
Princip bioindikaci a jeho obecné limity

Obecnym principem riiznych systému bioindikaci je pfedpoklad, ze vyskyt nebo fitness jedincti
jednotlivych druhti, vyssSich taxonti nebo ekologickych skupin odrdzi stav prostredi.
V hydrobiologii se v druhé poloviné 20. stoleti rozvinula tzv. evropskd bioindikacni Skola
(Zelinka and Marvan 1961, Liebmann 1962, Sladecek 1973), ktera vypracovala nékolik
saprobiologickych bioindikacnich systémil, vyuZzivanych v praxi napt. pro hodnoceni miry
eutrofizace vodnich tokii (napf. aktualni norma CSN 75 7716). Tento piistup ma viak celou
fadu kritik a napf. v anglosaském svété se piili§ neprosadil (Allan 1995, Allan and Castillo
2007). Vyskyt organismi je totiz kromé fyzikalné-chemickych podminek prostiedi ovlivnén i
mezidruhovymi vazbami, bionomii, popula¢nimi cykly nebo umisténim v potravnim fetézci
(MacNeil and Platvoet 2005, Allan and Castillo 2007, Heino, Melo et al. 2014).

Vhodnéjsi je tedy vyuzivat bioindikace v uzkém slova smyslu, kdy z expozice malého vzorku
jedinct v daném prostiedi usuzujeme, zda zde mizeme ocekéavat podminky vhodné pro dany
druh organismu. V tomto pfipad¢ nemusi byt na zavadu, pokud nevime, které faktory na dany
druh ptsobi. Zejména u dlouhovekych organismil tak mizeme ziskat krom¢ miry amrtnosti i
udaje o rychlosti riistu, plodnosti nebo jinych charakteristikach fitness daného druhu.
V botanice je napt. zavedena metoda presazovacich pokusii (Grace and Wetzel 1981).

Vyuziti bioindikaci pro potieby ochrany perlorodky ri¢ni

V rémci realizace zachranného programu perlorodky ti¢ni (ZP) je vyuZivana bioindikacni
metoda poprvé vyvinutd v Némecku (Buddensiek 1995) za ucelem sledovani ekologickych
narokl sladkovodnich mlzii. Metoda je zaloZzena na pfesném zméteni rychle rostoucich juvenila
na pocatku a na konci experimentu. Zjistény prirtstek se nasledné vyhodnocuje pro jednotlivé
lokality po urc¢itém Case. Prostfednictvim této metody téz ziskdvame udaje o umrtnosti.
Naptiklad zvySena umrtnost miZze rychle poukazat na akutni toxicitu prostfedi. Metodu dale
pfevzal a opakované uzival HruSka (HruSka 1995, HruSka 1999, Hruska and Volf 2003).
Vzhledem k vysoké timrtnosti jedinct tésné po odpadnuti z ryby (kohorta 0+) zavedl Hruska
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pro bioindikac¢ni testy oproti Buddensiekovi (1995) pouziti jedincti po ukonceni prvni rastové
periody, tedy proziti prvni zimy (kohorta 1+).

Kritiku vyuzitelnosti bioindika¢ni metody v konkrétnich podminkach bavorskych tokd a
problematiku vyuziti 0+ jedinc publikovali naptiklad Schmidt a Vandre (2010), na coz
reagoval Gum s kolegy upfesnénim metodickych podminek, za kterych metoda poskytuje dobré
vysledky, a ptehledem uziti Buddensiekovych desticek v dalSich evropskych statech. Autory
zdokumentované uziti je vSak zaméfeno predevsim na odchovy, méné pak na bioindikace
(Gum, Lange et al. 2011).

Varianty bioindikacnich testl — in-situ versus ex-situ

In-situ testy jsou provadény jiz od prikopnickych Buddensiekovych praci (Buddensiek 1995)
exponovanim juvenilnich perlorodek piimo ve sledovaném ti¢nim prostiedi. Moznost zkraceni
doby expozice z typické doby 3-9 mésicti (HruSka 1999, Denic, Taeubert et al. 2015) na jeden
letni mésic pii zachovani vypovidajici hodnoty zavedl Douda, Simon et al. (2012). Soucasné
poukdazali na zasadni vztah teploty a rychlosti ristu pfi vyvoji perlorodky fi¢ni jiz diive
dokumentovany (Hruska 1992a). K¥izovou studii srovnavajici uspéch pieziti prvni zimy pro
populace z povodi Ryna, Labe a Dunaje pracujici s 0+ jedinci publikovali Denic, Taeubert et
al. (2015). Tato prace poukazuje zejména na zavislost rastu i pfezivani na vstupni velikosti.
Nejvetsi prirastky zde vykazuji — nikoli piekvapiveé — jedinci exponovani v jediné z testovanych
lokalit, kde dosud probiha i pfirozena reprodukce perlorodky.

Pro bioindikaci je také mozné vyuzit jiné chovné systémy nez Buddensiekovy desticky
umoznujici individudlni vyhodnoceni kazdého jedince. Pro hromadné drZeni jedinct se
pouzivaji plastové klicky s pis€itym substratem (Hruska 1999) nebo sit'ové valce z nerezového
pletiva (Pasco et al. 2015). VétSina autord vyuziva tyto hromadné systémy umoziiujici najednou
chovat stovky jedinct pouze pro odchov v laboratofi s umélou potravou.

V &eském zachranném programu (Svanyga, Simon et al. 2013) byl nedavno zaveden Hruskou
navrzeny odchov juvenilt od vé€ku 0+ piimo v toku v piskovych klickach v fekach s vhodnym
slozenim detritu (napt. v Teplé¢ Vltave, Dort — Ustni sdé€leni). I tyto systémy lze vyuzit
k bioindikacim. V ¢lanku 4 Cernd, Simon, Bily et al. poprvé prezentuji pouziti vétsiho podtu
piskovych klicek po 100 jedincich pro bioindika¢ni vyhodnoceni podélného profilu toku. Dale
jsou zde také publikovany vysledky z vyuziti desitek klicek se 100—-2000 jedinci pro porovnani
podminek v mikrohabitatech tii lokalit. U v§ech hromadnych systémi je mozné pouze souhrnné
vyhodnoceni primérného piirastku.

Ex-situ metodu bioindikaci zavedl v &eském zachranném programu Hruska (Svanyga, Simon
et al. 2013) a jiné tymy ji dosud pfili§ nevyuzivaji (vyjimkou jsou napf. testy v chovech
provadéné v Lucembursku (Eybe, Thielen et al. 2013). Ex-situ bioindikace jsou metodou
piimého hodnoceni uzivnosti detritu — potravy ranych (i adultnich) stadii perlorodky fi¢ni.
Zasadni vyhodou této metody je eliminace vlivu teploty, kterd ma dominantni vliv na rtst
juvenill i uzivnost detritu (Hruska 1992a).

Zaméreni ¢tvrtého ¢lanku

Cilem &tvrtého ¢lanku Cernd, Simon, Bily et al. je popsat faktory, které ovliviiuji preZivani
juvenilnich jedinct v prostfedi podhorské feky. Rozsahla studie pracuje soucasné ve tiech
meéfitkach. Hodnoti jednak zmény v podélném profilu celé feky a ptitoki, dale vyhodnocuje
detailn¢ mikrohabitatové podminky nade dnem a pode dnem na 3 profilech, a nakonec na
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jednom profilu studuje diverzitu prostiedi pode dnem v riznych substratech a koncentracich
kysliku v hyporealu. Pro hodnoceni prostfedi v letech 2014 a 2015 byly pouzity jak piskové
klicky, tak Buddensiekovy desticky (stovky individudln€ drzenych jedincl v desti¢kach a
desitky tisic hromadn¢ drzenych juvenilt v klickach). Dale byla sbirana data o chemismu vody,
chemismu detritu a detailni Gdaje o teploté¢ pomoci desitek autonomnich zdznamovych sond.
V hyporealu bylo provadéno piimé meéfeni koncentrace kysliku a také chemické analyzy
sondami piimo z mist expozice zanofenych jedinct. Clanek tak p¥inasi poprvé komplexni
udaje, které propojuji vysledky bioindikaci (rdst jedinci a umrtnost) s detailnimi daty o
prostiedi, véetné jejich sezoénni a ¢asteCné i diurnalni variability. Souc¢asné vyhodnoceni ve
vSech tfech méfitkach spolecné s pouzitim nékolika bioindikac¢nich metod pfinasi fadu novych
poznatkd a umoziuje komplexné zhodnotit biotop kriticky ohroZzeného druhu. Publikace m4 i
metodicky ptinos, zejména diky moznosti srovnani dvou let a fady riznych variant bioindikaci
ve velkém poctu opakovani.

3.5 Praktické vyuziti poznatkil o ekologii juvenilt perlorodky ri¢ni pro odchovy a
specialni revitalizace v kontextu zachranného programu perlorodky ri¢ni

Vyse uvedené vysledky zakladniho a aplikovaného vyzkumu ekologie perlorodky fi¢ni a
detritovych procest v primarni fi¢ni siti maji uzkou vazbu na praktické vyuziti v ochrané
ptirody. Zachranny program perlorodky fi¢ni vyuziva nebo v budoucnu vyuzije tyto poznatky
pro fadu praktickych ¢innosti. Jedna se prvni fad¢€ o polopfirozené odchovy juvenilnich jedinct
s vyuzitim piirozené potravy. Dale jde navrhovani a vyhodnocovani efektivity specidlnich
revitalizaci. Vyznamné vyuziti maji prezentovana data také pro piimou druhovou ochranu
perlorodky a ochranu kvality vodniho prostfedi v ptislusSnych maloplosnych a i velkoplosnych
chranénych tzemich.

Piehled odchovii velkych mlzi ve svété

Jednim ze zakladnich néstrojii zachrannych programii kriticky ohrozenych druhi je pfimy
odchov vumélych nebo pfirozenych podminkach. Odchovy velkych mlzii ze skupiny
Unionoida byly vyvinuty a provadény v severoamerickych podminkéach v ramci snahy zlepsit
zéasobeni perletarského priamyslu (napt. Howard 1922). Piehled starSich praci k tématu piinasi
Araujo, Feo et al. (2015). Ve druhé poloviné 20. stoleti se rozvijely spiSe komercni chovy ve
vychodni Asii, zamétfené na chov perel (Sicuro 2015). Prvni pfehled ochranaisky motivovanych
chovli z amerického prostiedi s pfehledem velikosti ptirtstkii a umrtnosti pro velké mlze ptinasi
Gatenby, Neves et al. (1996).

Odchov tady druhti severoamerickych velkych mlzi v separatnich cirkulac¢nich systémech
navrhl a uspésné otestoval Barnhart (2006), jiny laboratorni systém s vyuzitim makrofyt
popisuji Kovitvadhi, Kovitvadhi et al. (2008). Oproti nejrozsifenéj$i metodé odchovu na
hostitelskych druzich ryb byla thajskymi autory zavedena metoda in vitro kultivace glochidii
nékterych mlzi s vyuZzitim rybi plazmy (Kovitvadhi, Kovitvadhi et al. 2006, Lima, Lima et al.
2012). Zékladni poznatky o rozmnozovani sladkovodnich unionidl shrnuje v obsdhlé
monografii Strayer (2008).
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Odchovy perlorodky Fi¢ni v Evropé

V podminkéch stiedni Evropy se objevily snahy o chov perlorodky jiz v prvni poloviné
20. stoleti. Obvykle vSak ztroskotaly na dlouhé generacni dobé druhu a v praxi se omezily na
ptesazovani odrostlych jedinct do ndhonti (Dyk 1947).

V devadesatych letech v souvislosti se vzristem zajmu o ochranu perlorodky fi¢ni Buddensiek
(1995) zavedl chov v perforovanych destickdch — primarné vSak pro bioindika¢ni ucely.

Postupy pii odchovu tzv. Ceskou metodou polopfirozeného odchovu vyvinul koncem
osmdesatych a zacatkem devadesatych let J. Hruska se svym tymem. Metoda je zaloZena na
ptirozeném oplodnéni v koloniich, um¢lé invadaci mistnich ryb v kontrolované lazni, chovu na
rybach, rozkrmeni odpadlych juvenilli v prvnich letech detritem z pramenist’, dal$im chovu
v piskovych klickdch v specidlnich boc¢nich ramenech s kompostovacim managementem
dodavajicim vegetaci vapnik a nasledném vysazeni odolnych juvenilti do ramen. Paralelné pak
probiha revitalizace povodi zaméfena na odstranéni zdrojii zneciSténi a nadmérné eroze a
optimalizaci produkce a transportu potravniho detritu (Hruska 2000, Hruska 1991b, Hruska
1992a, Hruska 1992b, Hruska 1999, Svanyga, Simon et al. 2013). Tyto odchovy maji svétové
prvenstvi v dosazeni reprodukéniho véku odchovavanych jedinci ve starfi 15-20 let.
V soucasnosti odchovy probihaji v fadé zemi Evropy (Preston, Keys et al. 2007), nové¢;jsi
piehled chovii uvadi Gum, Lange et al. (2011). Ve stiedni Evrop¢€ se nyni tispéSnym odchovim
vénuji kromé CR tymy v nasledujicich zemich:

e Sasko — tym vedeny Michalem Langem pfevzal a modifikoval postupy J. Hrusky,
odchovy a vysazovani probihaji v povodi Saly vcetné potoka Bystiina/Wolfbach na
statni hranici CR/Sasko (Gum, Lange et al. 2011);

e Rakousko — tym Blattfisch v povodi Waldaist pod vedenim C. Gumpingera odchovava
populaci z povodi Dunaje (geneticky je vSak blizka populacim zpovodi Vltavy)
(Scheder and Gumpinger 2011, Scheder, Lerchegger et al. 2014);

e Bavorsko — F. Elender z Landschaftpflegeverband Passau dlouhodobé¢ realizuje
odchovny program s dobrymi vysledky. Cést jedinci jiz byla vysazena do feky Klein
Ohe a Wolfstene Ohe. Vysledky dosud nebyly publikovany (ustni sdéleni O. Spisar,
ktery odchovné zatizeni navstivil v roce 2016).

Vysledky odchovt ve stiedni Evropé nejsou dostatecné ¢i vilbec publikované. To znacné
zhorsuje ptenos poznatkl a vede k opakovani chyb.

V Ceském prostiedi Hruska zavedl zimni variantu se zkracenou délkou odchovu a letni variantu
s ptirozenou délkou odchovu. Ob¢ vyuZzivaji krmeni pouze detritem z vybranych pramenist
(Svanyga, Simon et al. 2013). V zimnim dormantnim obdobi maji totiz juvenilové a ryby
v ptirozenych podminkach jen minimalni aktivitu a toto obdobi klidu 1ze v odchovu vyrazné
zkratit Upravou podminek prostiedi. Letni a zimni chov zminuji na pfikladu dvou
severoamerickych druhti unionidii s kratsi dobou dospivani také Jones, Mair et al. (2005).

Pfirozena a uméla potrava perlorodek a dalSich unionidi v chovech

Pro skupinu americkych unionidt Nichols a Garling (2000) a Christian, Smith et al. (2004)
ovétili pfimo v tocich, Ze ackoli je zazivaci trakt mlza pravidelné plnén fasovymi buiikami,
negeneruji svou biomasu z fas, ale pfevazné z bakterii, pfipadné¢ pikoplanktonu. Podobné
vysledky z finskych jezer pro evropské druhy ziskali Vuorio, Tarvainen et al. (2007). Naproti
tomu Newton, Vaughn et al. (2013) na zaklad¢ izotopové analyzy ziskali na geograficky
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Sirokém vzorku mlzi severoamerickych fek odlisSna data. Jejich studie ukdzala, Ze potrava,
kterou mlzi vyuzivaji ke stavbé své biomasy, byla fasami tvotfena ptiblizné z poloviny.

Je mozné, ze i u jinych druhii unionidii povazovanych za typické filtratory fasovych suspenzi
je Casto pfecenovan vyznam fasové slozky v potravé. Pravdépodobné se tak déje i s ohledem
na snadnou determinaci nékterych (nestravitelnych) fas a rozsivek v zazivacim traktu mlz
oproti amorfnim vlo¢kdm detritu nebo mikroskopicky neidentifikovatelnym bakteriim.

Detailni studie s vyuzitim izotopii konkrétné pro perlorodku fi¢ni dosud chybi. V literatute se
uvadi, ze se zivi detritem (Bauer and Wiéchtler 2001), coz potvrzuji i vysledky z ¢eskych
uspésnych odchovii krmenych pouze detritem (Hruska a kol. 2000) s minimalnim podilem tas
(viz obr. 5).

V praxi v chovech neni nutné védét, co presné mlzi pfijimaji a stravi za potravu. Staci empiricky
ovétit, ktera voda €i jiny material plsobi ,,pfiznivé na rist*. Mezi prvnimi, ktefi Gspésné
testovali zajiSténi vyzivy v chovu unionidi pomoci ,,Cerstvé ¥i¢ni vody*, byli Beaty and Neves
(2004). Obdobnou metodu s vyuzitim vody z jezera uspéSné pouziva FBA v Anglii 1 pro
perlorodku Lavictoire, Moorkens et al. (2015).

Pro odchovy unionidil se také podatilo adaptovat a upravit nékteré akvaristické nebo v moiské
aquakultufe bézné postupy s vyuzitim specidlnich krmnych smési. Tym vedeny R. Nevesem
postupné vyvinul a otestoval podminky odchovu (substrat, cirkulace, krmné fasové smési
apod.) pro fadu druhti americkych ohrozenych unionidii. Rada téchto podminek je vsak druhové
specificka (z vybranych praci naptiklad: Gatenby, Parker et al. (1997), O'Beirn, Neves et al.
(1998), Jones, Neves et al. (2004), Jones, Mair et al. (2005), Hua and Neves (2007), Liberty,
Ostby et al. (2007), Hua, Neves et al. (2013)) a jejich vysledky jsou proto pro odchovy
perlorodky fi¢ni jen limitované vyuzitelné. Na metodu R. Nevese navazalo nékolik tymu i pfi
odchovu perlorodky ti¢ni (Gum, Lange et al. 2011, Eybe, Thielen et al. 2013), pfipadné
kombinuji akvaristické suspenze s pouzitim detritu.

Pro dalsi evropsky druh perlorodek Margaritifera auricularia zavedli systém odchovu
s vyuzitim jesetera jako hostitele Araujo, Quiros et al. (2003), Araujo, Feo et al. (2015), Soler,
Wantzen et al. (2015).

Studium potravy mikrofiltrator, mezi které perlorodka patii, je obtizné. Pfijem potravy je navic
velmi komplikovany. Ke tfidéni materialu dochéazi jak na Zabrach, tak v tfidicim zaludku. Ne
vSechny partikule nalezené v zazivacim traktu jsou tedy mlzem vyuzivany k ziskani energie
nebo latek pro stavbu téla (Bauer and Wichtler 2001). Proto je obvykle nutné pouzit metody,
které na zaklad¢ stabilnich izotopl (napf. C a N) umozni zjistit, které druhy partikuli jsou
skute¢né vyuzivany pro stavbu télesnych tkani.

Navic nékteré recentni prace popisuji zdsadni zmény v morfologii filtraéniho aparatu
juvenilnich perlorodek (Lavictoire, Moorkens et al. 2014) a potvrzuji star§i domnénky (Hruska
1999) o postupné zméné typu potravy v prvnich letech Zivota v hyporealu. Potravni chovéni
juvenilnich jedinci v hyporealové fazi Zivota je velmi méalo znamé a jeho studium si vyzada
jesté mnoho usili.

Vysazovani a nasledné piezivani vysazenych mlzu

Publikaci hodnoticich miru uspésného etablovani vysazenych odchovanych mlzi je dosud jen
velmi malo. Bolland (2010) se zamétil na popis lokalit a mikrohabitati, kam je vhodné
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odchované perlorodky vysazovat. Vypousténé jedince, pokud to jejich velikost umozni, je
vhodné oznacit viditelnymi optickymi znackami (Araujo, Feo et al. 2015), nebo ¢ipy dalkoveé
detekovatelnymi (Hua, Jiao et al. 2015) pro nasledné snazsi dohledavani (v ptipad¢ PIT znacek
i pod sedimentem nebo pti nizké prihlednosti vody). Pfimo pro perlorodku fi¢ni zadné udaje o
pfezivani vysazenych jedinct dosud v zahrani¢i publikovany nebyly. Detailni vysledky
vysazovani Ceskych odchovlii dosud nebyly publikovany, piehled celkového podilu
odchovanych jedinct ptinasi ¢lanek 1 Simon, Vanickova, Bily et al. 2015. Jednoduchou metodu
identifikace subadultli v dlouhodobé se nerozmnoZzujicich populacich pak piinasi ¢lanek 2
Matasova, Simon, Bily et al. 2013. Znageni vypousténych jedinct bylo v CR zkouseno jen u
malého poctu subadulti v osmdesatych letech 20. stoleti pomoci hlinikovych znacek.
Standardni plastové znacky se pouZzivaji v zdchranném programu k znaceni adultnich jedincd,
se kterymi bylo manipulovano napf. pfi transferech nebo odbérech hemolymfy (Svanyga,
Simon et al. 2013). V poslednich letech byli znaceni i subadultni jedinci o velikosti okolo 4 cm
vypousténi po mnohaletém chovu z kontrolni klicky v NPR Luzni potok v povodi Saly (O.
Spisar, ustni sdélent).

Odchovné a reprodukcni prvky a jejich vliv na potravni zasobeni

Kromé odchovi jsou poznatky o ekologii juvenilil a bioindikacni postupy hojné vyuzivany pfi
lokalnim zlepSovani piirodnich podminek v mistech vysazovani juvenilnich perlorodek z
odchovi.

Jiz v devadesatych letech 20. stoleti bylo experimentalné prokazano, ze urcité managementoveé
postupy na struzkach v nive, ¢i malych poto¢nich korytech a jejich okoli, zlepsuji riist juvenila
pod témito upravenymi misty (HruSka 1991b, Hruska 1992b, Hruska 1995). Navrzena byla
pomocna bo¢ni ramena (tzv. odchovné a reprodukéni prvky — ORP), kterd na malém tseku
nov¢ zalozeného koryta optimalizuji podminky pro juvenily, zejména s ohledem na potravni
zéasobeni (které je v ¢eskych podminkach limitni) a hydraulicko-morfologické poméry. Mladi
jedinci vysazeni do tohoto prvku v ném zprvu nachazeji zlepsené podminky pro sviij vyvoj,
pozdéji pak samostatné migruji do hlavniho toku. Pfikrmovani detritem z pramenist, realizace
ORP, budovani potravnich struzek a revitalizace povodi patii mezi zdkladni postupy tzv. ceské
metody ochrany perlorodky (Hruska 1992b, Hruska 2000), kterd umoznila poprvé na svéte
dovést zachranny program do faze aspéSného etablovani prvni kohorty subadultl v ptirozenych
podminkach (Absolon and Hruska 1999, Svanyga, Simon et al. 2013).

Opatieni na zlepSeni zasobeni detritem specialnimi revitalizacemi v povodi

Zakladnim postupem Ceské metody zachranného programu perlorodky fi¢ni postulovanym
Hruskou (1999) je obnova piirodnich podminek v povodi nad misty vyskytu do té miry, aby
mohla probihat opét ptirozena reprodukce. Na rozdil od vyse popsanych maloplosnych zasahii
lokalizovanych na ptirodnich nebo umélych ficnich ramenech se tedy jedna o zasahy na velké
plose.

Opatieni se zamétuji zejména na zlepSeni transportu detritu z mist produkce do mist s vyskytem
perlorodek a na sniZzeni obsahu minerdlni slozky v detritu pochédzejici z nadmérné eroze.
Dtlezité jsou také teplotni poméry a zachovani vysoké jakosti vody, zejména s ohledem na
pufracni schopnost, vodivost a srazlivé formy Zeleza.

Pro zlepSeni zdsobeni detritem jsou realizovana napojeni pramenist’ koncicich zasakem na
primarni fi¢ni sit’ (vzdy bez zdsahu ve vlastni ploSe helokrenu), zprichodnéni primérni ficni
sit¢ prerusené antropogennimi zasahy (koleje od tézké techniky, cesty bez propustki) a
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budovani tzv. potravnich struzek (drobnych potoc¢nich vlasecnic s uméle prodlouzenou délkou
v misté zbytkli mezotrofnich luk produkujicich potravné vhodny detrit). ZlepSeni teplotnich
pomért je realizovano obnovou nivnich past s nizkym zakmenénim v kulturnich smréinach
vysazenych v minulém stoleti na podmécenych plochach v okoli vodoteci a obecné ochranou
sekundarniho bezlesi. Drobné vodotece s mineralizovanymi vodami s vyraznym srazenim
zeleza naopak nejsou napojovany do fi¢ni sité. V celém povodi je podporovano extenzivni
(optimalné ekologické) zemédélstvi a zvySovani poméru listnatych dfevin nad ze zdkona
povinné podily. Dulezita je zejména péce o mezofilni louky, které bez seCe a prihnojovani
pevnymi hnojivy maji tendenci ptechazet v ostficové porosty (Blazkova and HruSka 1999).
Piehled opatieni uvadi zdchranny program (Svanyga, Simon et al. 2013) a jednotlivé plany péce
pro konkrétni chranéna izemi (viz seznam v kapitole nize). Vysledky dosud v pievazné vétsing
nebyly publikovany. Vyjimku tvoii prace vénované postuptim lu¢niho managementu (Blazkova
a Hruska 1999, Blazkova 2010) a dale pak poster srovnavajici pomoci bioindikaci stanovisté
s riznym specialnim managementem na podporu tvorby GZivného detritu (Svanyga, Simon et
al. 2014), ktery vSak neptindsi presvédcivé vysledky.

Revitaliza¢ni opati‘eni na eliminaci projevii nadmérné eroze, sniZeni vlivu eutrofizace a
negativnich zmén vyuZiti krajiny v ZCHU s vyskytem perlorodky ¥i¢ni

Oproti vySe popsanym zasahtim, které maji zlepSit ¢i navratit pfirodni podminky do stavu
ptiznivého pro perlorodku, je dalSi skupina opatfeni zaméfena na eliminaci negativnich
antropogennich vlivii. Céaste¢né se jednd o opatfeni obecné vyuZivani (nebo spise
doporucovana), avSak v chranénych uzemich s vyskytem perlorodky fi¢ni jiz byla realizovana,
a to Casto ve vzajemné synergii (Wanner, Simon et al. 2012). Jin4 opatfeni zamétfena napft. na
stabilizaci bo¢ni eroze nebo stabilizaci meandrii jsou obecné spise nevhodna (blokuji pfirozeny
vyvoj pfirodniho toku). V chranénych tzemich je nutné je realizovat z divodu ochrany
poslednich zbyvajicich stabilnich kolonii perlorodek tvotfenych desitkami az stovkami jedinci.
V podminkach stabilnich pfirozenych populaci tvofenych desetitisici az miliony jedinct by
castecné ztraty zptisobené erozi byly béznym jevem.

Ptikladem prvniho typu opatieni (obecné vhodnych) je svadéni vod z erodujicich cestnich
lesnich ptikopli do zasakovych tini nebo budovani tietich stupna Cisténi a bezpecnostnich
bariér pro piipad havarie (nizkozatéZovanych biologickych rybnikil) pod vesnickymi €istirnami
odpadnich vod (Wanner, Simon et al. 2012). Druhym ptikladem opatfeni potfebnych specialné
v chranénych tizemich s perlorodkou fi¢ni jsou ozivené hat'ostérkové valce pro stabilizaci bo¢ni
eroze na piitocich nad koloniemi, anebo stabilizace protiproudych nebo na tdolnici kolmych
meandrt poskytujicich dlouhodobé stabilni podminky pro kolonie perlorodek.

Piehled typovych opatfeni je obsaZzen v textu zachranného programu (Svanyga, Simon et al.
2013) a seznamy konkrétnich navrzenych zasahti uvadi plany péce ptislusnych maloplosnych
chranénych Gzemi:

Hruska, J., Simon, O., Dort a kol. (2015). Navrh planu péfe pro NPP Zlaty potok.
Nepublikovana zprava pro CHKO Blansky les. (schvalovaci proces + ndvrh planu péce)

Simon, O., Dort, B., Simek, a kol. (2013). Navrh planu pée o NPP Horni Malse.
Nepublikovana zprava pro Jihocesky kraj. 75 s. (vyhlaSeno 2014 + platny plan péce)

Simon, O., Dort, B., a kol. (2013). Navrh planu péce o EVL Blanice. Nepublikovana zprava
pro JihocCesky kraj. 35 s. (vyhlaseno 2014 + platny plan péce)

Simon, O., KoZeny, P. a kol. (2010). Navrh planu pée o NPP Blanice a NPP Pramenisté

Blanice. Nepublikovana zprava pro CHKO Sumava (platny plan péée)
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Citace nepublikovanych internich metodik uréenych pro stitni ochranu pfirody nejsou
v souladu s citaénimi zvyklostmi uvedeny v seznamu pouzité literatury, proto je zde uvadime
v rozsitené podobg.

Podrobné¢jsi popis opatfeni sndvody pro praktickou ochranu ptfirody pak podévaji 4
certifikované metodiky MZP (Simon, Cerna et al. 2016, Ticha, Simon et al. 2017, Simon, Dort
et al. 2016 a Simon, Rambouskova et al. 2016).

Dlouhodobé vysledky opatfeni na zmirnéni nebo eliminaci negativnich antropogennich vlivi
v chranénych tzemich s vyskytem perlorodky fi¢ni dosud nebyly az na vyjimky (Wanner,
Simon et al. 2012) publikovany. Zaméfit se na detailni kvantifikaci efektl téchto opatfeni je
v budoucnu nejvyse zadouci. Jak poznamenava Brierley a Fryirs (2008), pouze pravidelné
vyhodnocovani realistickych a métitelnych cili mize vést k dlouhodobé uspesné spolecnosti
akceptované revitalizaci celych povodi.
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4. Vlastni prace - soubor védeckych studit

Dizertaéni prace ma charakter souboru praci (viz pfiloha ¢. 1-4) — védeckych studii, jejichz
vysledky jsou prezentovany formou publikovanych ¢lankli v recenzovanych periodikach. V
této disertacni praci jsou propojeny dopliujicim komentatem v nasledujici kapitole 5.

CLANEK 1

Simon O. P., Vanickova I., Bily M., Douda K., Patzenhauerova H., Hruska J. and A. Peltanova
(2015). "The status of freshwater pearl mussel in the Czech Republic: Several successfully
rejuvenated populations but the absence of natural reproduction." Limnologica 50: 11-20.
IF2015-1,4 - Q3

OPS navrhl studii, analyzoval data s vyjimkou molekularné genetické casti, pripravil prvni
verzi manuskriptu vcetné grafiky obrazkii

Prvni ¢lanek shrnuje poznatky o vysledcich posilovani populaci perlorodky, charakterizuje
prostorovou i genetickou strukturu populaci a limitni faktory.

CLANEK 2

Matasova, K., Simon, O. P, Dort, B., Douda, K. and M. Bily (2013). "Recent distribution of
freshwater pearl mussel (Margaritifera margaritifera) at historical localities in the upper part of
the Vltava river basin (Czech Republic). " Silva Gabreta 19(3): 139-148.

OPS navrhl studii, shromazdil data, podilel se na psani manuskriptu

Druhy ¢lanek je klasickou faunistickou studii, kterd poprvé publikuje standardni data o vyskytu
a popisuje novou metodu detekce subadultnich jedinct bez vyjmuti Zivocicha ze dna.

CLANEK 3

Ticha, K., Simon, O. P, Houska, J. and K. Douda. "The reversal of a river continuum at the
origin: nutrient-rich fine particulate organic matter exported from helocrene springs."
(manuscript, resubmited Freshwater Science — Q1)

OPS navrhl studii, podilel se vyznamné na terénnich pracich, zajistil financovani projektu,
podilel se vvhodnoceni dat a psani manuskriptu

Tteti clanek se detailné zabyva detritem z pramenist’, ktery je pouzivan v zachranném programu
k odchoviim perlorodek. Tato kvantitativni studie dochazi také k zavéru, Ze je nutné doplnit
klasicky koncept fi¢niho kontinua a zdiraziuje ekologicky vyznam pramenist’ pro ficni systém.
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CLANEK 4

Cerna, M., Simon, O. P., Bily, M., Douda, K., Dort, B., Galov4, M. and M. Volfova. "Growth
and survival of juvenile freshwater pearl mussels: a type of bioindication method, hyporheic
oxygen saturation and a locality position within a catchment have an effect." (manuscript —
minor revisions Hydrobiologia Q2)

OPS navrhl studii a desin experimentii, podilel se na terénnich pracich, analyzach a zpracovani
dat, zajistil financovani a vizeni projektu, pripravil prvni verzi manuskriptu vietné grafiky
obrazkii

Ctvrty &lanek je velmi rozsahlou studii pfeivani a ristu juvenilnich perlorodek v fi¢nim
prostiedi, kterd pracuje soucané v méfitku povodi, habitatli s riznym substratem dna v jednom
useku toku i mikrohabitd v mélkém hyporedlu. Porovnava také nové a klasické metody
bioindikaci a diskuje moznosti vyuziti vysledki pro vyhodnoceni efektivity opatieni na ochranu
druhu.
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5. Diskuse - komentar k védeckym studiim

V kapitole diskuse jsou kromé souhrnného zhodnoceni stavu populace perlorodky fi¢ni v CR
zminény tii zajimavé aspekty, které vzajemné provazuji jednotlivé ¢lanky dizertacni prace a
souCasn¢ pfindSeji na tématiku novy pohled. Rozpracovana byla nésledujici témata: nové
metody vzorkovani detritu, vyuziti poznatkl pro praktickou ochranu druhu a teoretické otazka
interpretace vysledkl bioindikac¢nich testli v kontextu ekologie juvenilnich stadii perlorodky
ficni.

5.1 Perspektivy lokalnich populaci perlorodky i¢ni v CR

Dlouhodoba perspektiva zachovani lokélnich zbytkovych populaci v CR je nejasna.
Publikovanych dat o prostorové distribuci, ekologii stanovist’ a populacni ekologii je dosud
velmi malo. Chybi také publikovana faunisticka data, Narodni databaze ochrany pftirody
(NDOP) obsahuje fadu neptesnosti. Tuto mezeru ¢astecné zaplnily ¢lanky 1 Simon, Vanickova,
Bily et al. 2015 a 2 Matasova, Simon, Dort et al. 2013.

Prevladajici trendy ubytku populace perlorodky fi€ni v prvnich tfech ¢tvrtinach 20. stoleti pii
své aproximaci naznacovaly brzké lokalni vymieni druhu. Druh nasledné¢ vymfel na velké
vétsiné svého aredlu a pocetnost oproti poloving 19. stoleti klesla na pod 1 % nebo
pravdépodobnéji 1 %e vychoziho stavu. Oproti jinym druhiim vodnich bezobratlych vazanych
na oligotrofni malé a stiedni toky byl tento pokles pocetnosti relativné dobfe dokumentovan
(Nowak 1936, Dyk 1947, Dyk and Dykova 1974, Dyk 1992). Vymirani perlorodky na lokalité
Luzni potok s exponencialnim poklesem pocetnosti bylo vyuzito jako jeden z mala recentnich
piikladii dokumentovaného poklesu pocetnosti vodnich bezobratlych ve vladni spraveé o stavu
biodiverzity (Miko and Hosek 2009) — viz obr. 6. Aktudlni s¢itani stanovuje velikost populace
na cca 2 000 jedinct (¢lanek 1 Simon, Vanickova, Bily et al. 2015).
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Obrazek 6 — Prudky pokles pocetnosti nerozmnozujici se populace perlorodky Fi¢ni v chemicky a troficky

nevyhovujicich podminkach LuZniho potoka (Assko, povodi Saly) — prevzato z Miko a Hosek (2009) podle Bily, Hruska
et al. (2008).
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Reprodukce druhu na vSech zbytkovych lokalitach stagnuje, nebo je pfitomna jen v okrajovych
Castech aredlu, kde prezivaji posledni desitky jedinct (¢lanek 1 Simon, Vanickova, Bily et al.
2015). Vétsina zbytkovych lokalit se nachazi na horni hranici vyskového aredlu a soucasné na
tocich niz§iho fadu, nez predstavovaly typické lokality druhu (€lanek 1 Simon, Vanickova, Bily
etal. 2015).

Vyjimecné pripady reprodukce a nahonovy efekt ve stfedni ¢asti biotopu

Oba dva dolozené ptipady ptirozené reprodukce (ndhon Blanice pod Husineckou ptehradou a
nahon i hlavni tok MalSe nad Hornim Dvoftistém) byly v§ak nalezeny v mikropopulacich, které
jsou lokalizované blize k optimu ptiivodni niky druhu.

Jedna se lokality spiSe mezotrofniho charakteru s vyrazné vysSimi teplotami, nez panuji na
typickych nerozmnoZzujicicich se lokalitach vySe proti proudu (Sipky na obr. 7). Oproti tomu
nejpocetnéjsi kolonie adultnich jedincti (ovaly na obr. 7), do jejichz okoli je zamétena vétSina
ochranatské péce, se nachazeji jiz velmi blizko pfirozené horni hranice vyskytu.

3 E ™
Horazd'oyice j £
g (
Otava
Y N ] Pisek
) s " é
r s R "5‘_
k-’, W s
L ' \2&
") s Sl
olary Ceské
J S
@ Budg&jovice
)
[ .
\ - {I 3
L";& 3 2 o A
3 L r
G f 9‘ )
= ¥
i 4
nall & :{\
Malse

Obriazek 7 — Pivodni a soucasny vyskyt perlorodky ¥iéni v jiznich Cechach. Sipky oznaéuji mista s recentné doloZenym
potvrzenym rozmnoZovanim malého rozsahu, ovaly vyznacuji posledni dvé mista s koloniemi nad 100 ks. (upraveno
podle ¢lanku 1).

Toto srovnani, spole¢né s nékterymi udaji o populacich v Némecku a Rakousku, poukazuje na
nutnost komplexnéjsiho pristupu k ochrané druhu (€lanek 1 Simon, Vanickova, Bily et al. 2015,
Csar and Schreder 2008, Gumpinger et al. 2002, Gumpinger, Hauer et al. 2015) se zohlednénim
piirozeného klimatického a hydrochemického optima druhu (Denic, Taeubert et al. 2015).
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Jiny pohled na tuto problematiku (Hruska 1991b) vSak poukazuje na moznost, Ze se
pravdépodobné jedné o obecné nevhodny biotop pro druh. Obdobné jako v ndhonu Huscherova
mlyna v Bavorsku (Spisar — ustni sd€leni) nebo ndhonu Giellenbach v Rakousku jsou to jen
nahradni stanovisté bez dlouhodobé garance stability pratoku a bez oxického hyporealu. Hrozi
zde také vznik podminek s vyskytem toxickych forem amoniaku a hromadéni toxickych iontt
z podlozi pod kolmatacni vrstvou v ,,pfili§ stabilnim* koryté bez povodiovych disturbanci
(Scheder, Lerchegger et al. 2015). Z tohoto pohledu se jednd o neperspektivni polohy.
V minulosti sice byly tyto i dal$i ndhony hojn¢ osidlované perlorodkami (tzv. ndhonovy efekt
— Strecker, Bauer et al. (1990)), avSak pro svou hydraulickou a chemickou nestabilitu
pravdépodobné trpely Castymi extinkcemi a byly zavislé na dotaci jedinci z hlavniho toku.
Potvrzuji to malé populace v ndhonech na stfednim toku MalSe, Blanice a Zlatého potoka, které
byly vSechny od poc¢atku 21. stoleti opakované postizeny kazdy minimaln¢ jednou disturbanci
(vysychanim, nelegdlnim vyhrnovanim, zanaSenim jemnym sedimentem, legalnimi
rekonstrukcemi spojenymi s nutnymi zachrannymi transfery nebo sesuvy ptidy) a ptvodni
bohaté populace adultil zanikly nebo vymiraji (Svanyga, Simon et al. 2013).

Detailni studium ndhonového efektu a drobnych okrajovych rozmnozujicich se populaci
v eutrofnéjsich biotopech s vyuzitim komplexniho pfistupu k fluktuacim biotopu (ve volné
vodé i pode dnem) by bylo v budoucnu velmi potfebné, véetné¢ dlouhodobych bioindikaci
vyuziti kontinudlnich sond.

Hydrochemicky uhel pohledu (viz ¢lanek 4 Cerna, Simon, Bily et al.) povaZuje nize v fi¢ni siti
polozené lokality za obecné rizikové pro hromadéni zdroji potencidlnich havarii vyse v povodi
a setrvaly narast vodivosti a koncentrace dusi¢nand. Redici efekt vodnatéj$iho toku miize byt
piiznivym faktorem pouze u havarijniho znecisténi biodegradibilnimi latkami (napf. amoniak
—viz &lanek 4 Cerna, Simon, Bily et al., dokladujici extinkci na pfitoku, aviak pieziti v hlavnim
toku po fedéni), nebude vSak patrné v podminkach oligotrofnich povodi dostacujici v ptipadé
siln¢ toxickych perzistentnich xenobiotik. Na tadu latek povazovanych za méné toxické
pesticidy nebo tézké kovy jsou mlzi zejména v juvenilnich stadiich velmi citlivi (Naimo 1995,
Jacobson, Neves et al. 1997, Bringolf, Cope et al. 2007, Gillis, Mitchell et al. 2008,
Chandurvelan, Marsden et al. 2012, Clearwater, Wood et al. 2014). Pro odchovy je proto velmi
vyhodné vyuzivat jako zdroj potravy a vody pramenisté s hlubokym ob&hem, kde panuji stabilni
podminky (¢lanek 3 Ticha, Simon, Houska et al.) a jsou vylouceny toxické havarie.

Ekosystémovy pristup k ochrané druhu

Jiz v osmdesatych letech 20. stoleti bylo n€kolika autory vyhodnoceno (Dyk and Dykova 1974,
Hruska 1985), ze trendy vyvoje poletnosti perlorodky #iéni v CR spé&ji ke kompletnimu
vymizeni druhu. Ani vyznamné zlepSeni jakosti vody v devadesatych letech (HruSka, Kopacek
et al. 2000, Oulehle, Hofmeister et al. 2006, Kvitek, Zlabek et al. 2009) tento celkovy trend
nemohlo zvrétit, protoze jiné¢ typy poSkozeni biotopu (regulace a zatrubilovani tok,
systematické odvodnéni, fragmentace biotopu apod.) nevykazuji dostatecné zlepSeni.
Konceptualni schéma na obr. 8 poukazuje 1 pies urcita dil¢i zlepSeni na pretrvavani problémi
s regulaci toki a znecisténim vody.
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Obrizek 8 — Konceptualni schéma ¢asové souslednosti relativni pocetnosti populace perlorodky, zne¢isténi toki a miry
miry regulace Fi¢nich Fi¢nich koryt v 19. a 20. stoleti s prognozou zlepSeni pocetnosti vlivem poloptirozenych odchovi
(originalni schéma O. Simona podle riznych autori).

Zachranny program (Hruska 1985, Hruska 1992b) byl proto od pocatku zaméten primarné
prave na lokalni a regionalni zlepSeni podminek piirodniho prostiedi tam, kde je to realistické
dosahnout az do urovné umoznéni obnovy pfirozené reprodukce. Polopfirozeny odchov byl
vzdy navrhovan jen jako docasné opatfeni, které nema vyznam bez soubé&zného zlepSeni
piirozené¢ho biotopu. Tento na svou dobu velmi moderni komplexni ekosystémovy piistup je
bohuzel opakované Spatné chapan nejen vetejnosti, ale i zaméstnanci statni ochrany ptirody.

Jako strategicky spravné rozhodnuti se ukézal striktni diraz na lokality, kde je ekosystémova
ochrana realnd. Sem byly koncentrovany limitované prostfedky dobrovolné ochrany ptirody
vyznamné mife na dobrovolnické bazi). Naopak, okrajové lokality tieti kategorie v hustéji
osidlen¢ krajin¢ (které jsou aktualné velké mitfe vymielé — ¢lanek 1 Simon, Vanickova, Bily et
al. 2015) byly od pocatku sledovany pouze okrajové (Absolon and Hruska 1999).

Prioritné se ochrana zaméfila na soucasnou NPP Blanice sjen minimalnim osidlenim
(ptipravena k vyhldseni na plose 64 km? v roce 1988) a stabilnim vodnim rezimem dotovanym
prameny s hlubokym ob&éhem (¢lanek 3 Ticha, Simon, Houska et al., Kubikova, Simon et al.
2012). Jak ukazuji stavajici data o stavu populace, je zde pocetnost dosud nejvétsi (Clanek 1
Simon, Vanickova, Bily et al. 2015, ¢lanek 2 Matasova, Simon, Dort et al. 2013) a soucasné se
podafilo uspé€Snym vynucovanim ochrannych podminek v NPP zvritit eutrofizacni trendy
(pfechod pouze na extenzivni pastvu a lukafeni, elimince vlivu komundlnich odpadnich vod) a
predchazet havariim z lesniho hospodafstvi napt. formou trvalého opatteni CIZP pro Vojenské
lesy a statky v ochranném pasmu NPP (nepublikovana data O. Simon, plan péce o NPP Blanice
a Pramenist¢ Blanice).

Biotop druhu se podafilo tedy alespoil na nékterych lokalitach stabilizovat a nasledné vyrazné
zlepsit v fad¢ parametrii. Problematické se vSak ukazaly pteshrani¢ni lokality (PP Horni Malse
a NPR LuZzni potoka a Bystfina), kde je ochrana povodi dosud nedostatecnd. Plivodni zamér
generovat formou preshrani¢ni spoluprace lidské i finan¢ni zdroje pro ochranu biotopu nebyl
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naplnén a povodi maji v fadé parametri po 30 letech pokust o aktivni ochranu nevyhovujici
stav biotopu (¢lanek 1 Simon, Vanickova, Bily et al. 2015).

Tteti etapa zdchranného programu proto jako prioritni izemi stanovuje soustavu navazujicich
povodi Blanice a Zlat¢ho potoka. V souladu s kategorizaci lokalit na geneticky podlozené
ochranafské jednotky (Clanek 1 Simon, Vanic¢kova, Bily et al. 2015) a dirazem na ochranu
ficnich ekosystémul od pramennych oblasti po stfedni teplejsi useky je zde navrzena komplexné
pojata ekosystémova ochrana na vétsich usecich #iéni sité (Svanyga, Simon et al. 2013).

Jak bylo publikovano v ¢lanku 1 Simon, Vanickova, Bily et al. 2015, na jedné Ceské lokalité
sw jiz podafilo obnovit polopfirozenym odchovem mladou kohortu o velikosti minimalné
stovek jedinci ve véku pocinajici plodnosti. Na dalSich ctyfech lokalitaich bylo ovéfeno
prezivani vysazenych jedinct v mensich poctech.

Perspektivni lokalni populace v ramci jednotlivych ochranarskych jednotek

Perspektivu zachovani alespon jedné ze tii geneticky definovanych populaci 1ze povazovat za
velmi pravdépodobnou. Dlouhodobé prieziti je nejpravdépodobnéjsi u populace blanické
vyskytujic se roztrousen¢ v povodi Horni Vltavy, Blanice nad i pod VD Husinec, ve Zlatém
potoce a zbytkove i v ptitocich Sdzavy viz obr. 7 (€lanek 1 Simon, Vanickova, Bily et al. 2015,
&lanek 4 Cerna, Simon, Bily et al.).

Tzv. saalskd populace okrajové zasahujici na tizemi CR hornim okrajem aredlu je silné
ohrozena, ma nestabilni biotop v malych potocich (problémy s opakovanym vysychdnim
Bystiiny a acidifikaci kombinovanou s eutrofizaci u Luzniho potoka) a je zavisla zeyména na
ochran¢ pocetnéjsich lokalnich populaci na bavorské nebo saské strané hranice — obr. 2 (¢lanek
1 Simon, Vanic¢kova, Bily et al. 2015, Svanyga, Simon et al. 2013).

Velmi mala populace mal$ského genotypu o pocetnosti jen nékolika stovek jedincii je na hranici
vymfeni (¢lanek 2 Matasové, Simon, Bily et al. 2013). Jeji zachovani je mozné, pokud bude
{isp&sna preshraniéni spoluprace CR a Rakouska (zahajeny projekt INTEREG 2017-20) a bude
realizovan plan péce o rozsdhlou PP Horni MalSe, ktery strategicky zahrnuje jak horské
zbytkové populace, tak fragmenty populaci na stfednim toku 50 kilometrii od prameni. Stav
biotopu na ¢asti zbytkového aredlu je vSak pfiznivy i pro nejcitliveéjsi vyvojova stadia (€lanek
4 Cerna, Simon, Bily et al.).

5.2 Metodologické problémy sledovani FPOM jakozto potravy mikrofiltratori

Pri¢ina nedostatku bilan¢nich studii od FPOM: problémy s odbérem reprezentativniho
vzorku

Ptevazné heterotrofni fi¢ni sit’ malych povodi je energeticky zabezpecena rozkladem mrtvé
rostlinné hmoty pochazejici ve své vétSin¢ ze suchozemskych nebo mokiadnich ekosystému
(Wetzel 2001, ¢lanek 3 Ticha, Simon, Houska et al.). Sledovani procest pti primarnim rozkladu
listl a jiného stromového opadu je jiz nekolik desetileti vénovana velkd pozornost, recentné
napft. Tant, Rosemond et al. (2015), Ferreira and Graga (2016), Ishikawa, Togashi et al. (2016),
Jonsson and Stenroth (2016), Solagaistua, Arroita et al. (2016), Raposeiro, Ferreira et al. (2017).
Pro sledovani rychlosti rozkladu pod vlivem makrozoobentosu, anebo pii vylouceni tohoto
vlivu, byla vypracovana a §iroce rozsifena metodika ,,husté a fidké sitky*. Stovky provedenych
studii ve vSech biomech proto umoziiuji synteticky hodnotit rizné aspekty rozkladnych procesi
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(Graca, Biérlocher et al. 2005). Relativni dostatek dat vSak méme jen o prvnim kroku
rozkladného fetézce, kde se hruby opad (CPOM) méni na jemny mobilni detrit FPOM (viz obr.
4). Tento material tvofici potravu celym gildam filtratord (napt. Wallace, Webster et al. 1977,
Wotton, Malmgqvist et al. 1998) a zprosttedkovavajici zdsadni ¢ast uhlikového cyklu je vSak
Casto v oblasti aplikovaného i zakladniho vyzkumu ptehlizen anebo zjednodusen¢ pojiman jako
,organicky partikulovany uhlik® nebo ,,ztrata Zihdnim*. Jak vSak ukazuje n€kolik malo praci
detailné zamétenych ptimo na FPOM (Wotton and Malmgqvist 2001, Zimmermann-Timm 2002,
¢lanek 3 Tich4, Simon, Houska et al.), jedné se o neobyc¢ejné morfologicky a biologicky slozity
material v podob¢ lehkych vlocek, kde probihaji intenzivni mikrobidlni procesy. Nabizi se zde
srovnani s aktivovanym kalem v aktivacnim stupni Cistiren odpadnich vod, ¢i spiSe — s ohledem
na trofické podminky — kalovym mrakem vyuzivanym v tzv. pomalych anglickych
vodarenskych filtrech.

Nedostatecné poznani procestt vazanych na FPOM v fi¢ni siti je dano ve vyznamné mife
znacnymi metodickymi problémy pfi jeho vzorkovani. Zatimco hruby opad se obvykle nachazi
deponovany na stalém misté, kde ho mizeme jako staticky objekt snadno vzorkovat fadou
metod (Wetzel 2001, Graca, Bérlocher et al. 2005), tak jemny detrit FPOM je ¢asto ve vznosu
ve stalém nerovnomérném pohybu (Newbold, Thomas et al. 2005). Jak ukazuji lokalni
zkusenosti z CR, pokud nabereme bodovy vzorek vody pii zakladnim odtoku, dosahuji
koncentrace celkovych nerozpusténych latek casto hodnot na hranici detekénich metod (pro
prvkovou analyzu se pak jedna o zcela nedostacujici navazku). Nahodné, nebo i periodicky,
pak ale koncentrace FPOM 1 dalSich suspenzi logaritmicky kratkodobé rostou (Wallace,
Cuffney et al. 1991). Tedy i velmi Casté (kuptikladu kazdodenni) bodové vzorkovani vody neni
vilbec vhodné pro bilanéni kvantitativni sledovani. V CR proto napiiklad aZ na lokélni vyjimky
zcela chybi prostorové, ¢asove a prutokove integrovand data o koncentraci suspenzi v ficni siti.
Statni dostupné data o koncentraci nerozpusténych latek pochazeji bud’ z vyhodnoceni jednoho
bodového vzorku v ndhodny ¢as mesicné, anebo z analyzatorovych stanic s jednim konstantnim
bodem odbéru (ro¢enky CHMU, statistické ro¢enky MZP).

Dosud bylo publikovano jen velmi malo kvantitativnich studii na malych tocich bilancujicich
odnos FPOM v delsim ¢asovém intervalu (Cuffney and Wallace 1988, Eggert, Wallace et al.
2012). Pro velké toky je mnozstvi informaci jesté mensi vzhledem k velkym metodickym
problémum, jak kvantitativné vzorkovat suspenze v hlubokém heterogennim toku (Beverage
and Williams 1990, Lecce 2009). Nutné jsou obvykle velmi ndkladné automatické autonomni
vzorkovace, které jsou schopné zajistit prostorové integrovany vzorek. Pro globalni prehledy
uhlikovych tokt je Casto nutné vyuzivat datové sady, kde je POC (particulated organic carbon,
prevazné pravé FPOM) stanoven pouze nepfesnym dopoctem podle dat o rozpusténém uhliku
DOC (Alvarez-Cobelas, Angeler et al. 2012). Prvni rozsahlejsi studie spiralingu uhliku v tocich
sttedni velikosti byla publikovana teprve nedavno (Hall, Tank et al. 2016). Dale tedy zamétime
pozornost jen na malé a stfedni toky, kde lze jesté predpokladat homogenni rozptyleni suspenzi
v ramci piicného profilu.

Metody odbéru ¢asové integrovaného vzorku FPOM na malych a stfednich tocich

Dostate¢né ti¢inny systém pro kvantitativni vzorkovani riiznych suspenzi teoreticky pouzitelny
1 v podminkéach Sumavskych primarnich toka popsali Wallace a Cuffney (Cuffney and Wallace
1988, Wallace, Cuffney et al. 1991, Bruce Wallace, Cuffney et al. 1997). Jedna se o kombinaci
Coshoctonova rotacniho sampleru, ktery oddéli od proudu celého toku svedeného do Zlabu
ekvivalentni podil v¢etné partikuli do velikosti listi nebo Stérku a soustavy tii velkych bareld,
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které jsou dostatecné pro odsazeni i velmi jemnych suspenzi s pomalou dobou sedimentace
(autorem oznacovanych za VFPOM — very fine particulate organic matter). Zatizeni se dobie
osvédcilo pro toky 1.-3. fadu v horskych lesnich experimentalnich povodich v fidce osidleném
okoli vyzkumné stanice Coweta pro studie pfirozenych i manipulovanych (eliminace
makrozoobentosu, eliminace opadu, obohaceni Zivinami) odnostt FPOM z povodi.

FWl STA%E
RECORDE! o
/%NEL horni pracovni hladina
A,
2 I A

SETTLING
BARRELS

dolni pracovni hladina

Fic. 2. Sampling apparatus used to collect continuous data on seston ¢
export. The Coshocton wheel proportional sampler transfers ~0.6% —_—

f the stream flow into the thre d 100-L settling barrels. Water \
0 € strearm [low nlo the € COVErel setting _/ 3
4

enters each barrel at a point ~45 cm below the water surface (~15 cm
above the bottom of the barrel). Water exiting the barrels is removed -
at ~10 cm below the water surface. The H-flume and FW1 stage £
recorder provide continuous discharge records during nonfreezing

months (April-November).

Obrazek 9 — Vzorovaci stanice s Coshoctonovym déli¢em priitoku dle Cuffney a Wallace (1988) a zjednodusené
schéma ¢asové integrovaného vzorkovace vlastni konstrukce pro vzorkovan FPOM z toku se spadem o hloubce
minimalné 4 cm (1 saci koS, 2 privodni hadi¢ka 4 mm, 3 sedimentacni prithledna 51 PET lahev s napustnim koSem se
zatéZi a vytokovym koSem se siti, 4 odpadni hadicka 4 mm kde je moZné primo mérit pritok nebo jimat filtrat).

Vyhodou této metody je ziskdni dostate¢ného mnozstvi materidlu pro chemické analyzy, to je
vSak vyvazeno velkou cenou, nutnosti pravidelné obsluhy a tdrzby a rizikem poskozeni nebo
zcizeni Casti zafizeni. Jimany FPOM je také ,,skladovan® v letnim obdobi ve vyrazné vyssi
teploté, nez jaké panuje v toku.

Pro studium detritu, ktery byl pouzit jako jediné krmivo pro odchovy v ramci Ceské metody
zachranného odchovu (Svanyga, Simon et al. 2013) bylo proto nutné vyvinout vlastni
vzorkovaci zafizeni tak, aby bylo levné a malé (umoznilo pouziti desitek replikaci), zachovalo
co nejlépe podminky toku po dobu vzorkovani a soucasné se dalo pouzit pro kvantifikaci
odnosi.

Kvalitativni studie FPOM vystaci s jednoduchymi bodovymi vzorky FPOM odebiranymi do
epruvet nebo nasdvanymi z depozic v riznych mikrohabitatech (Ticha, Simon et al. 2012).
V této studii provadéné v povodi Blanice byly rozdily mezi mikrohabitaty jednoho typu
prament jen malé a detrit tak mél tendenci vykazovat v ramci jedné lokality spiSe homogenni
charakter (Tichd, Simon et al. 2012).

Filtratofi typu perlorodky vSak vyuzivaji v adultnim a subadultnim stadiu pouze detrit aktudlné
suspendovany v proudu. Juvenilni jedinci nebo nékteré jiné druhy mlzi, naptiklad hrachovky
Pisidium cassertanum a P. personatum obyvajici pramenisté¢ a mokiiny (Kubikova, Simon et
al. 2011) pak mohou také vyuzivat deponovany detrit na povrchu dna. Kvantitativni studie
v ramci ¢lanku 3 Ticha, Simon, Houska et al. se zaméfila na vzorkovéani suspendovaného
(plaveného) detritu a jeho podrobny chemicky rozbor po déleni na velikostni frakce.
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Vyvinut a testovan byl vzorkova¢ vlastni konstrukce. Zafizeni je zalozené na principu
spojenych nadob (saci ko$ musi byt vyse) a sedimentace Castic z protékajici vody v nadobé o
objemu 5 1, slouzici souc¢asné jako vyménna vzorkovnice, schéma viz obr. 9. Pti sbéru dat pro
¢lanek 3 Ticha, Simon, Houska et al. bylo vyrobeno a pouzito 22 kusti. Podobny princip vyuzil
Panno a kolegové pro Casové integrovany sampler vyuzivany naopak pro filtrované vzorky
vody z prament (Panno, Krapac et al. 1998). Pro toky, kde neni dostate¢ny spad (bezpecny
provoz gravitaéniho sampleru je pfi spadu nad 5 cm na metr), byl ndsledné¢ vyvinut podobny
sedimentacni sampler, kde je proudéni zajisténo nalevkovitym ustim se strofoidnim
zakiivenim. Tyto samplery byly pouzity pro vzorkovani suspendovaného FPOM v ramci
komplexniho sledovani biotopu na Teplé Vltavé. V jiz dokonéeném ¢&lanku 4 Cernd, Simon,
Bily et al. jsou prezentovana jen vybrand data z deponovaného detritu, data ze suspendovaného
detritu byla sbirdna i vroce 2016 a jsou dosud zpracovavana. Pribézné vysledky vsak
spolehlivé ukazuji nizsi zastoupeni nestravitelnych slozek v plavené frakci FPOM oproti detritu
deponovanému.

Oba samplery (tlakovy 1 gravitacni kontinuadlni vzorkovac) odebiraji Casové integrovany
vzorek, ktery charakterizuje primémé koncentrace FPOM za dobu vzorkovani (1-10 dni).
Rychlost pritoku je kontrolovana na zacatku a konci expozice piimym méfenim na odpadni
hadicce. Pti konstantnich podminkach provozu lze vzorky kvantifikovat, v opaéném piipadé
ziskame reprezentativni semikvanitativni vzorek. Pro pfipad ucpani zafizeni nebo prokousani
hadicek hlodavci je vhodné standardné pouzivat paralelni expozice alespon dvou vzorkovaci
(¢lanek 3 Ticha, Simon, Houska et al.).

Jak ukazala fada praci, velci mlzi dokazi tridit partikule jak v Zabernim aparatu, tak v prvnich
usecich zazivaciho systému (Baker and Levinton 2003, Beck and Neves 2003, Espinosa,
Perrigault et al. 2010, Bucci, Szempruch et al. 2013, Lopes-Lima, Lima et al. 2014). Nevhodné
castice vyvrhuji jako pseudofekalni pelety, anebo projdou sttevem bez straveni (Bauer and
Wichtler 2001). Vzhledem k tomu, ze mikrofiltratoii jako je perlorodka ficni se zivi
partikulemi o velikosti pod cca 50 um (Bauer and Wéchtler 2001), d€lili jsme pted analyzou
detrit na tfi velikostni frakce: pod 63 um, pod 250 pm a pod 1000 pm.

Jak ukdazala predchozi kvalitativni mikroskopicka studie (Ticha, Simon et al. 2012) a zminuji 1
n¢které publikace (Zimmermann-Timm 2002, Perks, Warburton et al. 2014), je FPOM za bézné
situace pfitomen v podobé& vlocek zvanych téZ agregaty. Z toho diivodu byla zamitnuta moznost
filtrovat vzorky podtlakové ve standardni filtracni aparatufe (Nichols and Garling 2000,
Christian, Smith et al. 2004). Material byl filtrovan postupnym prokapavanim na velkoploSnych
sitech s maximalni vySkou vodniho sloupce 40 mm. Pouze posledni frakce byla zfiltrovana na
GFC filtru o porozité okolo 0,1 um. Pfedsazena sit’ na sacim kosi sampleru eliminovala ¢astice
veétsi nez 1 mm. Poméry zivin k uhliku byly v jednotlivych velikostnich frakcich rozdilné, a
pravé nejmensi frakce pfimo vyuzitelnd perlorodkami méla relativné nejvétsi koncentrace N a
P v poméru ke koncentraci uhliku (¢lanek 3 Tichd, Simon, Houska et al.).

To dobie ukazuje potfebnost spravného sbéru a zpracovani vzorkiit FPOM. V opaéném piipadé
bude ziskany partikulovany organicky material nereprezentativni a jeho C:N a C:P poméry
budou vyznamné podhodnocené. To by vedlo k faleSnym zavérim, ze takovyto material
nemuze z nutricnich diivodii postacovat jako potrava pro vyvojova stadia perlorodky ficni.
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5.3 Bioindikace juvenilnimi perlorodkami - metody, intepretace dat a limity
pouziti

Jak bylo rozebrano v literarni reSer$i, bioindikace mohou casto byt zavadéjici pfi snaze
korelovat biotické indexy s konkrétnimi fyzikélné-chemickymi faktory vodniho prostiedi.
Proto je jejich pouziti vhodné spiSe v uzsim slova smyslu (analogicky s pfesazovacimi pokusy),
kdy exponujeme vyvojova stadia pfimo druhu, jehoz naroky na prostredi studujeme. I v tomto
pfipadé je vSak nutné klast v experimentech peclivé formulované otdzky a zvazovat, zda
zvoleny typ bioindikaci na né muze dostatecné spolehlivé odpoveédét. Bioindikaéni
mikrokosmy vzdy jen ¢astecné odpovidaji ptirodnim podminkdm v proudici vodé feky nebo
v jednotlivych mikrostanovistich hyporedlu. Lze ptedpokladat, Ze tato podobnost roste
v nasledujici fadé: desticka volnéd voda, klicka volna voda, desticka pode dnem, klicka pode
dnem.

Jako zakladni metoda hodnoceni ptiznivosti testovaného mikrohabitatu je obvykle pouzivana
mira umrtnosti (obsahly ptehled viz Lavictoire, Moorkens et al. (2015)) a rychlost ptirtstku
schranky (srovnani vice lokalit publikovali dosud pouze Denic, Taeubert et al. (2015)).
Vyjimku ptedstavuje prace Fathallaha, Medhiouba et al. (2010), ktefi navrhuji jako alternativni
metodu sledovani dostatecné vyzivy juvenilnich mlzi méfenim pomeéru DNA/RNA a procenta
bilkovin v biomase mlzti. Tento postup se vSak nerozsifil.

Desti¢ky a klicky — riist versus ristovy potencial

Pouzité metody bioindikace se ptirozenym podminkdm pode dnem, kde je ptfedpokladan vyvoj
juvenila (Geist and Auerswald 2007) ptiblizuji v fad€ rostouci podobnosti: zasitovana komtirka
v desti¢ce umisténé ve volné vode, klicka plnéna tfidénym piskem ve volné vodé, analogicka
desticka pode dnem, analogicka klicka pode dnem. Technick4 naro¢nost provedeni a moznost
realné pouzit dostatecny pocet systému je pak opacna. Stejné tak roste riziko uhynu vSech
jedinct, coz mize vést k rozhodnuti instalace pode dnem nepouzit (Scheder, Lerchegger et al.
2015).

Kazda z metod ma vSak urcita dalsi technicka a statisticka specifika. Klicky umoziiuji nasadit
velky pocet jedincti, ale méfen je jen jejich vybér. Soucasné pii1 veétsi timrtnosti se velmi 1isi
pocet jedincii na konci pokusu v jedné nadobé¢. Desticky oproti tomu umoziuji individualni
drzeni jedinct, maji viak maly pocet nasazenych jedincti na jeden systém. Ctrnactidenni az
mesicni ¢isténi je nutné u obou variant. Klicky na piihodnych mistech mohou slouzit také jako
efektivni odchovna metoda (Svanyga, Simon et al. 2013) na rozdil od destiek, kde dlouhodobé
expozice vedly obvykle k vysoké nebo i kompletni imrtnosti (Lavictoire, Moorkens et al.
2015).

Podivejme se vSak podrobnéji na to, jak vérné systémy drzeni modeluji skutecné prostredi.
Buddensiekovy desticky ve volné vod¢é nejsou limitované kyslikem, jehoz nedostatek v
hyporeélu je pravdépodobné hlavnim limitem pro pfezivani juvenilli napf. na nami studované
Vltaveé. Desticky proto ukazuji pfiznivy vyvoj tam, kde v klickach nade dnem je jiz zvySena
umrtnost a snizeny rust (dolni mirn€ eutrofnéjsi a teplejsi lokality Ovesnd, P¢knd) a klicky pode
dnem se vyznacovaly 100 % umrtnosti (P&kna) (¢lanek 4 Cerna, Simon, Bily et al.). Desticky
tedy ukazuji spiSe maximadlni rastovy potencidl. Ten se vSak na redlném stanovisti velmi ¢asto
nemusi realizovat, napt. kvili nedostatku kysliku, ¢i nevhodné zrnitosti substratu.
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Pro snadnost instalace a potiebu jen malého mnozstvi juvenili mohou desticky ve volné vodé
dobfte poslouzit pii bioindikaci ke sledovani toxicity (zejména akutni nebo kratkodobé) a k
indikaci pfili§ studenych mist. Limitovanou vyuzZitelnost desticek ve volné vodé pro bioindikaci
biotopu Siroce diskutuji také Gum, Lange et al. (2011), metodu v§ak némecky tym dale pouziva
pro kiiZzové srovnani biotopt v kiizovych testech (Denic, Taeubert et al. 2015).

Piskové klicky ve volné vod¢ 1épe modeluji mikrohabitat dna. Juvenilové zde mohou aktivné
volit polohu na povrchu nebo pod povrchem, piipadné vybrat na plose cca 2 dm? misto
s nejvhodnéjsim proudénim, koncentraci detritu, kyslikovymi poméry apod. Pravidelné ¢isténi
klicek vyvifenim jemnych partikuli ma na jedné stran¢ kompenzovat ucpavani siték narosty a
driftem (ve volném dné nejsou analogické bariéry), na druhou stranu vSak odstrafiuje ze
substratu jemné sedimenty, a tak méni podminky oproti pfirozenému stanovisti. Vysledky
srovnani klicek ¢isténych a necisténych (prechodné je nebylo mozné nalézt) ukazuji na zasadni
zvySeni umrtnosti v necisténych klickach (Dort 2015, nepublikovano). Je tedy mozné se
domnivat, ze partikule, které proniknou do piskové klicky sitovinou s velikosti oka okolo 300
um, v ni rychle sedimentuji a dale nejsou resuspendovany. Spiraling partikuli FPOM (Newbold,
Thomas et al. 2005, Hall, Tank et al. 2016) je tak narusen. Partikule v redlném toku na tadé
mikrostanovist’ pfechodné¢ sedimentuji za piekazkami nebo v proudovych stinech a mohou byt
jiz pfi malé hydrologické zméné proudem opét resuspendovany. Dale k resuspendaci dochazi
také bioturbaci (Bachteram, Mazurek et al. 2005, Martin Osterling, Bergman et al. 2007), ktera
se v klicce bez makrozoobentosu a ryb neuplatni.

Klicka se také nachazi nade dnem, coz brani jejimu pievrstveni po dné sunutymi sedimenty.
Uvnitt je klicka plnéna tfidénym hrubym piskem pro ulehceni extrakce juvenill, coz také
nemusi odpovidat pomérim v piirozeném habitatu. Rast v piskové klicce nade dnem je proto
také nutné povazovat pouze za rustovy potencial, ktery v realnych habitatech pode dnem nemusi
byt realizovan napt. kvili nedostatku kysliku. Pokud vSak je nedostatek kysliku indukovan
vysokou mikrobialni aktivitou biofilmii na zrnech substratu, mize se tento jev projevit na rozdil
od desticek 1 pfimo v klicce. Podstatna je také moznost pohybu mezi zrny, ktera vede k omezeni
az eliminaci narostli na schrance. Jedinci del$i dobu chovani bez moZznosti prolézat mezi
substratem mohou mit na schrance excesivni narosty (Simon, Bily — vlastni nepublikovana
pozorovani).

Bioindikace pode dnem

Teprve klicky nebo desticky umisténé pode dnem, obdobné jako kolmé sitované rourky
vyvinuté Bilym a Simonem (2014) (nepublikovéano) a také v jiné formé popsané v posteru Pasco
et al. (2015), se vice blizi podminkam v mélkém hyporedlu.

Vsechny tyto systémy mohou detekovat problémy se zasobenim kyslikem v hyporeélu (na ktery
jsou mlzi petfejnatych stanovist’ citlivi — Chen, Heath et al. (2001)), 1 kdyz pii jejich instalaci
nutné musi dojit k (pfechodnému) zvySeni konektivity mezi povrchem dna a hyporealem.
Kratkodobé nékolikadenni experimenty v tomto pfipadé nejsou vhodné, oproti tomu
dlouhodobé expozice destiCek a klicek, které nelze pode dnem Ccistit, mohou vést k ucpani
sitovych ¢asti a umelému zhorSeni kyslikovych poméra.

Data o pfimém meéieni kysliku v mikrohabitatu juvenilli jsou dosud vzéacna (Sparks and Strayer
1998, Englund, Brunberg et al. 2008, Scheder, Lerchegger et al. 2015), ¢astéjsi je pfimé méteni
redox potencidlu zavedené¢ Geistem (Geist and Auerswald 2007) a pouzivané vice tymy
v Evropé. Dostupné jsou vSak dosud prevazné jen vysledky v podobé konferencnich piispévkd.
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Podstatny piispévek k poznani zde predstavuje &lanek 4 Cerna, Simon, Bily et al. Poprvé jsou
zde konfrontovany vysledky bioindikaci pode dnem s pfimym méfenim kysliku ve vodé
z daného mikrostanovisté v riznych hloubkach.

Otazkou vSak zistava, zda mizeme vysledky bioindikaci pode dnem ztotozilovat s pfirodnimi
podminkami v hyporealu. Buddensiekovy desti¢ky, pouZzité v ¢lanku 4 pro jeden mésic trvajici
test, vedou ke vzniku dutiny o objemu okolo 0,5 cm® v prostfedi pis¢itych nebo piséito
Stérkovych sedimentii. V jemnéjSim pisku je to jist€é nepfirozeny otvor, ktery zde spontanné
nemuze vzniknout. Pro smés hrubého pisku, kament a Stérku vSak neni pravdépodobné tato
dutina mimotéadna. Zasadni rozdil pro juvenila je vSak skutecnost, Ze nemize ménit polohu ani
horizontaln€, ani vertikdlné. Nékterym thyniim v destiCkach by juvenilové mohli nejspiSe
piedejit v€asnou aktivni zménou mikrostanovi§té pied postupujicimi mikroaerobnimi
podminkami v métitku centimetrii az decimetrti. Rozdil mezi expozici juvenilti v hloubce 3 cm
a 13 cm pode dnem v pfiznivém poréznim Stérkovém habitatu nebyl statisticky vyznamny
(¢lanek 4 Cerna, Simon, Bily et al.). V desti¢kach také chybi substrat.

Piskov4 klicka (viz obr. 10a) usazend do dna tim zptisobem, Ze povrch pisku v klicce zaplnéné
do vysky 4 cm a povrch okolniho dna je v jedné rovin€, dava juvenilovi moznost volit si
libovolnou hloubku 0—4 c¢m a také polohu v ramci plochy cca 2 dm?. Zistavaji viak problémy
s moznym hromadénim FPOM, ktery nemulze byt znovu resuspendovan. Tento problém se
snazi fesit navrh pouziti tzv. missourskych kament (,,mussel silos* dle Barnaharta (2008), obr.
10b), kdy vlivem hydraulickych jevii nad otvorem zafizeni s oblym povrchem dochazi k sani a
castecnému Cisténi od usazenin pii zvySeni pratoku. Nékolik prototypt jsme v roce 2016
testovali, avSak hydrologické podminky pro test byly neptiznivé.

Obrazek 10a — Schéma piskové klicky se zasit’ovanymi bo¢nimi stranami a vickem (orig. M. Bily) a 10b schéma
missurského kamenu podle Barnharta (2008).

Oproti klicce ve volné vod¢ jsou pii zanotfeni do dna jedinci jiz pod vlivem teploty panujici
v hyporedlu. Jedna z klicek exponovanych pode dnem vroce 2014 na Teplé¢ Vlitavé se
vyznacovala vyrazné snizenou teplotou (pravdépodobné vlivem upwelingu) a také zasadné
niz8im ristem (Dort nepublikovano).
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Nevyhodou klicek muze byt stale jest¢ omezeny kontakt s okolni vodou (sitovina pokryva
odhadem 50 % povrchu klicky) a moznost umélého zhorSeni proudéni v hyporealu. Pouze
vhodné navrzené bioindikace pode dnem mohou dobie popsat realny rlst juvenilti perlorodky
ficni.

Studie zamétené na habitatové naroky juvenilti mlzl v hyporealu jsou obecné dosud velmi fidké
(Neves and Widlak 1987, Mummert, Neves et al. 2003, Newton and Bartsch 2007) a zadna
prave ve fazi zivota pode dnem je Casto narusen rozmnozovaci cyklus druhu (Geist 2010, Reid,
Keys et al. 2013, Gumpinger, Hauer et al. 2015)

Prostfedi hyporeédlu je obtizné pro studium pro svou fyzickou nepfistupnost, mechanickou
odolnost, vyraznou variabilitu a trojrozmérny charakter (Brunke and Gonser 1997, Braun,
Auerswald et al. 2012). Existuje zde sice n€kolik zavedenych metod napiiklad vytrhavani
vymrazené¢ho koru (Dahm, H. et al. 2007), ale pocet studii z tohoto prostfedi je ve srovnani
s pracemi popisujicimi povrch dna nebo prostiedi proudici vody jen velmi maly. Pokud ma byt
snazeni o detailni zmapovani kritické faze zivota juvenilll perlorodky ficni Gspésné, je nutné
hojnéji vyuzivat bioindikace realizované piimo v hyporedlu, spojené s pfimym méfenim
kritickych parametri prostiedi. Clanek 4 Cerna, Simon, Bily et al. tak pfedstavuje velmi
potifebnou primarni studii této problematiky.

6. Prinos prace a zavérecné shrnuti

Disertaéni prace se zaméfila na 3 hlavni tématické okruhy: sumarizaci stavu populace v CR
zejména s ohledem na pfirozené rozmnozovani a vysledky posilovani pomoci odchovti, ddle na
otazku potravy juvenilnich jedinci na pfikladu detritu z pramenist a v rozsahlé sérii
bioindikacnich experimentl pak byly hledany limitujici faktory pfi terénnich expozicich. Dva
z ¢lanki tvotici disertacni praci jiz byly publikovany a dalsi dva jsou v recenznim fizeni.

Stav populace perlorodky ¥i¢ni v CR je typickou ukazkou rychlého mizeni druhu citlivého na
Cistotu vody ve 20. a 21. stoleti. V povodi Vltavy byly indentifikovany dvé geneticky odlisné
populace, dalsi pak byla nalezena v okrajovych castech povodi Saly zasahujicich na ASsko.
Rozmnozovani druhu v CR s malymi vyjimkami stagnuje od 70. let. Malé a izolované populace
se nachazeji obvykle na horni hranici svého ptirozeného arealu v polohach limitovanych nizkou
teplotou a nedostatkem potravnich partikuli. Ziskané poznatky byly vyuzity pfi relizaci
zachranného programu perlorodky fi¢ni a zlepSily rozsah znalosti o arealu a ekologii druhu.

Zasadni limit pro perlorodku fi¢ni v povodi Vltavy pfedstavuje nevhodné slozené potravnich
suspenzi. Studovany byly pfimo pomoci sedimentac¢nich samplerd i nepfimo s vyuzitim metod
bioindikace. Pomoci kontinualnich sedimenta¢nich samplert DDG vlastni konstrukce se
podaftilo popsat sezonni bilanci v produkci detritu z pramenist’. Trofickd hodnota sledované¢ho
detritu frakce FPOM je vysoka a materidl nemohl byt jednoduse odvozen z opadu nadzemni
vegetace v okoli s niz§im pomérem C-N a C-P. Na jeho vzniku se patrné podilela zejména
mikrobidlni spoleCenstva v oxické 1 anoxické zoné helokrénnich pramenist. Podobné
komplikované jsou procesy vzniku detritu v fi¢nich biotopech s velkym podilem ponofenych
makrofyt. Vyrazny pokles koncentraci rozpusténého dusi¢nanového dusiku (a méné vyrazny i
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v pfipad¢ dalSich zivin) mezi vyvérem a odtokem z helokrenu svéd¢i pro transformaci zivin
z rozpusténé frakce do frakce partikulované.

Prokazana schopnost mnoha sledovanych pramenist’ i¢inné snizovat mnozstvi zivin ve vod¢
Jiz na samém zacatku ficni sit¢ si vyzaduje dalsi detailni vyzkum. Nejde pouze o doplnéni
dalsiho rozméru do konceptu ficniho kontinua (coz bylo vyzdvizeno v ¢lanku 3 Ticha, Simon,
Houska et al.) ale jedna se o poznatek pfimo vyuzitelny pfi managementu povodi. Pramenné
oblasti zbavené pti systematickém odvodéni helokrénnich pramenist’ mohou byt jejich obnovou
pravdépodobné ulinné zbaveny casti zivin v rozpuSténé forme. Vyuziti je mozné jak
v chranénych uzemich, tak zejména ve vodarenskych povodich.

Vysledky bioindikacnich experimenti pomoci juvenilnich perlorodek se 1i§i podle pouzité
metody. Bioindikace v destickach s individudlnim drzenim jedinct detekovaly nejlepsi rlst ve
spodni ¢asti toku, oproti tomu piesnéjsi dosud nepouzivana metoda piskovych klicek spise
ukazovala na lepsi rist ve stfedni ¢asti podélného profilu. Rozdil je patrné zplisoben tim, Ze
bioindikacni systémy, které nejsou umistény piimo pod dno, nemohou regovat na problémy
s kyslikovym rezimem v hyporealu. PfirGstek v komplexnéjSich bioinidika¢nich systémech
s hromadnym drZenim mezi roky méné kolisal a dosahoval ve stfedni ¢asti povodi az 150 % za
3 mésice.

Mikrohabitatova studie lokalizovana piimo v mélkém hyporealu potvrdila vyrazny pokles rtistu
1 prezivani pti poklesu koncentrace kysliku pod bézné kolisani (zejména v jemném substratu).
Kyslikovy rezim tak patii mezi hlavni potvrzené faktory ovliviiujici rist a prezivani mladych
mlzt. Dalsi dilezity jiz diive popsany faktor je primérnd ro¢ni teplota. Obsah organické
hmoty, celkového fosforu a vapniku v detritu ve vzorcich z fi¢niho toku oproti vstupni hypotéze
neukazal jasnou korelaci s rastem v bioindikacnich systémech. Publikované vysledky ptinesly
prvni komplexni soubor dat o pfezivani a riistu juvenilnich perlorodek o staii 1 a 2 roky
soucasn¢ v ruznych mikrohabitatech a rozsifily tak poznatky o ekologii druhu v kritické fazi
rozmnozovaciho cyklu. Bioindikacni experimenty lze pfi spravné interpretaci vysledka také
dobfte vyuzit pro praktické potieby pii ochrané biotopu perlorodky ficni.
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7. Summary

The pearl mussel has been considered a disappearing mollusc worldwide. This species, like
other freshwater invertebrates, is strongly affected by anthropogenic changes in catchments and
by water pollution. The pearl mussel life cycle is complicated, include a parasitic stage in fish,
and benthic, plankton and hyporheic phases under the river bottom. This species has had
significant problems with reproduction for more than 50 years in central Europe. The pearl
mussel has failed in reproduction for a long time in the most remaining Czech localities and all
populations are overaged. The Breeding cycle is interrupt mainly during the hyporheic phase
of life, which is 10-20 years long, and animal is detritivorous.

This doctoral thesis has three main topics. The first of them is to summarise the status of the
population in the Czech Republic, focusing mainly on natural reproduction capabilities and
results of artificial breeding. The second topic is young mussel nourishment, especially by
detritus from spring areas. The last topic is in situ bio-indication experiments searching
limiting factors for juvenile mussels. Two papers creating the thesis were published and
another two are in the review process.

The Czech pearl mussel population status is a typical example of a species that has been
disappearing rapidly in the 20" and 21° century because it is sensitive to water quality. Two
different populations were identified in the Vltava catchment by genetic methods, another in
the Saale catchment margins, which occur in the ASsko region. Reproduction of the species has
been stagnant since the 1970's, with only a few exceptions. Small and isolated local populations
limited by low temperature and a deficit of food particles usually occur near the upper border
of their natural area. Therefore, the strategy of pearl mussel conservation in the Czech Republic
has focused on well-preserved localities and they were established as Sites of Community
Importance (SCI).

With the aim to improve the age profile of the population, older juveniles were released. The
juveniles survived successfully in all localities. Information describing the species recent
occurrence in South Bohemia was published. Analogous to the Czech Republic, the population
status is similar in Saxony, Bavaria and Austria, where the species has been disappearing
rapidly and the area of its occurrence is fragmented. The evaluation of released juvenile survival
after a longer period of time is needed in further studies.

The fundamental limit for pearl mussel has been the unsuitable composition of food suspension
in the Vltava catchment. Detritus (fine particulate organic matter, FPOM) was studied directly
by sedimentation samplers and indirectly by using bio-indication methods. Using sedimentation
samplers DDG (working at the principle of communicating vessels), seasonal changes in the
production of spring wetland generated FPOM were studied. From the methodological point of
view, due to low cost samplers it was possible to use two reserve devices positioned serially.
Production of detritus reached 3mg per litre on average. Even in the Blanice catchment, with
100 springs per hectare, it is considered to be a significant amount of matter. Further research
should focus on the downstream transport of detritus in basic flow conditions, as well as on
flow pulses caused by flash floods or medium-term changes in flow rate. Only this approach
can give the answer to the question of which amount of detritus from spring areas is able to
feed the pearl mussel colonies that are dozens of kilometres away.
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Studied FPOM has the high-quality trophic value. It is not likely that it could be derived from
local terrestrial leaf litter, which has a lower C-N and C-P relation. This FPOM was probably
created by the involvement of microbial communities both in the oxic or anoxic zone of
helocrene springs. Concentration of dissolved nitride nitrogen considerably decreased (not so
considerable in other nutrients) between helocrene source and outflow. It is an evidence that
nutrients were transformed from solute to particulate form. The processes of detritus production
in riverine biotopes with a high proportion of submerged macrophytes are similarly
complicated.

Bio-indication method using juvenile pearl mussel directly in the river channel is applicable for
study of pearl mussel ecology. However, the results of experiments differ according to the
method used. In mesh cages with individual holding of juveniles in free-floating water
conditions, the best growth and a good survival rate were identified in lower reaches of the
experimental river stretch. In contrast, sandy cages demonstrated better rate of growth in the
middle reaches, yet a higher rate of mortality in the lower reaches. The differences arose from
the fact that the bio-indication system, which is not localised under the bottom surface, does
not respond to the problematic bottom sediment oxygenation. The growth gain in more complex
sandy systems fluctuated less between years and it has been 150% per three-month exposition
in the middle reaches.

The microhabitat experimental study which was localised directly in shallow hyporeal has
confirmed a significant decrease in grow rate and survival in the case of decreasing oxygen
levels below the common fluctuations, especially in soft sediments. Bottom oxygenation is
therefore one of the main confirmed factors influencing the growth rate and survival of juvenile
mussels. The other main factor is temperature, as was described by earlier authors. Further
studies are needed concentrating on the hyporeal environment in order to describe pearl mussel
autecology in detail.

Municipal sewage waters have been causing problems with pearl mussel occurrence in some
parts of protected areas. In spite of only once monthly periodicity of sampling, some episodic
pollution of one of theVltava river inflows was described. The concentration of NH4+ spiked
above 1.2 mg per litre and caused total mortality in exposed cages. In contrast, other 100%
mortalities in lower reaches of the experimental river main channel have remained unclarified.

In contrast to an input hypothesis, neither growth nor survival showed any clear correlation
with organic matter, total phosphorus and calcium in detritus occurring in the main localities.
Detailed laboratory experiments in constant temperature and a wide range of chemical
composition of FPOM are needed.

The ecosystem-oriented pearl mussel conservation in the Czech Republic seems to be a useful
concept for the future. The new findings described in this thesis can help to improve the pearl
mussel conservation action plan and can add another piece of knowledge which is important
for the protection of the ecosystem of mountain oligotrophic rivers.
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ABSTRACT

The freshwater pearl mussel was historically abundant in many streams and rivers in the Elbe, Oder, and
Danube Basins in the Czech Republic, Central Europe. By the 21st century, the mussels had become extinct
in the lower and middle altitudes, and current populations are only present near the upper limit of their
natural range. The current population of this mussel is estimated to be only 1% of the historical abundance.
The population decline was related to the negative impacts of pollution from industry, intense agriculture,
forestry, and sewage water. The freshwater pearl mussel habitat has also been impacted by watercourse
regulations and has been fragmented by dams and weirs. All of these impacts have resulted in failure of
the reproductive cycle; the last significant cohort of juveniles settled approximately 30 — 40 years ago.
Therefore, this species is considered critically endangered, and an action plan was developed to conserve
the populations in the Czech Republic. Special measures were conducted between 1984 and 2005 to
improve the age structure of elderly populations. Fish infected with millions of glochidia were released
in two locations, and over 53,000 captive-bred juveniles that were three to five years old were released in
seven locations. Only the latter approach resulted in a small number of subadults that gradually emerged
from the substratum to the bottom surface, as confirmed by monitoring efforts. Despite simultaneous
efforts to restore mussel habitat over the last 25 years, natural reproduction still does not occur in the
Czech Republic. Therefore, complete restoration of oligotrophic streams is the key to the future presence
and natural reproduction of freshwater pearl mussels in the Czech Republic.
© 2014 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/3.0/).

Introduction tifera) was historically an abundant species in oligotrophic streams,
but it has been disappearing rapidly in recent decades. This species
Freshwater species, particularly bivalve molluscs, are greatly has a complex life cycle that begins with a very brief planktonic

threatened with extinction (Bauer and Widchtler, 2001; Strayer,
2006), and their protection requires a comprehensive approach
(Geist, 2011). The freshwater pearl mussel (Margaritifera margari-

* This article is part of a special issue entitled “The current status and future chal-
lenges for the preservation and conservation of freshwater pearl mussel habitats”.
* Corresponding author at: T.G Masaryk Water Research Institute, Podbabska 30,
CZ-16000, Prague 6, Czech Republic. Tel.: +420 220197365.
E-mail address: simon@vuv.cz (O.P. Simon).
T These authors contributed equally to this work.

http://dx.doi.org/10.1016/j.limno.2014.11.004

phase in the form of microscopic glochidia, which is followed by
a parasitic phase on the gills of salmonid fishes for nearly a year.
The completion of metamorphosis is followed by a hidden phase
in hyporheic zone. Finally, the young mussel emerges at the bot-
tom surface and may live up to a century as a stable, sessile benthic
filter-feeder consuming fine detritus (Bauer and Wachtler, 2001).
The complexity of the freshwater pearl mussel’s lifecycle makes
it vulnerable to rapid anthropogenic changes that have affected
freshwater ecosystems over the last two centuries.

Currently, the freshwater pearl mussel is designated endan-
gered species based on European Union legislation and is protected

0075-9511/© 2014 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/3.0/).
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within Natura 2000. According to the national law of the Czech
Republic, the species has been listed as critically endangered since
1992 but has been under legal protection since 1913, when it was
declared a year-round protected species and harvesting of wild
populations was banned. Mussels were allowed to be cultured for
pearl production in artificial millraces. The last documented offi-
cial pearl hunt occurred in 1944 in the millrace of Otava River in
HoraZdovice (Dyk, 1947; Dyk and Dykova, 1974). The conservation
of the freshwater pearl mussel in the Czech Republic was cov-
ered by the nation’s general environmental protection legislation
announced in 1955.

Despite their protection over several decades, the freshwater
pearl mussel is retreating from its natural range across Europe
(Araujo and Ramos, 2001; Popov and Ostrovsky, 2013). Generally,
the causes of declines have been eutrophication, river regulations
and changes in land use in catchments (Bauer, 1988; Hruska, 1999;
Gumpinger et al., 2002; Geist, 2010). In the Czech Republic, the first
documented massive die-out of freshwater pearl mussels occurred
via the construction of paper mills and other industrial enterprises
between 1850 and 1940 (Dyk, 1947). Subsequently, the discharge
of untreated sewage water, the construction of dams, and the reg-
ulation of stream canals had additional profound negative impacts
on this species. Land use changes also occurred; for example, tra-
ditional farming on less productive land was gradually abandoned
such that former fields and meadows returned to natural succes-
sion, and agriculture on more productive fields was intensified
(Dyk, 1992; Hruska, 1991b). Forest diversity was modified when
the proportion of spruce monocultures increased. The water course
within the landscape was managed via the massive construction of
drainage systems, which caused the physical destruction of many
natural streams due to digging and elevated levels of erosion (NCA
CR, 2013).

These cumulative effects had a significant impact on the tem-
perature regime, erosion patterns, and water chemistry, which
resulted in changes in the aquatic food webs of individual river
basins. A distinct lack of detritus particles with sufficient nutrient
and calcium content (Hruska, 1991a; Ticha et al., 2012) are con-
sidered to be the main factors preventing the reproduction and
survival of juveniles in most of the residual Czech populations
(HruSka, 1991a, 1991b; NCA CR, 2013). The absence of regular pop-
ulation recruitment led to population declines. Conservation efforts
for remaining freshwater pearl mussel populations and research
on the causes of reproductive failure began in the 1980s (Bauer
etal., 1980; Young, 1991). The freshwater pearl mussel is currently
recognised as a flagship species for the complex protection of olig-
otrophic catchments due to its importance as a sensitive species
(Buddensiek, 1995; Hruska, 1999; Geist, 2010). Despite the con-
servation and protection efforts of this mussel species, few action
plans in Europe have resulted in significant population increases or
improvements in the age structure, apart from the Lutter River in
Germany (Buddensiek and Ratzbor, 1995; Altmiiller and Dettmer,
2006).

In the Czech Republic, systematic activities to protect the fresh-
water pearl mussels have been conducted since 1982 (Hruska,
1985), and a comprehensive action plan is currently being con-
ducted. The main conservation and protection efforts focus on
habitat protection combined with direct population support
measures, including breeding mussels and providing optimal con-
ditions and special management in specially built side-arms of the
river (Hruska, 1999).

The aim of this study is to summarise the current status of
populations of freshwater pearl mussels in the Czech Republic
compared with historical populations. We provide an overview
of the population reinforcement over the past 25 years and the
presence of juveniles in these populations. In addition, we discuss
the effectiveness of the conservation measures and evaluate the

initial results of the long-term attempts to augment the residual
populations.

Methods
The study area

The study area is located on the southeast edge of the freshwa-
ter pearl mussel range in Europe. The area includes the following
river catchments: the Vitava and Saale Basins of the upper Elbe
River, which drains into the North Sea; the Oder and Nisa Basins
of the upper Oder River, which drains into the Baltic Sea; and the
Morava Basin of the Danube River, which drains into the Black
Sea. The original range of the freshwater pearl mussel is rela-
tively sparsely settled and is characterised by a high percentage
of forested areas, with a current predominance of spruce monocul-
tures. In the bedrock, crystalline rocks (granite, granodiorite, and
diorite) are dominant.

The conservation of freshwater pearl mussels in the study area
is managed by the governmental Nature Conservation Agency (NCA
CR) in the form of a national action plan. The action plan categorises
localities with viable populations according to their current and
predicted statuses (Supplement A). An ecosystem-oriented con-
servation approach is used to reflect the complex processes in
oligotrophic waters that are key to freshwater pearl mussels’ sur-
vival and reproduction.

Analysis of available data on historic freshwater pearl mussel
occurrence

The data of the historical occurrence of freshwater pearl mus-
sels in Czech rivers and streams were summarised from various
reports (Schubert, 1933; Nowak, 1936; Dyk, 1947; Podubsky
and Stédronsky, 1955; Svatos, 1971; Dyk and Dykova, 1974;
Flasar, 1992). Historical occurrences obtained from secondary
sources were marked as unreliable records. Unfortunately, histor-
ical sources only considered the occurrence of freshwater pearl
mussels in rivers and streams, rather than the quantitative esti-
mates of the populations. In addition, because surveys before 1950
were conducted for economic purposes, minor populations were
likely overlooked. Current populations located in small streams
may also have been overlooked. Nevertheless, all current mussel
localities were presumed to have had populations in the past.

Analysis of the present occurrence and abundance of freshwater
pearl mussels

The freshwater pearl mussel is listed as critically endangered
in the Czech Republic; thus, it is protected by a law that pro-
hibits disturbing M. margaritifera in its natural habitat, handling
mussels during any phase of their life cycle, manipulating indi-
viduals, extracting individuals from stable positions, and killing
mussels. Therefore, research must follow the restriction under
the conservation law. For example, screening of the habitat
for the presence of mussels can be performed only by count-
ing mussels visible on the bottom surface because disturbing
their habitat by ransacking or sieving of the sediment (Hastie
et al., 2004; Young et al., 2001) is illegal. These research restric-
tions limit the accuracy of population size and age structure
estimates.

Current abundance data were obtained from the survey
database of the action plan and the authors’ observations. A
summary of the knowledge regarding mussel occurrence was
plotted in standard KFME squares (Ehrendorfer and Hamann,
1965).
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Fig. 1. Comparison of the historical and present occurrence of freshwater pearl mussels in the Czech Republic and the recent population reinforcement. The network of
standard KFME squares and main river systems is indicated. Recently extinct and uncertain historic localities of M. margaritifera are as follows: No. 4 Orlice, Doubrava,
Chrudimkaj; No. 5 LuZicka Nisa/Lausitzer Neisse, Plou¢nice; No. 6 Kladska Nisa/Nysa Klodzka; and No. 7 Be¢va. Current populations are labelled according to their affiliation
with the conservation units (CU). No. 1 Blanice CU comprises populations in Blanice, Zlaty potok, part of Tepld Vitava (southwestern Czech Republic) and Jankovsky potok
(central Czech Republic). No. 2 comprises MalSe/Maltsch and part of Tepla Vitava. No. 3. Saale comprises populations in LuZni potok/Zinnbach and Bystfina/Wolfsbach. More
details regarding the CUs are given in Fig. 5. Population reinforcement with grown juveniles according to their numbers is indicated by the symbol size (triangles). The arrows
indicate the streams of Svarcava/Schwarzbach, Kamenny potok/Bieberbach and Kouba/Chamb (Danube Basin) that flow from the Czech Republic to Bavaria and Germany,

where significant populations still occur.

Streams were usually inspected at the beginning of the growing
season after the water had receded from the elevated spring levels
but before the foliage grew on bank-shore trees and before the peri-
phyton overgrowth reduced the visibility within the stream. The
abundance of pearl mussels in smaller, shallower streams, order
Il - IV according to Strahler (Strahler, 1957), with relatively lower
numbers of individuals (Bauer, 1992; Hastie and Cosgrove, 2002)
was assessed by complete screening as counting from the shore or
carefully wading directly through a particular stream. Using this
approach, all mussels visible on the sediment surface were directly
counted using an aquascope (4 12 cm) with additional lighting for
shadowed microhabitats or using a magnifying glass for detecting
juveniles. This methodology was repeatedly conducted in Blanice,
Luzni potok, and Bystfina (Fig. 1 localities no. 1 and 3). In the other
locations, the complete screening approach was not used due to the
habitat size. The occurrence of mussels was screened only in habi-
tats that were presumed suitable, and shells and mussel remains
were noted where mussels may have been overlooked upstream.
Therefore, mussel abundances in larger habitats should be consid-
ered minimum estimates of the likely abundances.

We distinguished between the following two types of locali-
ties: localities with living individuals and extinct localities with
no signs of freshwater pearl mussels. As such, we assessed local-
ities with previously known freshwater pearl mussel populations
but repeatedly found no individuals or only empty shells (Young

et al., 2001). Reliable evidence of extirpation is available only at a
few sites because the streams with severely altered habitats that
are not expected to significantly improve are not priorities of the
national action plan.

A reconstruction of the historical areal distribution for compar-
ison with the current distribution of pearl mussel populations was
conducted in South Bohemia (southwest of the Czech Republic),
where the historical distribution was sufficiently described due to
previous pearl fishing. We compared the occurrence in streams
of order IV and higher according to Strahler because the data on
smaller streams may have been underestimated.

Comparative analysis of the distributions of both historical and
current localities based on stream-order flow (Strahler, 1957) and
altitude was conducted using a GIS tool (MapInfo) at a map scale of
1:10,000. The term “locality” refers to a site with freshwater pearl
mussel presence within a stream or stream section (the stream sec-
tion should be at least 10 km in length; we used this approach for
localities with continuous occurrences of mussels). Localities with
a total abundance of less than 10 individuals and artificial habitats
(millraces) were not included in the analysis. Elevations above sea
level (m a.s.l.) were determined in the middle section of the stream
section, and the data were then categorised into 50 m intervals.
Because the historical data actually underestimated the occurrence
of freshwater pearl mussels in streams of order Il and lower, we
used absence-presence records.
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Table 1

Overview of the recent localities, population sizes and reinforcements of freshwater pearl mussels in the Czech Republic. Border streams and recently extinct localities
were included. For levels of legal protection, the following abbreviations were used: EVL (EC Habitats Directive Natura 2000 protected area); I - IV (national protected area
according to the IUCN classification), BG (Biogenetic Reservation of the Council of Europe id CZ930001). For population reinforcement, F is fish infestations (for upper Blanice
see details in Table 2) and the numerical value is the number of released grown juvenile mussels. For population screening, the year and discovered size of the mussel
population (Nind) are indicated. The number of juveniles (out of all individuals) was underestimated because we only counted individuals visible on the sediment surface;

in some localities, this information was not available (n.a.).

Basin Local basin River Locality Country Legal Population Population Population Subadults
protection reinforcement  screening size (Ning)
(Nina, year) (year)
Elbe (CZ/DE) Vltava (CZ) Blanice Blanice upper cz EVL, 1V, BG F (1984 - 2010 10,120 >1%; locally
1995); 49,468 >10%
(1995 - 2005)
Blanice lower cZ EVL, IV 0 2011 358 >1%
and Zlaty potok
lower
Zlaty potok (4 EVL 887 (2002 - 2005 1,720 >10% 184 ind.
upper 2003)
Vltava Dluhost’sky (o4 v 0 2011 0 0
potok
ChvalSinsky cz v 0 2006 6 n.a.
potok
KfemZsky potok CZ v 0 2005 50 n.a
Mal3e upper CZ/AU EVL, IV 438 (2005) 2012 >440° >10% 49 ind.
MalSe lower Ccz EVL 0 1996 202 n.a.
Tepla Vitava CczZ EVLII F (1999 - 2013 >3312 >1% 18 ind.
2003); 1180
(1998)
Sazava Jankovsky potok CZ EVLIV 42 (2005) 2012 2 2 ind.
and Kladinsky
potok
Saale (DE) Regnitz (DE) Bystfina CZ/DE EVL, 11 34 (2003) 2009 594 n.a.
Rokytnice upper CZ/DE EVL, IV 0 2013 1 1ind.
Luzni potok CZ/DE EVL, IV 1,329 (1995 - 2013 2,034 1% 19 ind.
2001)
Schwesnitz (DE) Ujezdsky potok  CZ/DE - 0 2012 12 0
Pekelsky potok  CZ/DE - 0 2012 0 0
Order (CZ/PL) Odra (PL) Nysa Klodzka (PL) ~ Cerny potok Ccz - 0 1992 0 0
Lausitzer Neisse =~ Sméda Kocici potok CZ/PL - 0 1977 0 0
(CZ/PL/DE) Sméda Ccz - 0 1977 0 0

2 Indicates that the method of complete screening could not be used due to the habitat size (see Methods).

Analysis of the freshwater pearl mussel population genetic
structure

To describe the genetic structure of Czech freshwater pearl mus-
sel populations, we analysed 134 individuals at 10 localities: two
locations at the upper Blanice (20 and 15 ind.), two locations at
the lower Blanice (9 and 8 ind.), the upper Zlaty potok (16 ind.),
the upper MalSe (15 ind.), Tepla Vitava (15 ind.), Bystfina (15
ind.), Luzni potok (15 ind.), and Jankovsky potok (6 ind.). DNA was
extracted using the DNeasy Blood & Tissue Kit (Qiagen) from the
haemolymph of living adult and subadult individuals, except for
one sample that was obtained from a deceased adult. Haemolymph
was sampled non-invasively and under a special permit following
the protocol of Geist and Kuehn (Geist and Kuehn, 2005).

Allindividuals were genotyped for 12 microsatellite loci (MarMa
1632, MarMa 2671, MarMa 3050, MarMa 3621, MarMa 4322,
MarMa 4726, MarMa 5167, MarMa 5280, MarMa 3116, MarMa
4277, MarMa 4315, and MarMa 4859; Geist et al., 2003) using
the Multiplex PCR kit (Qiagen), followed by a fragment analysis
on an automatic sequencing machine (ABI 3130 Genetic Analyser,
Applied Biosystems). The genotypes were scored using GeneMap-
per Software 3.7 (Applied Biosystems). To assess the relationship
among individuals, we performed a factorial correspondence anal-
ysis (FCA) using the program Genetix 4.05.2 (Belkhir et al., 2004).

Age structure assessment

The laws forbidding the handling of mussels in their natural
habitat prevented the possibility of construction of cohort diagrams

and the exact determination of the age structure of Czech fresh-
water pearl mussel populations. However, living individuals were
measured during emergency transfers due to habitat loss, such as
drought or construction in streams. Such transfers were conducted
recently at two localities, Blanice and Zlaty potok, in 2000 and 2002,
respectively, on sets of 1408 and 87 individuals.

An individual assessment of the age of living freshwater pearl
mussels was possible due to the knowledge of size-to-age relation-
ships previously determined using deceased individuals. Shells of
various sizes were collected from particular localities and were
analysed using the ligament-sectioning technique according to
Hendelberg (Hendelberg, 1961). The annuli were counted, and a
regression curve specific to each locality was computed (archived
by NCA CR) using the measured length (i.e., length of shell, length of
ligament, and length of corroded ligament). Each living individual
was measured with an accuracy of 0.1 mm (length of shell, length of
ligament, and length of corroded ligament). By comparing the data
obtained with the regression curve for each particular locality, we
determined the age of the individual to a decadal accuracy.

The approximate dates of the ceased natural reproduction were
based on cohort diagrams. Alternatively, we used knowledge of the
last known occurrences of small individuals under 6.5 cm that were
presumably juveniles (Young et al., 2001).

To estimate the proportion of juveniles in the current popu-
lations, the age classes (adult/subadult) of smaller mussels were
assessed by inspecting the distance between the outer edges of
exhalant and inhalant apertures. Individuals with both siphons
within a 3cm distance were included in the subadult category
(Matasova et al., 2013). Because no overlap occurs in the sizes of
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Fig. 2. Detailed overview of the range reduction of the M. margaritifera in the southwest part of the Vltava River Basin between 1850 and 2013. The presence of mussels is
indicated with a black line or points in streams that are order IV and higher (according to Strahler, 1957). The triangles show constructed dam reservoirs.

adult and subadult mussels, we could distinguish younger mussels
with a high level of accuracy.

Population reinforcement

Population reinforcement of M. margaritifera was conducted
in all remaining localities within the last three decades. To avoid
genetic transfers between areas of population reinforcement, the
identity of the local population was strictly respected, and only
local genotypes for each particular locality were used. Czech pop-
ulation reinforcement efforts were conducted via two approaches:
the release of glochidia-infected fish or the release of captive-bred
juveniles (the ages varied between 3 and 5 years on average).
The year(s) of the population reinforcements are summarised in
Tables 1 and 2. In Blanice, Luzni potok and Zlaty potok, juveniles
were released into specially built side-arms with special meadow
management to provide optimal habitat conditions (Hruska, 1999).

Results
The historic occurrence of freshwater pearl mussels

The range of the historical occurrence of freshwater pearl mus-
sels in the Czech Republic is depicted in Fig. 1. M. margaritifera
historically lived in the drainage areas of the North Sea, and abun-
dant populations lived in the mountainous streams south of the
Elbe Basin (VItava, Saale). The most abundant populations were
found in the catchment area of the VItava (Moldau) in South
Bohemia (southwest of the Czech Republic), primarily in large
rivers, such as Otava to Pisek, Blanice, and MalSe (Maltsch) and
Vltava to Ceské Bud&jovice (Fig. 2). The species was also occa-
sionally found in upper streams of the Odra Basin bordering
Poland (northeast of the Czech Republic; drainage of the Baltic Sea;
Table 1). These populations (Luzicka Nisa: no. 5 in Fig. 1; Kladska
Nisa no. 6 in Fig. 1) were isolated, sparse, and located at lower
altitudes. These populations are currently extinct. The last known
evidence of mussels living within the LuZicka Nisa catchment was

vevs

in KocCici potok, where two individuals were found in 1940.1n 1977,

only shell remains were found. The last known populations in the
Kladska Nisa Basin (Cerny potok near village Vidnava) had disap-
peared by 1991.

Other traditionally listed but uncertain historical occurrences of
freshwater pearl mussels were in the Danube Basin (no. 7 in Fig. 1;
southeast of the Czech Republic; Black Sea) and Elbe localities, such
as Orlice, Doubrava, and Chrudimka (no. 4, Central Czech Republic;
Dyk, 1947).

The present status of freshwater pearl mussel populations

The current total size of M. margaritifera populations in the
Czech Republic was estimated as 16,000 individuals (Table 1). The
freshwater pearl mussel has disappeared from all localities at alti-
tudes below 500 m a.s.l. and from large rivers and streams (order V
and higher). Therefore, most of the current localities can be found
near the upper limit of the mussel’s historical range at altitudes of
approximately 700 m a.s.l. and in streams of order III - IV (Fig. 3).

The most abundant populations in South Bohemia, which is
known in the catchment area of the Vltava River, disappeared from
90% of the localities between 1850 and 2012; an estimated 99% of
the population died out (Fig. 2). The current populations are mainly
preserved in river systems of Blanice, Zlaty potok and Tepla Vltava.
Freshwater pearl mussels can also be found in the MalSe River on
the Czech-Austrian border. The second largest zone of freshwa-
ter pearl mussels in the Czech Republic is located in the western
Saale Basin in the connected system of LuzZni potok, Bystfina and
Rokytnice on the Czech - Germany border.

A specific feature of the Czech mussel populations is the
large number of localities at state borders in transboundary
river basins (Fig. 1, Table 1), such as at MalSe/Maltsch or other
sites on the border of Germany. The Svarcava/Schwarzbach,
Kamenny potok/Bieberbach and Kouba/Chamb streams flow from
the Czech Republic to Bavaria, Germany where there are sig-
nificant mussel populations (Fig. 1). Similarly, Rokytnice/Regnitz,
Pekelsky potok/Hollbach and Ujezdsky potok/Mahringsbach host
populations near state borders and downstream in Bavaria
(Fig. 1).
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Table 2

Summary of the release of fish (Salmo trutta m. fario) infected with glochidia of M. margaritifera at the upper Blanice between 1984 and 1995.

Year 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 Total
Number of host fish 665 600 235 400 320 690 443 430 510 484 423 5809
Average N glochidia per fish (ind. 10%) 1.5 1.5 3.2 3.0 13 3.0 3.5 1.0 1.5 2.0 2.0 2.0 2.125
Proximate total N glochidia (ind. 106) 1.00 0.90 0.75 1.20 0.79 0.96 2.42 0.44 0.65 1.02 0.97 0.85 10.09

In the Sazava Basin, central Czech Republic (i.e., Jankovsky potok
and its tributary Kladinsky potok), mussels are threatened because
of significantly altered habitats (see characteristics in Supplement
A). The last fragment of the population has only two individ-
uals, which were found during a population screening in 2012
(Table 1).

Genetic structure of populations

The genetic analysis of the current population structure showed
three distinct groups, referred to as conservation units (CU), in the
Czech Republic (Fig. 5). CU 1 contains the populations that inhabit
the majority of the Vitava Basin (Blanice, Zlaty potok and Tepla
Vltava) and, surprisingly, the population from the remote locality
of the Sazava Basin (Jankovsky potok). CU 2 includes individuals
from MalSe that belong also to the Vitava Basin and some of the
individuals originating from Tepla Vltava, where both CU 1 and
CU 2 individuals are present (Fig. 2). CU 3 comprises mussels from
the geographically distant localities of the Saale Basin in the west-
ern Czech Republic. This genetic structure was respected during
population reinforcement efforts.

Age structure of Czech populations and efforts for population
rejuvenation

In most of the Czech populations of M. margaritifera, only adult
and elderly individuals are present. Detailed information regarding
age structure is available only for Blanice and Zlaty potok, which
both show a lack of natural recruitment during the last three
decades (Fig. 4). The most recent records of juveniles in the Czech
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Fig. 3. Altitudinal distribution of freshwater pearl mussel localities in the Czech
Republic with respect to stream order, according to Strahler. Historic extinct locali-
ties (open circles) and current localities (full circles) are indicated. The term locality
refers to a site where M. margaritifera is present in a stream or a 10km section
of a stream where localities are continuous at longer distances. The elevation was
determined in the middle of the transect and then categorised into 50 m intervals.

Republic were as follows: upper Blanice, decline from 1965 to 1977;
lower Blanice, last recorded in 1952; upper Zlaty potok, between
1965 and 1975; and KfemeZsky potok, 1971. In western localities,
the last juveniles were recorded in Luzni potok between 1965 and
1975 and in Bystfina between 1970 and 1980. In summary, inter-
ruption of the reproductive cycle began in the third quarter of the
20th century.

Nevertheless, in recent years, we came across evidence of active
(orrecently active) natural reproduction in two localities. We found
juveniles in the lower Blanice (in an artificial locality of a millrace in
2011;15ind.)and in the upper Mal3e (2012; 38 ind.) These localities
were never supported by artificial rejuvenation efforts (see below).

The impaired age structure of the Czech mussel populations led
to measures aimed at improving the proportion of the juveniles
in populations with respect to local genotypes (see above). Juve-
niles and subadults are currently present in several populations
that were reinforced via the release of infested trout and/or the
release of grown juveniles reared through semi-natural breeding
methods in recent decades (Table 1). Trout with attached glochidia
on their gills were stocked in two localities: the upper Blanice and
Tepla Vltava. In the upper Blanice, approximately 6000 fish were
released between 1984 and 1995; in total, the fish carried approx-
imately 10 million glochidia (Table 2). Between 1999 and 2002,
415 trout with an average of 2000 glochidia were released in Tepla
Vltava, carrying in a total of 0.83 million freshwater pearl mussel
glochidia.

Five localities (upper Blanice, upper Zlaty potok, upper Mal3e,
Tepla Vitava and LuzZni potok) were significantly enhanced by the
release of grown juveniles. A total of 53,302 individuals were
released, with a minimum of several hundred mussels in each loca-
tion (Table 1). Two other localities (Jankovsky potok and Bystfina)
received fewer juveniles, with tens of individuals at most (see
Table 1 for detailed information).

After completing the hidden hyporheal life phase, juveniles
emerge at the sediment surface in respective time. However, no
cohort was found after the release of the infested fish in Blanice.
Similarly, we did not see any results in Tepla Vitava yet. In con-
trast, we detected juveniles at the grown juvenile release sites at
all reinforced localities. The most significant proportion of juveniles
was observed in the upper Blanice and upper Zlaty potok, where
younglings composed 10% of the population (Table 1). Because of
the small size of mussels and their partially hidden life cycle, the
estimated abundances are likely underestimated.

Discussion
Historic range of freshwater pearl mussels and possible transfers

The reconstruction of the original range of the mussels in the
Czech Republic was based on a number of well-documented reports
on their occurrence or on pearl fishing. The species was econom-
ically important, particularly in South Bohemia (Dyk, 1992); thus,
the occurrence data presented here is considered valid. Never-
theless, less numerous populations or upstream populations were
likely overlooked. This is evidenced by the fact that most of the
current localities lack historical data.

Some records of M. margaritifera in the central Elbe Basin and
in the Moravian area of the Danube Basin are uncertain (no. 4 and
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Fig.4. Age cohort diagram (using the ligament-sectioning technique) for two Czech freshwater pearl mussel populations. The data were obtained during emergency transfers
of the populations in Zlaty potok in 2002 (Nind ~ 87) and in Blanice in 2000 (Nind ~ 1408). The data originated from the archive of NCA CR (J. Hruska).

7, Fig. 1). However, the streams flowing from the Danube - Elbe
drainage divide to the Danube are inhabited by freshwater pearl
mussels at a number of localities in northern Bavaria, Germany, and
Austria (Geist and Kuehn, 2005; Gumpinger et al., 2002). In addi-
tion, reports of freshwater pearl mussel occurrence in the Morava
Basin may have resulted from confusion with the thick shelled
river mussel (Unio crassus), which is similar in morphology and
still occurs in many river basins (Douda et al., 2012). Additionally,
the Czech scientific name did not distinguish between the genera
Unio and Margaritifera until the 1950s. Further detailed research on
historical data is therefore needed.

A special feature of the occurrence of freshwater pearl mussels
in Central Europe is that they are present despite the major drainage
divide of the Elbe - Danube - Oder (Geist and Kuehn, 2005). One

possible explanation is that the flow path within the watershed
changed in the geological past (Geist and Kuehn, 2005). Neverthe-
less, some populations may have been established as a result of
the deliberate transfer of infected fish or M. margaritifera individ-
uals for subsequent pearl harvesting. In the Czech Republic, such
profit-motivated attempts were documented within the basin of
the Vltava River in the 18th and 19th centuries (Stépan, 1927 in
Dyk and Dykova, 1974). Similar effects in the Middle Ages when
fish-pond culturing and intense pearl fishing were frequent cannot
be ruled out (Dyk, 1947). Therefore, some isolated Czech popula-
tions of M. margaritifera could have come from human activities.
This might explain why mussels from the geographically remote
locality of Jankovsky potok (Fig. 1) are attributed genetically to
the South Bohemian CU 1 Blanice. Further research on the genetic
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Fig. 5. The genetic structure of the Czech freshwater pearl mussel population as determined by microsatellite analysis. The results of the factorial correspondence analysis
are shown, and each genotyped individual is displayed as a point in a two-dimensional space, which is defined by two factorial axes that represent factors explaining the
majority of the variability in the given dataset. The individuals analysed form three clusters, referred to as conservation units (CU). CUs are labelled as follows: No. 1 refers

to Blanice CU, No. 2 is MalSe CU, and No. 3 is Saale CU. The numbers correspond to Fig. 1.
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structure could determine whether the Jankovsky potok population
was established through a few founders and could provide evidence
of the founder effect documented in Waldaist, Austria, and other
localities in Germany and Luxemburg (Geist and Kuehn, 2005).
Alternatively, the population may have descended from a more
abundant and widespread metapopulation in the past. A similar
history was suggested for a number of currently small populations
in the Danube Basin whose genetic markers indicated their natural
origin (Geist and Kuehn, 2005). However, it may never be possible
to reveal the true origin of freshwater pearl mussels in this locality
due to their rapid population decline (Table 1).

Current range and fragmentation

Current populations of freshwater pearl mussels in the Czech
Republic are located at high altitudes near the upper limit of the
historical range and in minor upper streams (Figs. 2 and 3). Certain
populations were likely maintained due to pronounced changes in
the settlement after 1945 that significantly reduced human pres-
sure on the ecosystem: a military training area is upstream of
Blanice; MalSe, LuZni potok and Bystfina are in the former Iron Cur-
tain border zone. Elimination of human settlements allowed mussel
populations to survive until conservation efforts were initiated in
the 1980s (Hruska, 1985), while other once abundant populations
in lowlands, such as lower Vitava and Otava (Fig. 2), completely
died out in the first half of the 20th century.

The current range is also significantly fragmented. Rivers were
transformed by damming (Fig. 2) and weirs that both block natu-
ral fish migrations (Musil et al., 2012). For example, salmon was a
possible host for glochidia and was previously abundant in all local-
ities with freshwater pearl mussels, except at Blanice (Fric, 1894).
However, the first dam built on the lower Elbe in 1939 eliminated
salmon occurrence in the Czech Republic. In addition to physical
barriers in the streams, fragmentation of the habitat may arise from
industrial and agricultural pollution (Dyk, 1992; Hruska, 1999).
Poor conditions reduced the survival of trout and mussels and led
to the separation of upstream and downstream localities.

Vltava populations (Blanice, Tepla Vitava, and Otava) were likely
connected to other populations within the drainage divide of the
North Sea (i.e., metapopulation occurrence). This hypothesis was
supported by a microsatellite analysis when the relatively distant
populations were clustered into one CU (Fig. 5). However, this sys-
tem is no longer connected (Fig. 2). Western localities, including
LuZni potok and Bystfina in the Saale Basin, which form one CU,
are still interconnected. The MalSe CU, which is relatively close to
the Blanice CU but is distinct, is analogical to other localities found
in Europe (Geist and Kuehn, 2005; Geist et al., 2010) where genet-
ically unique populations are still present despite the connectivity
of river systems and short distances.

Lack of natural reproduction

Long-term failure in completing the reproductive cycle is proba-
bly connected to poor habitat quality due to anthropogenic changes
or the range limits of the species. For example, high altitudes
(Figs. 2 and 3) with lower temperatures may prevent completion of
the parasitic glochidial phase of the life cycle (Hruska, 1992). Two
documented populations with scarce natural production of juve-
niles (lower Blanice and MalSe) thrive in altered habitats. Despite
a small proportion of younglings present, the populations never
increased in abundance or experienced improved age structures
(Absolon and Hruska, 1999).

Nearly all current localities where M. margaritifera occur are in
protected areas (Table 1) that are intended to restrict the intensity
of building, farming, timber industry and sewage water manage-
ment (NCA CR, 2013). However, significant improvements in river

health and declines in pollution in the last decade have not yet
resulted in the restoration of the mussels’ natural reproduction in
the Czech Republic. At all localities, some parameters of the habi-
tat are unsuitable for M. margaritifera, as defined by the action
plan (Supplement A); therefore, passive protection of areas with-
out active restoration of complex habitat features does not result
in the desired improvement of the habitat quality (Maiorano et al.,
2008; Geist, 2011; Laurance et al., 2012) that would subsequently
lead to successful reproduction and juvenile survival.

Effectiveness of breeding efforts

The release of infected trout and grown juveniles is among the
most frequently used techniques to enhance natural populations
of freshwater pearl mussels (Gum et al., 2011). In this context, it
is important to be aware of the quality of the environment at the
release sites for survival of the youngest individuals. Experience
and bioindicator tests from the Czech Republic showed that envi-
ronmental quality meets the requirements of first stage juveniles at
one location only (NCA CR, 2013). Thus there is no evidence of juve-
nile emergence from sediment at Blanice after 10 million glochidia
(on trout) were released between 1984 and 1995, even though
their proper development on gills was monitored by fish recapture
(Hruska, 2000). Subsequent bioindicator tests at this site identified
insufficient trophic conditions for the earliest and most sensitive
life stages after metamorphosis and the beginning of hyporheal life
(Hrus$ka, 1999). Since then, infected trout have not been released at
Blanice because the method is assumed to be inefficient. In contrast,
at Tepla Vltava, where infested fish were released between 1999
and 2003, there are suitable conditions for the survival and growth
of the youngest individuals, as suggested by bioindicator tests. Nev-
ertheless, direct evidence of recruitment, such as the occurrence
of juveniles and subadults (Matasova et al., 2013), is still missing.
To evaluate the true effect of this measure, we must wait for the
completion of the hyporheal life phase, which can take up to 20
years.

The release of juveniles (ages 3 - 5) showed more promising
results. The population at Blanice was greatly enhanced as a result
of the release of nearly 53,000 juveniles over 11 years into specially
built side-arms in managed meadows adjacent to streams, which
provided optimal habitat conditions for juveniles (Hruska, 1999).
Similarly, in Zlaty potok, the proportion of subadults in the pop-
ulation has increased 10%, but the population rejuvenation is not
yet sufficient to ensure the future persistence of freshwater pearl
mussels. Therefore, the sole release of tens of thousands of grown
juveniles that undergo natural mortality may not be adequate mea-
sure to keep freshwater pearl mussel in a particular streams and
rivers. This highlights the urgent need for active habitat improve-
ment that will allow natural reproduction in the near future; this
improvement is included in the Czech action plan for freshwater
pearl mussels.

Conclusions

All Czech populations of M. margaritifera are highly skewed
towards old individuals and fragmented altered habitats. Conserva-
tion efforts for preserving this species in the Czech Republic began
approximately 30 years ago. The critical factors were identified
as the poor habitat quality, which is manifested in the failure of
the complete reproductive cycle, and juvenile survival. Long-term
breeding activities involving either the release of infected trout
or grown juveniles have resulted in partial rejuvenation of sev-
eral populations. Nevertheless, the proportion of young mussels
is still below the levels of intact, self-recruiting populations. Based
on these results, the Czech action plan has not yet been successful,
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and further significant improvements in environmental conditions
are the key to the future survival and natural recruitment of the
freshwater pearl mussel in the Czech Republic.
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Abstract

This article summarises data on the presence of the freshwater pearl mussel (Margaritifera margaritifera)
in the upper part of the Vltava River basin in the Bohemian Forest (Sumava in Czech) and the Novohradské
Hory mountains. The data gathering was based on standard Czech methods. Apart from the well-documen-
ted situation in the protected National Nature Monuments Blanice and Zlaty Potok, the presence of this
species was recently demonstrated based on observations of live individuals in the Tepla Vltava stream in
the Sumava National Park and at the Horni MalSe Site of Community Importance. In both localities, adult
mussels occur in a scattered distribution or in small colonies. Moreover, the presence of young living indi-
viduals or their shells was confirmed. Additional isolated findings come from the Blanice River under the
Husinec reservoir, and we found older shells in the Otava River in the millrace at Malé Hyd¢ice. All of the
recently documented findings were recorded in localities where the presence of the freshwater pearl mussel
was confirmed in the 20" century. It follows that the populations of the upper and middle parts of the Vlta-
va River basin have survived at several sites, but at highly reduced densities.

Keywords: bivalves, Bohemian Forest, Sumava Mts., Novohradské Hory Mts.

INTRODUCTION

The freshwater pearl mussel (Margaritifera margaritifera Linnaeus, 1758) is a highly endan-
gered species, not only in the southern part of Bohemia but throughout its whole distribution
area (BAUER & WacHTLER 2001, GEist 2010). The main factors affecting the situation of the
pearl mussel in southern Bohemia are water pollution (BiLy & Sivon 2007, Doupa 2010),
long term changes in land use and temperature decreases in the upper parts of streams
(HruskA 1992), problems with the supply of detrital particles (ABsoLoN & HRruska 1999,
TicHaA et al. 2012) and changes in populations of its fish hosts (Dusexk et al. 2010).

Most of the localities, where the mussels are found are protected by existing or planned
management schemes for small specially protected areas or core zones in the Sumava Nati-
onal Park. In general, the protection of this species is based on an Action plan approved by
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the Ministry of the Environment of the Czech Republic and pursued by the Nature Conser-
vation Agency of the Czech Republic (ABsoLoN & Hruska 1999, Svanvyaa et al. 2013).

Although the historical distribution of the freshwater pearl mussel in the Vltava River,
Otava River, and MalSe River and their tributaries is documented (SHUBERT 1933, NowAk
1936, Dyk & Dykova 1974, Hruska 1991, 1992), comprehensive data on the recent distribu-
tion of this species in the upper Vltava River basin is not available.

The aim of this report was to summarise recent (2003—2012) published and unpublished
data for the freshwater pearl mussel distribution in southern Bohemia.

MATERIAL AND METHODS

Data about distribution of this species were collected according the recommendations in
Action plan for endangered freshwater pearl mussel in Czech Republic (Svanvca et al.
2013).

Live freshwater pearl mussels could not be removed and measured because of the Czech
rules regarding the monitoring of protected animals. The character of the collected speci-
mens is described as live adult, live subadult, shell, old shell, or shell fragments. The exis-
tence of clearly defined cohorts of old populations permits to distinguish the presence of
subadults (Fig. 1). The character (with abbreviation in parentheses) is defined as follows:

Live adult (L) — specimen positioned in the river bed, visible part (open siphos) wider than
3 cm (Fig. 2).

y |

Fig. 1. The shell of the first subadult of Margaritifera margaritifera found in the MalSe River; its total length
is 38 mm, the bar (ca. 6 mm) indicates the last completed growth period (photo by J. Hruska).
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Live subadult (Ls) — specimen positioned in the river bed, visible part (open siphons)
smaller than 3 cm (Fig. 2, live specimens were observed by magnifying aquascope or the
photo was taken).

Shell (S) — specimen without any soft tissue, shell not substantially corroded or only in the
part of ligament, nacre layer maintained in the whole of surface.

Old shell (OS) — shell markedly corroded in the whole of surface or particularly destroyed,
more than half part of one shell.

Shell fragments (SF) — less than half part of one shell.

The juvenile phase in the shells is defined by the length of yearly shell growth wider than
4 mm (Fig. 1). The length of yearly shell growth of adults is less than 1 mm in the Czech
Republic. The length of the last completed period is noted because of the risk of mortality
during growth in the last period. The shells were measured lengthwise (anterior-posterior)
to the nearest 0.1 mm with vernier callipers.

Published data are listed in the Results in the following order: code of the faunistic map-
ping grid of the Czech Republic (PRUNER & Mika 1996), locality GPS (WGS84) coordinates
marking borders of the observed parts of stream, character of the specimens, and source;
whereas unpublished data are listed as follows: code of the faunistic mapping grid, locality,

kL SR = T W TN, e N s ;

=22 mm, B =47 mm (photo by O.P. Simon).
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GPS coordinates marking borders of the observed parts of stream, number of individuals,
character of the specimens, length of the shell (in parenthesis), year of collection, and col-
lector.

REsuLTS

All known published and unpublished recent data (2003—2012) on the freshwater pearl mus-
sel distribution are listed below. The data are divided into the results of detailed monitoring
performed in the Blanice River, Zlaty Potok stream, Tepla Vltava stream, and the Malse
River, and coincidental findings from the middle part of the Blanice River, lower Zlaty Potok
stream, millraces in the middle Malse River, and the Otava River. Data are presented in the
same form as other faunistic data about distribution in this contribution. For clarity data are
also presented in grid map of the Czech Republic, focused on area of South Bohemia (Fig.
3).

Published data

6850:

Blanice River at Blani¢ka (49°5'55.516”N, 14°4'21.644"E—49°6'4.137"N, 14°4'46.735"E), 1 L
(PELTANOVA & SvaNyGa 2013).

7049:

Blanice River between ruins of tower house Hus and Spalenec (48°57'24.289"N,
13°55'45.326"E—48°54'0.822"N, 13°58'55.945"E), 23 332 L (HruskaA 2003) and 10 154 L+Ls
(Spisar 2010).

7050:

Zlaty Potok stream millrace at Frantoly (48°59'35.024"N, 14°4'57.329"E—48°59'24.858"N,
14°4'53.579"E ), 307 L, (Hruska 2005).

Zlaty Potok stream between Frantoly and Miletinky (48°59'24.858"N, 14°4'53.579"E—
48°55'34.074"N, 14°5'4.817"E), 338 L (HruskaA 2005).

Zlaty Potok stream between Miletinky and Skiinétov (48°55'34.074"N, 14°5'4.817"E—
48°56'41.696"N, 14°0'53.426"E), 231 L (Hruska 2005).

7149:

Tepla Vlitava stream (48°54'13.088"N, 13°49'32.915"E—48°48'23.910"N, 13°56'49.406"E), 35
L, 20 S (Boum 2008).

7353:

Malse River at Dolni Ptibrani (48°37'28.388"N, 14°36'53.360""E—48°37'30.787"N,
14°35'57.062"E), 11 Ls, 2 L (DorT & HruUskA 2009).

Malse River between Leopoldschlag and the confluence with the Felberbach stream
(48°36'12.045"N, 14°33'40.954"E—48°36'59.919"N, 14°30'14.998"E), 14 OS (DorT & HRUSKA
2009).

Unpublished data

6647:

Otava River millrace at Malé Hydcice (49°17'56.470"N, 13°39'27.562"E—49°18'5.219"N,
13°39'44.756"E), 3 S (116, 103, 120 mm), OS, 2012, Bily.

6850:

Blanice River millrace at Blanicka (49°5'56.730''N, 14°4'19.550"E—49°6'13.071"N,
14°4'30.096"E), unknown number of OS, 2011, Douda.

Zlaty Potok stream up to the inflow to the Blanice River at Cichtice (49°6'3.891"N,
14°4'48.416"E—49°5'50.076"N, 14°4'46.008"E), 1 S (105 mm), 2012, Simon & Douda.
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Fig. 3. Grid map of the distribution of Margaritifera margaritifera in the Czech Republic — a detailed insert
shows localities in south Bohemia, where freshwater pearl mussel has been found recently (2003-2012):
black thick line indicates its occurrence along a stream stretch, solid circles show localities of its limited

distribution, and an open circle (0) only shells found in the Otava River at Malé Hyd¢ice.
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6949:

Blanice River millrace at Husinec (49°2'42.662'"'N, 13°59'1.859"E—49°3'6.991"'N,
13°59'13.779"E), 5 L, 4 S (78, 102, 63, 52 mm), OS, 2010, Douda.

7049:

Blanice River between Zbytiny and Spalenec (48°55'41.283"'N, 13°58'5.148"E—
48°56'24.227"N, 13°57'14.905"E), 2 S (97, 96 mm), 2008, Ticha; 1 S (100 mm), 2011, Si-
mon.

Blanice River between Zbytiny and Blazejovice (48°57'2.813"'N, 13°56'30.434"E—
48°57'12.270"N, 13°56"2.303"E), 3 S (84, 89, 83 mm), 2012, Simon.

7050:

Zlaty Potok stream at Planska, Tisovka (48°56'35.821"N, 14°4'43.039"E—48°55'51.185"N,
14°5'6.274"E), 10 L, 2012, Simon.

7149:

Tepla Vltava stream at Dobra (48°54'11.207"N, 13°49'26.278"E—48°52'56.514"'N,
13°51'53.772"E), 4 Ls, 2009, Dort; 45 L, 14 Ls, 2011, Dort; 8 L, 8 Ls, 2 OS, 2012, Dort.
Tepla Vltava stream close to Chlum (48°52'56.514"N, 13°51'53.772"E—48°51'10.973"N,
13°53'57.868"E), 17 L, 2009, Dort; 267 L, 6 S (101, 112, 94, 101, 98, 107 mm), 2 OS, 2011,
Dort.

Tepla Vltava stream close to Volary (48°51'32.522"N, 13°53'35.406"E—48°52'54.824"N,
13°52'6.381"E), 14 S (100, 99, 104, 96, 68, 90, 96, 88, 101, 103, 91, 95, 102 mm), 2012, Simon;
1 S (97 mm), OS, 2011, Simon; OS, 2012, Douda.

7252:

Malse River millrace at JeSkov (48°42'26.011''N, 14°28'52.916""E—48°42'32.035"N,
14°29'7.339"E), 2 S (66, 65 mm), 2 OS, 2007, Bily; 2 L, 1 S (64 mm), 1 OS, 2012, Simon.
7352:

Malse River at Hiltshen Leopoldschlag (48°37'59.828"N, 14°29'29.067"E—48°37'34.768"N,
14°29'45.344"E), SF, 2012, Simon.

MalSe River between Leopoldschlag and Dolni Dvoristé (48°37'3.008"N, 14°30'10.278"E—
48°39'23.940"N, 14°27'15.648"E), 2 S, (93, 91 mm), 4 OS, 2011, Dort; 81 L, 14 Ls, 2011,
Dort; 286 L, 38 Ls, 2012 Dort; 1 L 2007, Bily & Rebec; 7 L, 2012, Simon & Douda; 1 S (75
mm), 1 OS, 2012, Simon & Douda.

Malse River millrace at Nazidla (48°41'17.806'"'N, 14°27'42.201"E—48°41'27.435"N,
14°27'51.491"E ), 1 S (73 mm), 2012, Simon.

MalSe River millrace at Stiegersdorf (48°38'30.014"'N, 14°28'31.684"E—48°38'37.492"N,
14°28'23.983"E), 1 S (37 mm), 2012, Dort.

7353:

Malse River at Dolni P¥ibrani (48°37'33.674"N, 14°36'7.592"E—48°37'40.867''N,
14°36"27.664"E), 1 OS, 2012, Douda; 10 L, 2012, Dort.

Malse stream at Mairspindt (48°36'13.093"N, 14°33'44.070"E—48°36'34.938''N,
14°34'5.371"E), 1 S (92 mm), 2012, Douda.

Comments to selected localities
Tepla Vltava stream

Only data on the presence of the freshwater pearl mussel in the Tepld Vlitava stream before
the floods in 2002 are documented in BErAN (1994). The sporadic presence of the mussel
from the inflow of the Jedlovy Potok stream to the inflow of the Korunac stream was confir-
med by Bonm (2008) during monitoring performed of the Tepla Vlitava stream (between
Dobra na Sumavé and Nova Pec).
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Later, detailed monitoring of the stream was performed under the direction of the Natio-
nal Park Authorities between 2009 and 2012. This monitoring was focused on live adult and
subadult individuals (Dort 2009, 2010). In total, 288 live animals and 27 shells were found
in the map grid no. 7149.

The occurrence of M. margaritifera in localities in the Tepla Vltava stream was highly
scattered. The size of some live individuals corresponded to the expected size of juveniles.
One of the juvenile shells collected showed that this individual was still growing intensively
(approximately 8 mm in last completed growth period, total length 68 mm). Detailed moni-
toring of the whole length of the Tepla Vltava stream is necessary.

Malse River

Older data on the presence of numerous populations of adult freshwater pearl mussels close
to the Czech—Austrian border have been documented (ABsoLoN & Hruska 1999). Subse-
quently, 36 adult individuals were found in a disturbed millrace near the Velisek’s mill in
Jeskov (Dort & Hruska 2009). Additional data on the presence of the species in the Malse
River before the floods that occurred in 2002 are summarised in SiMEx et al. (2013).

Later, 2009-2012, detailed monitoring was performed on the request of both Nature Con-
servation Agency of the Czech Republic and Technisches Biiro fiir Gewdsserdkologie by
Dort (2012). A total of 444 live individuals and 34 shells were found in faunistic mapping
grids 7352, 7252, and 7353.

The occurrence of the freshwater pearl mussel is scattered in the MalSe River. Data sug-
gest that the population in the Stiegersdorf millrace also includes live subadults. One sub-
adult shell collected (Fig. 1) showed that this individual still grew intensively (approxi-
mately 6 mm in the last completed growth period, total length 38 mm).

The area below the town of Rychnov nad Malsi has not yet been monitored in detail. How-
ever, downstream, in the Nazidla and JeSkov mill races, both shells and live adult individuals
were found (shells at Nazidla, two adults at JeSkov). Shells found in the millrace in JeSkov
showed characteristics of stunted growth, but according to last finished growth line they
were adults. Detailed monitoring of the remainder of the MalSe River is necessary to deter-
mine the status of this population.

Blanice River and Zlaty Potok stream

The occurrence of the freshwater pearl mussel in the Blanice River and Zlaty Potok stream
are well documented within National Nature Monuments Blanice and Zlaty Potok (Hruska
2003, 2005, Spisar 2010) and the abundance of freshwater pearl mussels there are definitely
higher than in other localities. This part of catchment area could be feasible for next sprea-
ding of population (Svanyaa et al. 2013). Issues of limiting factors for spread and distributi-
on of freshwater pearl mussel are described in BiLy & Simon (2007).

The presence of specimens in the part of the Blanice River between the Husinec reservoir
and Blanic¢ka (Husinec millrace, Blanice River close to Blanicka, and Zlaty Potok stream
close to Cichtice; out of NNM Blanice) demonstrated the survival of the species under some
level of eutrophication. In the past, there were numerous populations at these localities (Dyk
& Dykova 1974).

Otava River

Data on old shells in the Otava River in the Malé Hydc¢ice millrace pointed to an earlier
occurrence of the species (Dyk & Dykova 1974). This locality is currently totally unsuitable
for the survival of the freshwater pearl mussel, and its shells most likely decompose slowly
at this site due to high conductivity levels (Hruska 1991).
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DiscussioN

The presence of the freshwater pearl mussel was confirmed in nine faunistic mapping grids
in the Vltava River basin up to the Lipno reservoir, in the Blanice River up to Cichtice, and
in the MalSe River up to Skoronice. Isolated individuals were also found in middle stretches
of the Blanice River and Malse River. The presence of M. margaritifera is widespread, but
its populations are less numerous than in the past (Dyk & Dykova 1974, Nowak 1936). Due
to the nature of the data (being collected by different persons in different years), some un-
certainty in terms of the population assessments remains. In total 60 shells were found and
their lengths varied between 37 and 120 mm. Live mussels could not be removed, so that
data about size range of whole populations are not yet available.

A considerable portion of the findings were recorded in millraces. Millraces may provide
suitable hydraulic conditions for the survival of adult mussels. However, mussels in mill-
races are considered to originate from drift from main streams (Hruska 1991). In millraces
in the middle parts of both the Blanice and MalSe rivers, smaller shells were found that
showed signs of stunted growth (Blanice River 52—119 mm, MalSe River 64—73 mm). All
these specimens were adults.

Monitoring in the MalSe River and Tepla Vltava stream confirmed the recent occurrence
of live, rapidly growing subadults. In the both localities, juveniles from breeding programs
were released within the framework of the Action plan for M. margaritifera (SVANYGA et al.
2013). The existence of natural reproduction should be confirmed via detailed long-term
monitoring.

The action plan for the Czech Republic puts emphasis on several localities in upper
stretches of the streams (ABsoLoN & Hruska 1999) and positive results of protection of fresh-
water pearl mussel are significant. Recent findings also demonstrate the importance of pop-
ulations in the middle parts of stream, which are characterised by the presence of different
stunted forms, adapted to these habitats. However, it is not clear if these forms are geneti-
cally fixed or if they only represent individual local adaptation to unsuitable conditions
(water pollution, eutrophication, long-term land use changes in all catchment).

The abundance of the populations of freshwater pearl mussels was observed to have de-
creased in all of the monitored localities, and implementation of specific measures from the
endangered species action plan for M. margaritifera is necessary (SVaNYGa et al. 2013).
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Abstract:

Despite the large number of studies devoted to organic matter dynamics in fluvial ecosystems,
the detrital pathways of spring headwater systems remain neglected. In particular, spring
wetlands (helocrenes) might have considerable influence on downstream headwater stream
systems due to the alteration of the nutrient and organic matter content of the water. In this
study, we examined fine particulate organic matter (FPOM) drained from helocrene springs to
describe its downstream transport. We studied the quantity, nutrient content and physical
components of FPOM gathered from the outflowing water using continuous sediment
samplers. The nutrient content of local leaf litter deposits, residence time of water in the
springs and concentration of dissolved nutrients in spring sources and outflows were also
measured to characterize the inputs and outputs of the studied system. The results show that
headwater spring wetlands represent a significant source of high-quality FPOM for
downstream river networks. The estimated concentration of FPOM (<1000 pum) in the 11
investigated springs was 3.1 £ 2.5 mg.L"!. In general, the FPOM was relatively nutrient-rich
(N=19.25+4.73 mgL!; P=2.04+0.78 mg.L'; Ca=9.65+2.63 mgL"';S=4.07=+1.16
mg.L!; C = 278.68 + 80.81 mg.L"). The C:N and C:P ratios in the local leaf litter deposits
were higher than in FPOM (41.04 + 14.32 vs. 14.70 + 2.46 and 591.7 £ 168.83 vs. 154,77 +
64,73, respectively), indicating that suspended detritus is more nutritious for consumers. In
terms of size fractions of FPOM was identified a significant trend: with decreasing C:N and
C:P ratios decreases the particle size as well. Overall, the data suggest that the relatively small
helocrenes serve as a “detrital reactor", receiving primary particles and dissolved organic
matter, transforming them and transporting them downstream. These biotopes may represent a
substantial discontinuity of the river continuum at its origin, important for the food supply of

associated biotic communities.



Keywords: organic matter, nutrients, springs, river continuum, helocrene, detritus, freshwater

ecosystem
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Introduction:

The physical variables within a river system from the headwaters to the mouth are changing
along a continuous gradient. This gradient results in a continuum of biotic variables and
organic matter quality, quantity, utilization and transport along the length of a river (Vannote
et al. 1980). Lotic systems are open and have a high capacity to retain nutrients from the
watershed (Newbold 1992). Considerable work has been done to investigate organic matter
transport and nutrient cycling and processing in stream systems (e.g., Wallace et al. 1991,
Newbold 1992, Cushing et al 1993) and research into organic matter cycling continues due to
its theoretical and applied importance (Thomas et al. 2001, Newbold 2005, Webster 2007,
Hoover et al. 2010). While the continual downstream transport (i.e. cycling and spiraling) of
nutrients influences the abundance and distribution of stream biota, the biota can, in turn,
affect organic matter processing and nutrient concentrations in the water (Newbold 1992).

One of the fundamental attributes of the continuous gradient of a stream ecosystem are
detrital pathways that determine the availability of organic matter as a food source for
particular functional feeding groups (Kominoski & Rosemond 2012). In general, mean
detrital particle size decreases with increasing stream size (Vannote et al. 1980), although the
supply of organic particles can be replenished from the riparian zone in downstream reaches
(Stanford and Ward 1993) and the processes that transform suspended matter may increase
the size of the particles by aggregation (Wotton 2007). Headwater streams, especially those in
forested landscapes, are considered heterotrophic and depending primarily on coarse
particulated organic matter entering the stream from adjacent terrestrial communities
(Anderson and Sedell 1979). Nevertheless, several studies suggest that organic matter fluxes
in stream ecosystems may be more complex than previously supposed (Cross et al. 2007,
Webster 2007). For example, fine particulate matter (FPOM) export may be dramatically

affected by nutrient levels even in headwater streams (Benstead at al. 2009). Additionally,
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extreme discharges and invertebrate removal can substantially increase the outflow of FPOM
(Wallace et al. 1991).

Despite an increasing focus on organic matter fluxes in stream ecosystems, detrital pathways
in spring areas remain relatively neglected. River Continuum Concept operates with the idea
of spring ecosystems with rapidly-emerging nutrient-poor water, which is associated with a
limited biodiversity composed of species that can function on a restricted nutritional base
(Vannote et al. 1980). Such rheocrene-like springs (small streams of running water emerging
directly at the point of the source) are, however, not very common in many areas. Instead,
helocrene-like springs (water seeping through a soil layer in a spring wetland) are often
widespread in moderately steep and non-forest landscapes (Zollhofer et al 2000, Audorff et al.
2011). Helocrenes (spring wetlands) are, despite their abundance, often neglected in research
because of their semiaquatic character and the difficulty of identification during the summer
(Kubikovéa et al 2012). This type of spring ecosystem often has considerable primary
production of macrophytes and algae due to its semiaquatic character (Ilmonen & Paasivirta
2005). Temperature fluctuations are limited and helocrenes do not freeze in the winter. During
the summer, their temperature increases only in open-water areas (Ticha et al 2012). In view
of the spatial extent and specific conditions of helocrenes, this type of spring area may have
considerable effects on the downstream headwater systems. Nevertheless, the effect of
helocrene spring areas on the nutrient cycles and the processing and transport of detrital
particles has not been sufficiently investigated to date.

Organic matter in springs is generally plant detritus of various origins, size fractions, and
levels of decomposition (Ticha et al. 2012). Springs in forested watersheds are dominated by
coarse particulate organic matter (CPOM) from leaf litter. In contrast, the leaf litter source in
open-canopy areas is compensated by instream primary production (Cushing 1997, Meyer et

al. 2007). The subsurface input of FPOM can also be appreciable (Iversen et al. 1982). In
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addition to the particle size, which determines the possible intake by consumers, their
nutritional value is also critical. Wood, leaf litter, and green leaves, like other terrestrial input,
usually have substantially higher C: nutrient ratios than periphyton and FPOM (Sterner &
Elser 2002). Additionally, the C: nutrient ratios of organic matter are strongly influenced by
the microbial colonization of the particles (Cross et al. 2005). Generally, organic matter
decomposition in benthic systems is accompanied by significant changes in the elemental
composition of organic matter (Cross et al. 2005). For filter-feeders, most of the energy
income from this food source originates from the bacterial film of the detrital particle. Only a
small fraction of the total energy income is from the particle itself, which is digestible only
with difficulty (Mann 1988). This component is excreted and reused several times until it is
completely decomposed (Mann 1988).

As a whole, these resources of FPOM are considered to provide food that supports many
functional groups of organisms in spring areas (Gerecke et al. 2011, Kubikova et al. 2012)
and most likely also supplies a substantial amount of organic matter to downstream
ecosystems (Meyer at al. 2007). Research on the possible role of spring-derived detritus from
headwater streams downstream may thus help in understanding whole-system of organic
matter dynamics, a critical topic for the conservation of freshwater ecosystems (Kominoski &
Rosemond 2012).

In this study, we address this question by examining helocrene-like Central European springs.
It is known that certain helocrene springs may be a source FPOM (Iversen 1982) or even that
the concentration of FPOM in the spring source is higher than the concentration downstream
(Barquin & Death 2011). We were particularly focused on nutritional value of this spring
FPOM.

The aim of this study was to assess the role of helocrene springs in terms of organic matter

flows within a river network. Specifically, we characterize the quality of FPOM (in three size
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fractions) exported from helocrene springs, specifically nutrient content, their concentration in
the outflowing water and the microscopic physical components. The nutritional value of the
constituent size fractions of detritus was evaluated based on the C: nutrient ratios together
with simultaneously measured values of the dissolved nutrients, water retention times, and

nutrient content in the leaf litter of the surrounding vegetation.

Methods

Study sites

In 2009-2010, we examined 11 coldwater springs in the watershed of the Blanice River in the
Sumava foothills, Czech Republic (Central Europe). The altitude of the area ranges from 790
to 1020 m above sea level; for a detailed description of the region, see Kubikova et al. (2011).
The investigated springs have small temperature fluctuations (the differences between the
winter and summer temperatures were 0.5 to 5.6°C) and a neutral or slightly acidic pH (5.85 +
0.16; mean £ SD). Most of the springs were situated in an open-canopy landscape, and the
dominant trees in the surroundings were spruce, birch and willow. The springs were chosen
from a set of undisturbed, permanent, and non-freezing springs listed in the extensive
database of springs maintained by the Agency for Nature Conservation and Landscape
Protection of the Czech Republic. Because we aimed to include both nutrient-rich and
nutrient-poor springs in our study, we selected the study sites by stratified random sampling
on the basis of the nitrogen concentration in the outflowing water recorded by pilot sampling
in 2007. The initial set of 92 springs with available information on NO3™ concentration was
scaled by the NOs™ concentration gradient (N-rich springs: NOs™> 5 mg.I"'; N-poor springs:
NOs'< 3 mg.l!), and the studied set of springs was randomly selected from both the nitrate-
rich (n=6) and nitrate-poor (n=5) sites. The springs were mostly in pastures, meadows or on

the forest margin and rarely in the open-canopy forest. All springs were of the helocrene type
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except two, which showed a transitional rheo-helocrene character (running water directly
from the point of the source, in combination with a spring wetland). The slope of the sites was

moderate to strong (9-30%).

FPOM quality and quantity

We sampled the suspended FPOM draining from the 11 springs in four seasons: the spring
sampling was performed in June after the growth of vegetation, summer sampling was
conducted in August during the peak of vegetation growth, the autumn sampling in November
after the decline of the vegetation and the leaf fall and winter sampling in February during a
period of snow cover.

We used a modification of the approach of Cuffney and Wallace (1988) adapted to our
low-slope spring areas to capture FPOM with flow-through settlement vessels (Fig. 1). The
apparatus consists of a suction basket (polyethylene-PE-coated wire mesh — 10 mm loop size;
inside the PE mesh — 1 mm loop size; Fig. 1-1), a flexible intake pipe (inside diameter 4 mm,
polyvinyl chloride-PVC; Fig. 1-2), a settling vessel (volume 5 L, polyethylene terephthalate-
PET; Fig. 1-3), equipped with an intake basket with openings limiting short-circuiting) and a
discharge pipe (4 mm) with a PE mesh of 1 mm loop size in four layers, ending with a free
tube (Fig. 1-4). The sampling apparatus is suited for small sloping water flows; it is based on
connected vessels (gravity fed) and does not use external energy source. The detritus
transported by the spring water was concentrated in the settling vessel during the exposure
period. The size of the retained particles was restricted by a screen of 1-mm mesh mounted on
the suction basket. We exposed these continuous sediment samplers in each spring area at the
point where the outflow trickle below the helocrene wetland was formed (6 - 43 meters from
the spring’s source point). The samplers were exposed for a period of 1 week during each

season. We used the 1 week exposure period and two parallel samplers at each site because
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our pilot experiments showed that a long exposure increase the risk of clogging of the intake
pipe with debris (clogged samplers were excluded from the analysis). If both devices
functioned properly during the whole exposure period, we processed both samples and used
the higher values for statistical analyses (measured as the total dry mass retained in each
sampler). At the beginning and the end of the sampling period, the average flow through the
sampler was measured with a graduated cylinder and stopwatch. The samples were kept at 5-
7°C under dark conditions and processed within 1 week after the collection period.

In the laboratory, the detritus was pressureless sieved into three size fractions (1000-250 pm,
250-63 pum and smaller than 63 um). Only the fine fraction was vacuum filtered. The fractions
were dried at 105°C, and weighed. The samples were analyzed, for C, N, P, S and Ca
according to standard methods: determination of TOC in the solid matrix, Ca and P ICP-OES
in the acidic leachate and N and S in a Variomax CNS analyzer (ISO 11885:2007, ISO
10694:1995).

A microscopic analysis of the constituent size fractions was also done on samples collected in
June 2010. The percentage of physical components (plant residues, fecal pellets and
amorphous matter) was determined microscopically at 20 x — 100 x magnification according

to Ticha et al. (2012).

Water discharge and FPOM concentration

A small spillway was installed under each spring outflow. The discharge was measured by
trapping the water in a plastic bag for a defined time unit (Zollhofer et al. 2000). The
discharge was measured twice during each period, namely, at the times of installation and
removal of the continuous sampler. For further calculations, the average values were used to
represent the sampling period because the fluctuations were small. The concentration and

output of suspended detritus were estimated according to the following formulas:
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detrital concentration [g.L!] = sum of dry mass of all three fractions of detritus [g] / (average
flow through the sampler [L.hr'!] * exposure [hr])

output [g.day’'] = concentration [g.L!] * discharge of the spring [L.day].

Retention time

The retention time of the studied helocrenes was measured by pouring a 1% solution of NaCl
(51, conductivity 1700 pS.cm™) into the spring source. The solution was poured slowly into
the springs (approx. 1 min.) due to their low discharges. Simultaneously, the conductivity in
the outflow was measured in a continuous manner. The peak value of the conductivity was
used as a measure of the retention time (Leibundgut et al. 2009). The values were measured
during the spring (April, before the growth of the vegetation) and summer (August, when the

vegetation cover was well developed).

Leaf litter quality

The leaf litter from the spring surface was sampled in November 2009. Two squares, each
with an area of 1 m?, were marked on each spring surface, and all the leaf litter was removed.
In the laboratory the samples were air-dried, separated to genera, and separately weighed as
the total dry mass of each tree species. Then they were merged into the original samples. One-
tenth of every sample dry mass was then pulverized and chemically analyzed using

techniques identical to those used with the detritus samples.

Water chemical analysis

Samples of water from the source and outflow of the springs were taken simultaneously
before the installation of the samplers. NO3, ortho-PO4 and Ca were determined according to

standard methods (ISO 11885:2007) in the laboratory.

10



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Statistical analyses

Paired t-tests were used to test the differences in water quality between the source and
outflow sites of the studied set of springs (data from all sampling occasions were pooled). The
nutrient content of each size fraction of FPOM (dependent variables) was analyzed with a
general linear model (GLM) with season and site (explanatory variables). If necessary, the
data were log-transformed to meet normality assumptions. All statistical analyses were

performed with R 2.11.0 software (R Development Core Team 2008).

Results

Detritus quality and quantity

FPOM samplers captured, on average, 2610 mg of dry mass (min = 68, max = 12,864). In 88
I-week measurements, the sampler was clogged only eight times. The samples from the
clogged samplers were excluded from the analyses.

The average discharge of 11 selected springs was 0.53 + 0.37 L.s! (mean + SD). The
concentration of FPOM was 3.10 + 2.5 mg.L!. The specific concentrations for the separate
fractions were 0.85 = 1.75 mg.L™! (1000-250 um, coarse fraction), 1.93 + 1.36 mg.L! (250-63
um, intermediate fraction) and 0.32 + 0.28 mg.L™! (< 63 pm, fine fraction).

The microscopic analysis of physical components identified three principal constituents: plant
residues, faecal pellets of macroinvertebrates and amorphous matter. The amorphous matter
was most likely composed of very fine coagulated detritus with bound microorganisms. On
average, the coarse fraction (N = 18) consisted of 17.4 + 6.7% plant residues, 20.7 + 13.9%
faecal pellets and 61.9 + 15.4% amorphous matter. The intermediate fraction (N =16)

consisted of 42.5 + 20.8% plant residues, 37.5 £ 21.8% faecal pellets and 20.0 + 12.6%

11
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amorphous matter. A microscopic analysis of the fine fraction was not performed due to the
use of vacuum filtration.

The GLM model incorporated the effects of site, sampling season and size fraction. The
nutrient contents of the three size fractions of FPOM were significantly different for all
measured elements, except of P (Figure 2, Table 1). There were also significant differences in
detritus nutrient content between sampling seasons for C (p<0.001) and for P, Ca, and dry
mass (p<0.01) (Table 1) with highest mean nutrient content recorded in November. For N and
S the season was not significant. However, the measurements were performed during one
year, so the effect of seasonality can not be interpreted in detail. All measured elements were
significantly site-specific (p<0.001) (Table 1). The same GLM model, comparing the various
size fractions, showed significant differences of nutrient ratios for C:P, C:Ca, and N:P
(p<0.001) and for C:N (p<0.01). For C:S the results were not significant (Figure 3, Table 1).
In general, the content of C, N, Ca and S decreased with decreasing particle size. However,
such a dependence was not observed for phosphorus. The C: nutrient (except C:S) ratios also

decreased with the particle size.

Water quality sampling

In general, the mean values of dissolved nutrients (NO3, 0-POs) were higher in source,
compared to the outflow. While in the source the NO; and 0-PO4 concentrations were 5.8 +
5.5 mg.L!, resp. 0.06 + 0.03 mg.L"!, in the outflow it was 4.7 + 4.7 mg.L"!, resp. 0.04 + 0.03

mg.L!. No difference between the source and the outflow was found for Ca (see Table 2)

Retention time

The retention time was successfully measured in eight springs (the concentration of tracer in

the outflow water was undetectable in three springs). The retention times varied markedly. It
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was very short (3 - 14 min) in stronger springs with a clear outflow trickle and a small
wetland component. The retention time was noticeably longer (33 - 41 min) in weak springs
with an extensive wetland component. The average velocity of the water passing through the

spring was 0.024 = 0,021 m.sec™!, in dependence to the total length of the spring.

Leaf litter quality

The amount of leaf litter deposited in the springs was highly variable and relatively low; on
average, 43.0 = 44.7 gm? (mean and SD) of leaf litter was recorded during the autumn.
Overall, the leaf litter was dominated by deciduous trees: birch (23.1%), willow (18.7%),
beech (15.6%) and maple (9.5%), accompanied by less frequent deciduous trees such as alder,
cherry tree, aspen, rowan and lime (4.8%, 4.7%, 3.6%, 1.6% and 0.1%, respectively).
Coniferous pine (7.5%) and spruce (3.6%) litter, as well as grasses (8.3%) and other herbs
(2.6%), were also present.

The average content of nutrients in the leaf litter at the spring surface (Table 3) did not show
so much variability as nutrient content in detritus. The content of basic nutrients was for C =
541 + 30, for N 14.87 £ 5.61 and for P = 0.968 + 0.223 g/kg. The calculated values of the
nutrient ratios in the leaf litter were C:N 37.1 + 14.0, C:P 548.4 £ 167.7, C:Ca 39.8 £ 11.7 and

C:S403.9+119.4.

Discussion

Sources of FPOM

Since the introduction of the River Continuum Concept (Vannote et al. 1980), many studies of
the properties and transport of detrital particles have been conducted in first- and second-order
headwater streams. Surprisingly, a very small number of studies have focused on FPOM in

spring areas. Suspended detritus is sometimes considered to be absent from springs.
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According to this view, the headwaters below the springs are essentially supplied by
allochthonous matter. Headwater streams are predominantly viewed as accumulators,
processors and transporters of materials from terrestrial systems (Vannote et al. 1980, Pozo
1994). In contrast, our study indicates that the search for the origin of FPOM should begin at
the origin of a river network.

The results demonstrate that a substantial amount of FPOM originates directly from wetland
springs. The average concentration of suspended FPOM in the water was estimated to be 3.1
mg.L ! in our samples, whereas the average concentration of FPOM in a typical second-order
stream in a forested catchment was calculated as 2 mg.L™! (Webster et al. 1999). The principle
that the particle size of the transported organic material should become progressively smaller
along the continuum (Vannote et al. 1980) implies that the concentration of the fine particles
will be lowest below the spring. However, substantial concentrations of all size fractions of
FPOM were recorded below all the wetland springs that we investigated. The most well-
represented fraction was the intermediate fraction (250-63 pum), with a concentration of 1.93
mg.L!. Moreover, because we used a sediment sampler system, only the depositable particles
were successfully recorded in our experiments, and our estimates of the total amount of
FPOM should be considered conservative. We suggest that, due to the low deposition rates
and long transport distances of small particles of FPOM in mountain streams (Thomas et al.
2001), the particles from springs may travel relatively long distances and are used as a food
source for downstream benthic communities.

Large volumes of leaf litter input are produced in the riparian zones of forested headwaters.
This production fuels the spiraling of organic matter down the river continuum (Webster
2007). Hence, leaf decomposition contributes large amounts of FPOM to the stream’s detrital
supply (Fisher and Likens 1973, Graga 2001), although other sources of FPOM could be of

equal or greater magnitude in some systems (Allan & Castillo 2007). These sources are
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probably also very important in case of helocrene springs we examined. FPOM can arise from
dissolved organic matter (DOM) by physicochemical processes, such as flocculation and
adsorption (Wotton 2007), or by microbial uptake. There is little information about the
sloughing of algal mats and other organic layers or about the role of detritus produced from
the floor litter and the soil (Allan & Castillo 2007). Obviously, many of these sources could
form detrital particles just before the water emerges from the ground. In the work of Iversen
(1982), the groundwater input of FPOM in one spring was determined as 68 kg.yr'!. Our
observation show that the fine detritus in helocrene springs can also emerge partly just from
the groundwater, because in some sampled springs, fine detritus was collected directly at the
spring source.

In addition to the groundwater processes, it is necessary to consider the processes occurring in
the springs. In general, the transport rates of detrital particles in streams (measured for three
categories: sticks, leaves and FPOM) are substantially higher than the breakdown rates for
these types of particles (Webster et al. 1999). For this reason, an FPOM particle on the stream
bottom is more likely to be transported downstream than decomposed (Webster et al. 1999).
Our results show, that the transport velocity of FPOM in wetland springs can be lower than in
the average headwater stream, as referred in Newbold et al. (1991). The spring area,
vegetation cover, slope and other variables vary in ways that produce water retention periods
of considerably different lengths. In the studied helocrenes, the estimated retention period
varied from 3 to 41 minutes. Despite this variation, the retention times in spring wetlands are
markedly longer then the reaches downstream. As a result, the relatively small helocrenes
could serve as “detrital reactors", receiving DOM and primary particles from the subsurface,
transforming them as FPOM and transporting them downstream.

Naturally, the leaf litter and woody debris also enter these "detrital reactors". However, we

suppose that the input of these allochtonous material into our springs is variable and relatively
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low because the study sites were primarily on pastures or forest margins and only a few of
them were in the forest (we recorded only 43.0 + 44.7 g.m™ of leaf litter deposits for the
autumn study season). In the forested or partially forested catchments the input of organic
matter shows a strong seasonal variability (Iversen et al. 1982). But, the amount of deposited
organic matter in the stream is not very different in the non-forested catchments compared to
the catchment covered with the deciduous forest (Menninger & Palmer 2007). Non-forested
catchments with higher primary production, dwelled by rich planktonic and benthic
community can produce more faecal pellets and parts of macrophytes (Zimmermann-Timm
2002). High production of FPOM in our springs with a low input of allochthonous organic

matter, is likely subsidized with organic material from the subsurface and primary production.

Nutritional value of FPOM

In general, it is considered that the nutritional value of FPOM in terms of headwater stream, is
low, and consumers must consume a large amount to meet their nutritional needs (Fisher and
Likens 1973, Marcarelli et al. 2011). The variability of nutrient content in FPOM particles is
remarkable. For example, a FPOM particle from the stream bottom is qualitatively different
from a fresh FPOM particle from the water column (Anderson & Sedell 1979). The FPOM
particles from second-order streams with forested watersheds are created from refractory
material (Webster et al. 1999). This material is not as easily decomposed as the leaf litter.
These refractory characteristics enable the relatively long-distance transport of these particles
to higher-order streams (Webster et al. 1999). The content of dissolved nutrients in this type
of headwater stream is correspondingly low (Benstead et al. 2009). Consequently, filter
feeders are generally rare in headwater streams (Vannote et al. 1980). In contrast, our study
area, with a predominantly treeless sloping landscape, represents a different situation. The

spring water contains markedly more dissolved nutrients than the water in the downstream
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brooks and rivers (Table 2). In contrast to the results of previous studies (Cross 2005,
Benstead et al. 2009), FPOM immediately below the helocrene springs is relatively rich in
nutrients. The invertebrate assemblage in helocrenes (Kubikova et al. 2011, 2012) does not
correspond to the River Continuum Concept (RCC) projection for headwaters because strict
filter feeders (Pisidium casertanum, Pisidium personatum) are often present in substantial
amounts. Similarly, as for large river habitats (Thorp & Delong 1994), we consider the spring
assemblages to be richer in functional feeding groups than might be supposed based on the
RCC.

Our study found a significant difference in nutrient content among the three constituent size
fractions measured; the finest fraction had the lowest concentration of nutrients, except of
phosphorus that prevails mostly in anionic form and is chemically bounded in different way.
We suppose that with finest fraction the inorganic substances predominate. The size-fractions
used in our study and the measured velocity of flow enable the entraining and transport of silt
and finer particles as shows the Hjulstrom curve (Heise et al., 2010). On the other hand, the
C: nutrient ratios decreased significantly with the decreasing size of the particle, a result that
is in good agreement with previous studies (Sinsabaugh & Linkins 1990). The smaller
particles, with their lower C: nutrient ratio, could be more favorable for consumers, whereas
the larger fractions serve as a "storage" compartment for food. Most likely, this stored food
could be used by filter feeders in downstream reaches after this material is further processed.
Decreasing particle size is accompanied by a relative increase in surface area and thus by a
higher capacity for microbial colonization and nutrient adsorption (Cross et al. 2005).

The comparison of C:N and C:P ratios in the recorded autumn leaf litter deposits and in
suspended FPOM below the springs shows lower ratios (higher nutritional value) of both the
characteristics in FPOM. Obviously, detritus exported from the helocrene springs originates

not only from poorly decomposable remains but also from other components, such as the
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nutrient-rich microbial coat. The average leaf C:N found by our study is in good accordance
with previous studies (Sollins et al. 1985, Cross et al. 2005), but the detrital C:N is
substantially different.. In Sollins et al. (1985), heavy detrital particles with a low C:N ratio
included a substantial amount of crystalline mineral matter and had a C:N similar to
floodplain soil. It is probable that the particles in our samples also originate, in part, from soil
horizons, but they are most likely mixed with other particles with a higher C content because
the C:N was almost twice as high, compared to floodplain soil. Conversely, in Cross et al.
(2005) the C:N and C:P values for all size fractions examined were generally higher than
those found by our study. In Cross (2005), the C: nutrient data were based on an extensive
search of literature sources, and the analyzed FPOM originated from different freshwater
systems. Therefore, we consider that the lower C:N found by our research was specific for
spring areas. However, it appears evident that substantial variability occurs among catchments
and is, most likely, caused by differences in local conditions. In this case, we consider that the
helocrene spring type and its specific environmental conditions and ongoing chemical

processes represent a very important factor.

Concepts and conclusions

We generally found large amounts of fine, nutrient-rich suspended material in the helocrene
springs we examined. These findings are further supported by the presence of invertebrate
assemblages (Kubikova et al. 2012) typical of up to third- to fourth-order streams, a result that
contrasts with the assumptions of the RCC. The stream hydraulics concept (SHC) (Statzner
and Higler 1985), an early criticism of the RCC, represents one possible explanation of this
contrast. The SHC invokes water velocity as the main controlling factor of organic matter
distribution. The low velocity of helocrene springs allows the accumulation of fine sediments

and the occurrence of sediment burrowers, as is also the case in slowly flowing lowland
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rivers. The hyporheic corridor concept (Stanford and Ward 1993) is another "post-RCC"
concept that could be useful for the description of spring function. Helocrenes represent a
semi-aquatic environment that is strongly bound to groundwater. Therefore, not only
longitudinal connectivity but also the connection with the hyporheal environment (both the
anoxic organic bed and shallow subsurface oxygenated groundwater) and the transverse
linkage to the banks and their wetland and vegetation terrestrial assemblages becomes
important. The influence of this vertical and lateral connectivity in helocrenes with low
velocity can outweigh the longitudinal connectivity from the source to the outflow trickle. In
the riverine productivity model (RPM), designed for large rivers (Thorp and Delong 1994),
the authors emphasized the importance of ongoing processes and nutrient cycles on the
microbial level (autotrophic bacteria, heterotrophic bacteria, bacteriophages, protozoans). It
appears that bacteria and fungi also play a crucial role at the very beginning of the river
network, i.e., in the metabolism of springs. This principle is also supported by the marked
decreases in dissolved forms of nitrogen and phosphorus reported in our study.

Most likely, the nutrient-rich fine particles initially input into first-order streams can be
frequent in diverse biotope types. The RCC primarily involves the concept of a primary river
network associated with forested mountains (Webster 1999, Marxsen 2006). In a global
context, however, a great portion of the primary river network feature open canopies, either
for natural reasons (tundra or semiarid regions) or due to the increasing pressure of human
populations (pasture grasslands, meadows) (Menninger & Palmer 2007). Therefore, a typical
origin of a river net might not have forest rheocrene characteristics, but could be also a spring
wetland, e.g. helocrene. Because of their considerable semiaquatic character, helocrenes are
often overlooked in hydrobiological and ecological research. However, they are very common
in open landscapes with gentle slopes (Kubikova 2012). In the area of about 60 km? where we

were doing the research has been mapped about 1100 springs (Dort & Hruska 2007). If only
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half of them were helocrenes connected to the river network, their production of FPOM
would be about 70 kg of dry mass per year. What is the real production of these springs and
how big is their impact on spring and downstream ecosystems, is still unknown. But it is
necessary to take the spring production into account in the annual organic matter budgets.
Consequently, from a global perspective, these biotopes may represent a relatively common
discontinuity of the river continuum at its origin. This characteristic would have important
implications for the functions of organic matter pathways within the river network, as recently
noted by several authors (Chadwick & Huryn 2003, Rosemond et al. 2008, Kominoski &
Rosemond 2012). Therefore, further research is needed in the field of spring-originated

FPOM and on the processes of downstream transport and utilization of nutrients.

20



Acknowledgements
The research was funded by grants from the Ministry of Environment of the Czech Republic
(MZP 0002071101) and an IGA grant from the Czech University of Life Sciences Prague

(2010/42110/019). Support to KD and JH came from the Czech Science Foundation (13-

05872S)..

21



References

Allan, J.D., Castillo, M. M, 2007. Stream ecology, Structure and function of running waters,
Kluwer Academic Publishers, Dordrecht, Netherlands, 1-338 pp.

Anderson, N.H. and Sedell, J.R., 1979. Detritus processing by macroinvertebrates in stream
ecosystems. Annual Review of Entomology 24: 351-377.

Audorft V., Kapfer J., Beierkuhnlein C., 2011. The role of hydrological and spatial factors for
the vegetation of Central European springs. Journal of Limnology 70: 9-22.

Barquin, J., Death R.G., 2011: Downstream changes in spring-fed stream invertebrate
communities: the effect of increased temperature range? Journal of Limnology 70: 134-
146.

Benstead, J.P., Rosemond, A.D., Cross, W.F., Wallace, J.B., Eggert, S.L., Suberkropp, K.,
Gulis, V, Greenwood, J.L., Tant, C.J, 2009. Nutrient enrichment alters storage and fluxes
of detritus in a headwater stream ecosystem. Ecology 90: 2556-2566.

Cross, W.F., Benstead, J.P., Frost, P.C., Thomas, S.A., 2005. Ecological stoichiometry in
freshwater benthic systems: Recent progress and perspectives. Freshwater Biology 50:
1895-1912.

Cross, W.F., Wallace, J.B, Rosemond, A.D., 2007. Nutrient enrichment reduces constraints
on material flows in a detritus-based food web. Ecology 88: 2563-2575

Cuftney, T.F., Wallace, J.B., 1988. Particulate Organic Matter Export from Three Headwater
Streams: Discrete versus Continuous Measurements. Canadian Journal of Fisheries and
Aquatic Sciences, 45: 2010-2016.

Cushing, C.E., 1997. Organic matter dynamics in Rattlesnake Springs, Washington, USA.
Journal of the North American Benthological Society, 16: 39-43.

Cushing, C.E., Minshall, G.W., Newbold, J.D., 1993. Transport dynamics of fine particulate

organic matter in two Idaho streams. Limnology & Oceanography, 38: 1101-1115.

22



Chadwick, M.A, Huryn, A.D., 2003. Effect of a whole-catchment N addition on stream
detritus processing. Journal of the North American Benthological Society, 22: 194-206.
Dort, B. and J. Hruska, 2007. Specidlni revitaliza¢ni studie Blanice a Zlatého potoka. [A
special revitalization study of Blanice and Zlaty potok], Nature Conservation Agency of

the Czech Republic. Report, not published (in Czech).

Fisher, S.G., Likens, G.E., 1973. Energy Flow in Bear Brook, New Hampshire: An
Integrative Approach to Stream Ecosystem Metabolism. Ecological Monographs, 43: 421-
439.

Gerecke, R., Cantonati, M., Spitale, D., Stur, E., Wiedenbrug, S., 2011. The challenges of
long-term ecological research in springs in the northern and southern Alps: indicator
groups, habitat diversity, and medium-term change, Journal of Limnology, 70: 168-187.

Graca, M.A.S., 2001. The role of invertebrates on leaf litter decomposition in streams- A
review . Internat.Rev.Hydrobiol., 86: 383-393.

Heise, B., Harft, J., Ren, Jie, Liang, K., 2010. Patterns of potential sediment erosion in the
Pearl River Estuary. Journal of Marine Systems, 82, Supplement: S62-S82.

Hoover, T.M., Marczak, L.B., Richardson, J.S., Yonemitsu, N., 2010. Transport and
settlement of organic matter in small streams. Freshwater Biology, 55: 436-449.

Ilmonen J., Paasivirta L. 2005. Benthic macrocrustacean and insect assemblages in relation to
spring habitat characteristics: patterns in abundance and diversity - Hydrobiologia, 533:
99-113.

ISO 10694:1995: Soil quality - Determination of organic and total carbon after dry
combustion (elementary analysis)
http://www.iso0.0org/iso/iso_catalogue/catalogue tc/catalogue detail.htm?csnumber=18782

ISO 11885:2007: Water quality - Determination of selected elements by inductively coupled

plasma optical emission spectrometry (ICP-OES),

23



http://www.iso.org/iso/catalogue detail.htm?csnumber=36250

Iversen, T.M., Jensen, T., Skriver, J., 1982. Inputs and transformation of allochthonous
particulate organic matter in a headwater stream. Holarctic ecology 5: 10-19.

Kominoski, J.S., Rosemond, A.D., 2012. Conservation from the bottom up: forecasting
effects of global change on dynamics of organic matter and management needs for river
networks. Freshwater Science, 31: 51-68.

Kubikova, L., Simon, O.P, and Fricova, K., 2011. The occurrence of Pisidium species,
Bivalvia: Sphaeriidae: in oligotrophic springs of the Blanice River catchment, Czech
Republic: in relation to ecological conditions. Biologia, 66: 299-307.

Kubikova, L., Simon, O.P, Ticha, K., Douda, K., Maciak, M., Bily, M., 2012. The influence
of mesoscale habitat conditions on the macroinvertebrate composition of springs in a
geologically homogeneous area. Freshwater Science, 31: 668-679.

Leibundgut, Ch., Maloszewski, P., Kiills, Ch., 2009. Tracers in Hydrology. Wiley-Blackwell:
415 pp.

Mann, K.H., 1988. Production and use of detritus in various freshwater, estuarine, and coastal
marine ecosystems. Limnology & Oceanography, 33: 910-930.

Marcarelli, A.M., Baxter, C.V., Mineau, M.M., Hall, R.O., 2011. Quantity and quality:
unifying food web and ecosystem perspectives on the role of resource subsidies in
freshwaters. Ecology, 92: 1215-1225.

Marxsen, J., 2006. Bacterial production in the carbon flow of a central European stream, the
Breitenbach. Freshwater Biology, 51: 1838-1861.

Menninger, H.L., Palmer, M.A., 2007. Herbs and grasses as an allochthonous resource in

open-canopy headwater streams. Freshwater Biology, 52: 1689-1699.

24



Meyer, J.L., Strayer, D.L., Wallace J.B., Eggert, S.L., Helfman, G.S., and.Leonard, N.E,
2007. The contribution of headwater streams to biodiversity in river networks1. Journal of
the American Water Resources Association 43: 86-103.

Newbold, J.D., 1992. Cycles and spirals of nutrients. In: P.Calow and G.E.Petts, eds:, The
Rivers Handbook, Hydrological and Ecological principles, Blackwell Scientific
Publications, Oxford, pp. 379-408.

Newbold, J.D., Thomas, S.A., Minshall, G.W., Cushing, C.E., and Georgian, T., 2005.
Deposition, benthic residence, and resuspension of fine organic particles in a mountain
stream. Limnology and Oceanography 50: 1571-1580.

Pozo, J., Elosegui, A., Basaguren A., 1994. Seston transport variability at different spatial and
temporal scales in the Agiiera watershed (North Spain). Water Research 28, 125-136.

Rosemond, A.D., Cross, W.F., Greenwood, J.L., Gulis, V., Eggert, S.L., Suberkropp, K.,
Wallace, J.B., Dye, S.E., 2008. Nitrogen versus phosphorus demand in a detritus-based
headwater stream: what drives microbial to ecosystem response?, Verhandlungen des
Internationalen Verein Limnologie, 30: 651-655.

Sinsabaugh, R.L., Linkins, A.E., 1990. Enzymic and chemical analysis of particulate organic
matter from a boreal river. Freshwater Biology, 23: 301-309.

Sollins, P., Glassman, C.A., and Dahm, C.N., 1985. Composition and Possible Origin of
Detrital Material in Streams. Ecology 66: 297-299.

Stanford, J.A., Ward, A.K., 1993. An Ecosystem Perspective of Alluvial Rivers: Connectivity
and the Hyporheic Corridor. Journal of the North American Benthological Society, 12:
48-60.

Statzner, B., Higler, B., 1985: Questions and comments on the River Continuum Concept.

Can .J. Fish. Aquat. Sci., 42: 1038-1044.

25



Sterner, R.W., Elser, J.J., 2002. Ecological stoichiometry. The biology of elements from
molecules to the biosphere. Princeton University Press, Princeton: 439 pp.

Thomas, S.A., Newbold, J.D., Monaghan, M.T., Minshall, G.W., Georgian, T., Cushing, C.E.,
2001. The influence of particle size on seston deposition in streams. Limnology and
Oceanography, 46: 1415-1424.

Thorp, J.H., Delong, M.D., 1994. The Riverine Productivity Model - An Heuristic View of
Carbon Sources and Organic Processing in Large River Ecosystems. Oikos, 70: 305-308.

Thorp, J.H., Delong, M.D., 2002. Dominance of autochthonous autotrophic carbon in food
webs of heterotrophic rivers. Oikos, 96: 543-550.

Ticha, K., Simon, O.P, Douda, K., Kubikova, L., 2012. Detrital components in submontane
organogenic  springs in relation to their morphology, microhabitats and
macroinvertebrates. Polish Journal of Ecology 60, 163-175.

Vannote, R.L., Minshall, G.W., Cummins, K.W., Sedell, J.R., Cushing, C.E.,1980. The river
continuum concept. Can. J. Fish. Aquat. Sci. 37: 130-137.

Wallace, J.B., Cuftney, T.F., Webster, J.R., Lugthart, G.J., Chung, K., Goldowitz, B.S., 1991.
Export of fine organic particles from headwater streams: effects of season, extreme
discharges, and invertebrate manipulation. Limnology & Oceanography, 36: 670-682.

Webster, J.R, 2007. Spiraling down the river continuum: stream ecology and the U-shaped
curve. Journal of the North American Benthological Society 26: 375-389.

Webster, J.R, Benfield, E.F., Ehrman, T.P., Schaeffe,r M.A., Tank, J.L., Hutchens, J.J., Di
Angelo D.J., 1999. What happens to allochthonous material that falls into streams? A
synthesis of new and published information from Coweeta. Freshwater Biology, 41: 687-

705.

26



Wotton, R.S., 2007. Do benthic biologists pay enough attention to aggregates formed in the
water column of streams and rivers? Journal of the North American Benthological Society
26: 1-11.

Zimmermann-Timm, H., 2002. Characteristics, Dynamics and Importance of Aggregates in
Rivers — An Invited Review, International Review of Hydrobiology 87: 197-240.

Zollhofer, J.M., Brunke, M., Gonser, T., 2000. A typology of springs in Switzerland by

integrating habitat variables and fauna. Archiv fiir Hydrobiologie 121: 349-376.

27



Tables:

Parameter Fraction (DF=2) Season (DF=3) Site (DF=9)
F P F P F P
N 54.3 <0.001 0.4 n.s. 23.8 <0.001
P 0.7 n.s. 4.2 <0.01 24.5 <0.001
S 34.4 <0.001 0.7 n.s. 25.8 <0.001
Ca 17.8 <0.001 5.5 <0.01 41.8 <0.001
C 102.8 <0.001 10.6 <0.001 19.3 <0.001
Sus. 55.3 <0.001 4 <0.01 5.6 <0.001
CIN 5.7 <0.01 6.2 <0.001 4.7 <0.001
C/P 50.1 <0.001 1.2 n.s. 28.5 <0.001
C/S 2.2 n.s. 9.1 <0.001 10.2 <0.001
C/Ca 49.9 <0.001 5.1 <0.01 12.5 <0.001
N/P 38.7 <0.001 2 n.s. 32.4 <0.001

Table 1: Summary of the significant GLM results for nutrient content (C, N, P, Ca and S),
detritus concentration, and C:N, C:P, C:Ca and C:S ratios in the constituent size fractions of

detritus.
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Parameter Position Mean * SD Range t DF o]
(mgll) (mg/l)

NOs source 58+5.5 0.7-19.1 28 43 <0.01

outflow 47147 0.1-16.4
0-PO4 source 0.06 £+0.03 0.01-0.13 6.38 43 <0.001

outflow 0.04 +£0.03 0.0025*-0.11

Ca source 6.1+£3.0 3.2-15.7 -0.03 43 n.s.
outflow 6.2+3.4 24-194

* under detection limit

Table 2: Dissolved nutrients in the spring source and outflow and the significance of paired t-

tests of these data (N=44).
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Parameter Mean * SD Range

(9/kg) (9/kg)
C 541 + 30 488 - 616
N 14.87 + 5.61 8.5-30.3
P 0.968+0.223  0.552-1.4
Ca 14.1+ 3.6 8.77 - 21.1
S 1.32 £ 0.32 0.89-1.97

Table 3: Average content of nutrients in leaf litter deposits at the spring surface (N=22).
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Figure legends:

Figure 1: Scheme of detrital sampler: suction basket (1), discharge pipe (2), settling vessel (3)

discharge pipe (4). The arrows indicate the difference of the water surface levels.

N
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Figure 2: Nutrient content and the estimated dry mass concentration of the constituent size
fractions of detritus sampled from outflowing spring water. Median, 1st and 3th quartile,

extremes and outliers are indicated.

total carbon total nitrogen total phosphorus
]
ul
=t G o 4
I Sy e 1 BT Pt w -
— | | 1 | +
' i w ! :
2 B4 ' —_ B ] )
o It —_ o ¥
E ! E i E . -
= i - ! . . !
2 I ! 2 W : 2 T B
5 o I =1 1 L o - 1 I
Al e 1 : — 1 — 1 1
o = | & 1 T o - 1
= : = I = I 1
=2} - o o~ ] _L [= ,—|—|
2 . l M
— 1 ! —4 !
1 o _| 1 —_ 1
T T T - T T T T T T
1000 230 53 4000 230 63 1000 250 63
total calcium total sulphur concentration of dry mass
o _| - - 5 -
2 =T _:_ ™ =
|
=4 T
W 1 X 1 T 1 1 o
@ I @ -
E 2 ! i El v I I | .
- 1 > I 1 o —
8 o 5 | = :
ey HE b= ! E
= — T 5
B | & ' "] :
w - I T 1
3 Loy . S e = +
w - e 1 1 RS i &
1 | |
i
i i I ===
il T T T T T T T T T
1000 230 63 1000 250 B3 1000 230 B3

31



Figure 3: C:N, C:P, C:Ca and C:S ratios in the constituent size fractions of detritus. Median,

Ist and 3rd quartile, extremes and outliers are indicated.
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Introduction

The reproduction of freshwater pearl mussels has stagnated in many European localities in recent decades. A
number of factors which can negatively affect reproduction have been identified, such as the absence of suitable
host fish (Bauer et al., 1991), deficient permeability of the hyporheic interstitial and substrate quality (Geist &
Auerswald, 2007), or low temperatures for juvenile growth (Hruska, 1992). Nevertheless, there has been no

detailed description of the most favourable environment for the development of juveniles.

Finding unionid juveniles in a large volume of sediment under natural conditions is possible but very uncommon
(Neves & Widlak, 1987). Field data from ecological studies are primarily available for species that grow up to
several centimetres during the first years of their life (Jones & Neves, 2011). The freshwater pearl mussel
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(Margaritifera margaritifera) has very small juveniles that inhabit substrates with a comparable grain size (the
size of individuals in semi-natural breeding conditions in Czech localities during their second year of life is
approximately 0.6 — 1.1 mm). But finding juveniles up to one cm in size is rare and random, even in localities
with natural reproduction (Hastie et al., 2010). Finding M. margaritifera juveniles is complicated also due the
very long life span of the species, which can be 80 — 140 years (Bauer, 1992; Hruska, 1991) or perhaps even 200
years (Helama & Halovirta 2008). This species only requires sufficient conditions for successful reproduction in
a few years during the lifespan of one age cohort (Jones & Neves, 2011). Often, juvenile life history can be
deduced only from the occurrence of older cohorts over a longer timeframe (Englund et al., 2008; Hastie & Toy,
2008; Hastie et al., 2000; Outeiro et al., 2008). Thus, most of the knowledge about juveniles biology comes from
the evaluation of breeding practices or from various types of bioindication experiments (Gum et al., 2011;

Hruska, 1999; Lavictoire et al., 2015).

Based on the use of bioindication methods in situ, our study is focused on the Vltava River in Sumava National
Park (Czech Republic), where a very diffuse and small population (up to 1000 individuals) occurs in an
approximately 30-km long stretch above Lipno reservoir. This population is probably not reproducing naturally
and has stagnated since the 1970s. One of the possible factors preventing natural reproduction is the low number
of host fish; this is the result of dam construction, which has prevented fish migration (Simon et al., 2015;
Svanyga et al., 2013). However, according to previous bioindication testing, the growth of juveniles is not
impeded in the VItava River. Moreover, some individuals originating from semi-natural breeding that were
stocked here in 1998 successfully completed all developmental phases (Simon et al., 2015). In contrast, juveniles
placed in the neighbouring Blanice River, where the largest Czech population occurs, have a low growth rate and
usually die during their first two years of life. The mountain river floodplain ecosystem is only slightly
anthropogenically modified in the Vltava basin compared to the surrounding Central European landscape
(Bufkova & Rydlo 2008), and the river is not substantially damaged by eutrophication and acidification (Oulehle
et al. 2006). Thus, a detailed study focusing on the conditions for juvenile development within the catchment

was feasible here.

The Vltava River has a great potential for M. margaritifera conservation, including supporting a population
using juveniles originated from a semi-natural breeding location. Therefore, the first aim of our study was to
answer the question of how the locality position within a river longitudinal profile affected a juvenile
development and what is the role of key environmental factors (such as temperature, water chemistry or the
composition of detritus particles”) differing between the localities.
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It is assumed that juveniles, which fall into bottom sediments after leaving a host fish live many years thereafter
in the hyporheic zone (Bauer & Wachtler, 2001). The length of this period is estimated to be 10 — 20 years in
Czech localities, which are relatively cold (Simon et al., 2015). The type of preferred habitat and ecological
requirements (movement possibility, food composition) of this life phase are not well described. As such, the
second questions investigated in this research aimed to determine the factors that influenced juvenile
development in different habitats in selected localities, as well as in a microhabitat scale, reflecting hyporheic
oxygen conditions in the core locality. In all probability this study represents the first example of a detailed
assessment of a freshwater mussel biotope with generally favourable habitats that used a bioindication method
which was hierarchized in three spatial scales: 1) position in the longitudinal profile of the river, 2) microhabitats

within the river bottom, 3) microhabitats in the hyporheic environment.

Bioindication methods that evaluate the growth and survival rates of juvenile individuals exposed to the natural
environment are often used in conservation biology. The most common method is based on the containment of
individual specimens in small meshed chambers placed in a set within a plastic cage (Buddensiek, 1995). This
method has been used for 20 years in Central Europe and allows results across studies to be compared
(Buddensiek 1995, Schmidt & Vandré 2010, Gum et al., 2011, Scheder et al., 2014). Other systems have been
used to better imitate natural conditions, such as sandy cages (Hruska, 1999) or mesh tubes placed in the river
substrate. Because the environment in certain types of experimental devices does not perfectly correspond with
natural conditions (Gum et al. 2011), our study focused simultaneously on two bioindication methods.
Bioindication experiments were performed using both standard Buddensiek mesh cages with individual
containment (Buddensiek, 1995, modified) and sandy cages with at least 100 juveniles (Hruska, 1999). The
comparison of suggested possibilities for both of the described methods represented the third and equally

important aim of our study.

Methods

Study site and localities

The studied stretch of the Vltava River is 30 km long, from river kilometre 366 to 396 (counting upstream), and
is at an altitude of 728 — 758 m a.s.l. Ten localities (9 + 1) were evaluated, nine of which are located within a
catchment of this stretch of the Vltava River and the tenth one situated in the Blanice River (also in the Vitava
River basin). Both rivers host the same M. margaritifera conservation unit (CU Blanice, Simon et al. 2015). In

the main stream of the Vltava River, four sites were investigated where mussels still occur (I-Pod Jedlovym, I1-

3
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Meandr, I11-Pekna and Ovesna — those marked by Latin numbers represent a core area of recent occurrence) and
one at the upper end of its historical distribution (Lenora). Moreover, the mouths of some tributaries without
documented occurrence of the species were investigated (localities T-Olsinka, T-Rasnice, T-Volarsky, T-
Studena). The neighbouring basin of the Blanice River was represented by one locality (Blanice) situated in a
river stretch containing the main species colony (782 m a.s.l.). This was used as a control site because the parents
of the experimental juveniles originated here. Fig. 1 describes the spatial distribution of the localities. For water

chemistry parameters, see Tab. 1.

The localities I-Pod Jedlovym, 11-Meandr, and I11-Pekna represent the core segment of freshwater pearl mussel
distribution in the Vltava River. A good juvenile growth rate was presumed to occur here; thus, these localities
were chosen for more detailed study. The upper two localities (I-Pod Jedlovym, 11-Meandr) have identical open
water quality conditions. The localities I1-Menadr and I11-Pekna have identical temperature conditions, but their

chemistry and flow dynamics differ slightly.
Experimental animals

All experimental juveniles originated from a semi-natural breeding programme conducted annually within the
Czech Action Plan for Freshwater Pearl Mussels (Svanyga et al., 2013). This programme breeds juveniles
according to standard methods using brown trout (Salmo trutta), a suitable local host fish. The juveniles had the
same origin as the existing population in the VItava basin (CU Blanice, Simon et al. 2015). The individuals were
fed detritus from helocrene springs during the first year after excystment (Svanyga et al. 2013, Ticha et al. 2012).
Freshwater pearl mussel juveniles were used that were 1+ years of age (juveniles within the second year of life
after the parasitic stage). In some experimental units, juveniles in the first age period (0+) were also used. After

the experiment, all survivors were reintroduced into the breeding programme (Svanyga et al., 2013).

Bioindication study using mesh cages with individual chambers

Randomly chosen juveniles that were 1+ years of age were used. Body size was determined as the maximum
total shell length using a trinocular stereomicroscope (magnification 8x; calibration grid) and ImageJ software
(Abramoff et al. 2004). Afterwards, juveniles were placed into mesh cages with one individual per chamber
according to Buddensiek (Buddensiek, 1995). Each mesh cage contained six individuals. The chamber volume
was 226 mm? and the mesh size of the chamber-closing mesh was 340 um. The mesh cages were exposed to the

stream water and were anchored to the bottom with steel spikes (hereafter “open water mesh cages”). All cages



113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

were situated 10 cm above the bottom surface. The angle between the thalweg, i.e., a line with highest velocity

in deep part of channel (Fryirs & Brierle 2013) and the mesh cage surface was 45%.

The mesh cage experiment lasted 30 days. This duration was chosen based on experience from the Czech Action
Plan for Freshwater Pearl Mussels (Svanyga et al., 2013) where a one month period proved to be sufficient to
recognize differences in growth. During the experiment, the mesh cages were checked after 14 days and were
cleared of drifting material. After the experiment, the individuals were measured again using image analysis
software, and a growth rate (%) was calculated for every surviving juvenile. For a longitudinal profile effect,
absolute values of growth (um) were also used. The survival rate was calculated as the ratio of the number of
survivors to the total number of juveniles in every mesh cage. The average growth rate for the three best growing
individuals per mesh cage (3 MAX) was used for the analyses. Alternatively, the average growth rate of all

surviving individuals from the mesh cages was used for the analyses.

Where the study was most detailed (I1-Meandr), a bioindication experiment was performed using mesh cages
situated in the hyporheic environment (hereafter “within-bed mesh cages”). Mesh cage construction, exposure
time, and all the evaluation processes were analogous to the method used for open water mesh cages; the only
difference was their position. The cages were placed under the bottom surface by a diver and were fixed with
iron pins. The sites were chosen with respect to studied substrates (see below) and oxygen saturation (over 85%
up to the first 13 cm of sediment depth). There was a minimum distance of 2 m between the sites within one
locality. The within-bed mesh cages were placed in three types of substrate: sand, gravel and stones. They were
located 3 cm under the bottom surface in all of these substrates. In additional, cages were also placed at a depth
of 13 cm in the gravel substrate. After the within-bed mesh cages were installed, they were covered with the
original bottom substrate. Each cage was equipped with a PVC tube for water sampling from the hyporheic zone

at a depth of 3 cm (or 13 cm for the gravel substrate).
Bulk bioindication in sandy cages

Juveniles (1+ age) were placed in plastic boxes with mesh (size of boxes: 170 x 100 x 70 mm, mesh size: 340
um) that were filled to 30% volume with sorted local river sand (Hruska 1999). A grain size of 1 — 2 mm was
selected as a favourable environment (Lavictoire et al. 2015). This method better imitates the natural habitat. All
these sandy cages were primarily intended for breeding within the Czech Action Pearl Mussel Plan and were

identical in shape and size.
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The standard number was 100 individuals per sandy cage for the bioindication study. Because of the loss of
some cages, additional sandy cages with 500 — 2000 individuals were included in the analysis. Sandy cages were
placed 10 cm above the bottom and were fixed to a flat stone with a fishing net (hereafter “open water sandy
cages”). The cages were positioned in the base flow area where the stream speed reached up to 0. 2 m s during

exposure. The angle between the thalweg and the longer edge of the sandy cage was 45°.

At the three localities that were studied in more detail (I-Pod Jedlovym, II-Meandr, and I11-Pekna), sets of sandy
cages were also located outside the thalweg. The cages were placed either downstream of a bigger stone or in
narrow spaces between stones. In the first case, a slight turbulent flow occurred, whereas almost still water
occurred in the second case. Sets of sandy cages were also installed in the hyporheic environment (hereafter
“within-bed sandy cages”). The sandy substrates therein corresponded with the level of the surrounding gravel
substrate. Fixing stones were placed above the sandy cages. All individuals were photographed together before
being placed into the sandy cages (magnification, 10x; calibration grid). Subsequently, the ten largest individuals

(10 MAX) were measured using the image analysis software.

The experiment was conducted over three months. The sandy cages were checked at two-week intervals or after
a storm-induced flood had subsided. Maintenance included cleaning the cage mesh area with a brush, sediment
elutriation, and position correction if necessary. The sandy cages were not taken out of the water during these

procedures.

At the end of the experiment, the juveniles were separated from the sand by elutriation — the repeated swirling
and pouring of water to remove lighter particles including live organisms. When the last individual was found,
the whole process was repeated ten times to minimalize mistakes due to missed individuals. The number of
surviving individuals per sandy cage varied from O to 694. Dead shells were not included in the analysis due to

their varied stages of decomposition and the inability to objectively compare growth.

All surviving individuals were collectively photographed and the ten largest individuals were measured as at the
beginning of the experiment. Based on prior experience with the Czech Action Plan for Freshwater Pearl
Mussels (Svanyga et al., 2013), low mortality for faster growing individuals was assumed as well as a higher
chance of achieving maturity (Barnhart, 2006). At the end of this experiment, the total number of individuals
was determined to calculate the survival rate. In addition, sandy cages with juveniles in their first year of life

after excystment (0+) were assessed in three core localities.
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Experimental design

The river environment was investigated at three spatial scales: 1) over the longitudinal river profile and its
tributaries (ten localities in total); 2) within different habitat types at the three basic localities; and 3) within
different hyporheic microhabitats at one selected locality. The experiment took place over a two-year period

(2014 and 2015). For spatial design, see Fig. 2.

1) Six open water mesh cages per locality were installed at eight localities in 2014, whereas only four were
installed at each of the six localities in 2015. In addition, a total of 20 open water sandy cages were distributed at
the five main stream localities and at two tributaries (T-Rasnice, T-Volarsky) in 2014. In 2015, a total of 16 open

water sandy cages were distributed within the localities I-Pod Jedlovym, 1I-Meandr and I11-Pekna.

2) The three main localities (I-Pod Jedlovym, 1I-Meandr, I11-Pekna) were chosen for a more detailed habitat
study during 2014 and 2015. In addition to the basic sets of open water sandy cages, 17 open water sandy cages
together were installed at two different positions in relation to the thalweg (eleven sandy cages behind a bigger
stone and six in narrow spaces between stones. Because of a low number of repeating occurrences, both
positions were statistically evaluated together as one group. Moreover, two within-bed sandy cages were

installed at each of these three localities for maximal imitation of the natural environment of juveniles.

To test the effect of environmental conditions on different age cohorts, sandy cages with juveniles (0+) were
assessed in these three localities. At each locality, three to four replicates of open water sandy cages and two

replicates of within-bed sandy cages were located in 2014.

3) At the core locality (I1-Meandr) a detailed study of the hyporheic environment was carried out in 2014. In
addition to the six open water mesh cages, 28 additional within-bed mesh cages were simultaneously installed.
These cages were situated in four different environments characterized by substrate type and the depth of
chambers (3 or 13 cm under the bottom surface). The environments were sand (3 cm), gravel (3 cm), gravel (13
cm), and stony bottom (3 cm). Seven mesh cages were installed in each environment and were evaluated
together with the basic set of six open water mesh cages installed here. An overall set of 34 mesh cages

represented five environments for comparison.

The Vltava River is popular for canoeing, so several losses of mesh cages and sandy cages were recorded due to
disturbance from canoeists. In addition, two mesh cages shifted at Il1l-Pekna in 2015. These two cages were

excluded from data analyses.
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Physical and chemical measurements

Water temperature and light exposure were continuously measured by HOBO temperature/light data loggers
(HOBO Pendant, Onset) at every locality in 2014. In 2015, the HOBO data loggers were located at each mesh
cage because of possible local variability. However, there were no deviations in temperature between mesh cages
within a locality; thus, temperature data from the first mesh cage (in the downstream direction) from every

locality were used for analysis.

Open water samples for chemical analysis were taken from the studied localities at monthly intervals over the
duration of the bioindication experiments across both years. For a general overview of the water chemistry in the
catchment, monthly chemical monitoring was carried out at the six main localities from Il 2014 to I1X 2015. In

2015, chemical data are missing from the later-added comparative T-Olsinka.

Point samples were taken from a 10 cm depth in the thalweg. In addition, pH, conductivity and dissolved oxygen
were measured in the field using a mobile oximeter (Hach). Common values of approximately 100% oxygen
saturation indicated that oxygen saturation was not a limiting factor in the environment of open water across the

catchment.

Water samples were collected in 1 | PE bottles and were transported to the laboratory in a cooler. Nitrates,
ammonium ions, total phosphorus, calcium, undissolved substances, and absorbance at 254 nm (as an indicator

of dissolved organic substances) were measured using standard laboratory methods.

Hyporheic water was sampled from the plastic tubes in close proximity to every within-bed mesh cage five times
per month during the exposure period. Nitrate and ammonia ions were quantified in the laboratory by standard
laboratory methods, whereas conductivity and oxygen saturation were measured in the field using a mobile
oximeter (WTW). Water was taken from the tubes using a 200 ml syringe; the first batch (ca 75 ml) was poured
out. The next sample (75 ml) was drained into plastic bottle and measured by the oxygen sensor. Oxygen
saturation was registered just after value stabilisation. Our methodical experiment showed that the value

remained stable (+ 1%) in the sample for at least 15 minutes, even when the saturation was below 50%.

Detritus from the bottom was sampled in the plastic pipes at every locality three times during the bioindication
experiment. Detritus samples were filtered through a 0.1 mm meshwork, dried at 105 °C and homogenized. The
ratio of ash-free dry mass (AFDM), the C/N ratio, and phosphorus and calcium concentrations were measured by

standard laboratory methods.
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Statistical analysis

Statistical analysis was conducted in R, version 3.1.0 (R Core Team 2014). Kruskal-Wallis, Kruskal-Nemenyi,
and Wilcoxon-Mann-Whitney tests were used. For data with a normal distribution, linear or quadratic regression

was carried out.

Results

Water and detritus chemistry in the catchment

Generally, water chemistry in the catchment is within the limits reported for freshwater pearl mussels in the
literature, except for the stream T-Volarsky (Tab. 1). A table summarizing the values measured during the
bioindication experiments in summer 2014 and 2015 (Tab. 2) supports this assumption. The five localities of the
longitudinal profile resembled each other in chemistry, although some non-significant trends are apparent
(phosphorus increased downstream in yearly average values). However, the tributaries and the comparative
Blanice differed more, especially T-Olsinka (dystrophic, small tributary poor in calcium and phosphorus) and T-
Volarsky (a nutrient rich stream that is permanently polluted because of an obsolete sewage treatment plant).

Blanice differed to a lesser extent (increased phosphorus level).

In the tributary T-Volarsky, the concentrations of phosphorus and ammonia varied strongly. An ammonium ion
concentration of 1.22 mg I* and a total phosphorus concentration of 0. 51 mg I* were measured during the sandy
cage experiment on 30. 7. 2014. The sewage treatment plant is situated 2 km upstream of the studied site. A
malfunction at the plant was the cause of this sudden chemical increase. Nevertheless, the influence of this

problem in the T-Volarsky tributary was only slight in the main stream (Fig. 3).

The detritus chemistry analysis did not show considerable differences between localities except for the localities
I-Pod Jedlovym and T-Olsinka, where lower concentrations of calcium and phosphorus were measured
compared to the next localities in the longitudinal profile. Moreover, the average AFDM ratio decreased

downstream (Fig. 4). Because of the low number of replicates, a statistical analysis was not performed.

Open water sandy cages in the longitudinal profile and tributaries

In both years, juveniles 1+ were used. Within the main course of the river evaluated by open water sandy cages
in 2014, the growth rate increased downstream from Lenora (52%) through the middle locality, 11-Meandr

(153%), and thereafter decreased again until Ovesna (46%) (Fig. 5a). This trend is significant if absolute growth
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values (um) are evaluated (quadratic regression: r%g = 0.77, F213= 25.66, d.f. = 16, P<0.001). According to a
post-hoc test, the significance decreased by two outlying values representing two cages with very high mortality
(the lowest, Ovesna, with survival below 10%). Apart from this locality, differences in survival rate between
localities in the main course were only small (approximately 25% in the three main localities I-Pod Jedlovym, I1-
Meandr and Il1-Pekna). The average temperature only varied from 13.9 to 15.5 °C between the localities in the
longitudinal profile during the three-month experiment (Tab. 3). Therefore, the average growth and survival rates

in individual profiles do not show any visible dependencies on the average temperature.

In 2015, the greatest growth rate from the three studied localities was recorded at I1-Meandr (123%). Although
the 2015 season was extremely warm, the average water temperature at the localities did not differ from that
measured in 2014 (Tab. 3). The average growth rate was similar in both years, but the survival rate was higher in
2015, with average values from 48 to 72%. However, the data from 2014 and 2015 cannot be simply compared

due to the different timings of the three-month experiments (Jul-Aug 2014, May-Jul 2015).

The two tributaries evaluated in 2014 differ from each other (Fig. 5b). While 0% survived in T-Volarsky, the

upper tributary (T-Rasnice) had maximal survival (90%) with a not very large growth rate (73%).

Sandy cages: comparison of the three main localities.

The age cohorts 1+ and 0+ in open water sandy cages and within-bed sandy cages were tested in the three main
localities in 2014. Compared to open water sandy cages, within-bed sandy cages showed more distinct
differences in terms of survival rate between the localities (Fig. 5 b, Tab. 4). Both 0+ and 1+ individuals
completely died in the lower locality of I11-Pekna, while the upper locality 1-Pod Jedlovym had the highest
survival rate (49% on average). In one case, a within-bed sandy cage (I-Pod Jedlovym, +1) reached a greater
survival rate than any open water sandy cage in 2014. Generally, the survival rate within the river bed decreased
downstream across the three tested localities. Although this trend is highly apparent, a statistical analysis was not

performed because the number of within-bed mesh cages per locality was too low.

For all the within-bed sites having a non-zero rate of survival, the growth rates were lower when compared to
open water. These values reached one third to two thirds of those measured in open water mesh cages at the

same localities (Tab. 4). Nevertheless, this trend was not statistically tested due a low number of repetitions.

Comparison of 0+ and 1+ age cohorts

10
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The effect of age cohorts was apparent in open water sandy cages. The freshly excysted individuals (0+) had a
somewhat faster average growth rate (158 %) compared to the 1+ individuals (126 %), but this difference only
approached the level of significance (Wilcoxon-Mann-Whitney test, p=0.06). Nevertheless, the survival rate
differed significantly (Wilcoxon-Mann-Whitney test, p<0.001) achieving 51% (SD = 8.5) for the 0+ age cohort

but only 26% (SD = 12.8) for the 1+ cohort.

In the within-bed sandy cages, the survival rate was higher for older individuals (1+) (Tab. 4), but the difference
was not significant (Wilcoxon-Mann-Whitney test, p=0.68). There was also no difference between the 0+ and 1+

cohorts for growth rate (Wilcoxon-Mann-Whitney test, p=0.81).

Open water sandy cages in different stream conditions

Open water sandy cages differed between one another in terms of survival rate in relation to their positions;
however, variability was large at all localities. The greatest survival rate was reached in the sandy cages placed
in the base flow area (Fig. 6). Evaluated together, the other two position types (out of the thalweg and in the

narrow space between stones) showed distinctly higher mortality (Wilcoxon-Mann-Whitney test, p<0.001).

Open water mesh cages in the longitudinal profile and tributaries

In both years, juveniles 1+ were used. In 2014, survival was relatively high in open water mesh cages (Fig. 7a,
Tab. 5) compared to the sandy cages. The survival rate oscillated near 90% and varied only slightly within a
locality. The tributary T-Studena was the only one which showed a somewhat lower survival (survival rate 72%)
and very high differences between mesh cages. The growth rate was generally low across all the localities, being
close to zero in two tributaries (T-Rasnice, T-Studena) and in Blanice. As in the sandy cages, the greatest growth
rate was observed at II-Meandr (over 10% growth). Surprisingly, the T-Volarsky tributary also showed an
equivalently high growth rate and only low mortality (survival rate 83%), although no juveniles survived at the
same locality during the three-month sandy cage experiment. The growth rate differed significantly between

some localities in the main stream (Kruskal-Nemenyi test, Tab. 6a), but no longitudinal trend was detected.

In 2015, the survival rate was equivalently high compared with the previous year (from 83%). Survival was even
100% in the newly added tributary T-Olsinka, located in the upper stretch of the studied portion of the basin.
However, the growth rate (19. 3 — 41. 8%) was much higher compared to 2014 in all five of the repeatedly tested
localities. Only the T-Olsinka tributary showed a low growth rate of approximately 5%. Within the four

localities of the main stream, the growth rate increased downstream in 2015 (Kruskal-Wallis test, p<0.001) and

11



307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

differed significantly between most localities (Kruskal-Nemenyi test, Tab. 6b). In addition, average temperatures
were evaluated as the factor best explaining growth rate, and they also differed between years (Fig. 7b). Higher

temperatures were accompanied by higher growth rates (Kruskal-Wallis test p<0.001).

Mesh cages in different environments

The detailed study of 28 hyporheic sites at 11-Meandr (evaluated together with the six open water mesh cages at
the same locality) showed an effect of microhabitat conditions on juvenile development. The highest survival
rate was in open water and the worst was in the sandy hyporheic zone (Kruskal-Wallis test, p<0.05 and Kruskal-
Nemenyi test, Tab. 7). The highest growth rates were in open water and in the microhabitat of a stony bottom.
These two environments differed from the other environment categories (Kruskal-Nemenyi test, Tab. 7). The
decrease in both survival rate and growth rate was accompanied with declining oxygen saturation, which was the
worst in sand (differing from the other environments) and the best in open water (differing from sand and both
depth levels of gravel) (Kruskal-Nemenyi test, Tab. 7). Thus, a gradient of environmental preference is implied
in the following order: open water, stony bottom, gravel, and sand (Fig. 8). Sites with a problematic oxygen
regime showed both a reduced survival rate and reduced growth. Even microhabitat categories of different
oxygen regimes can be distinguished (Fig. 9). The most oxygenated environment (above 95% saturation)
differed from the other environment categories in terms of the growth rate (Kruskal-Nemenyi test, Fig. 9) and
from the most oxygen—poor environment (below 65% saturation) in terms of survival rate (Kruskal-Nemenyi

test, Fig. 9).

The water chemistry data that were collected from repeated sampling of all 28 within-bed microhabitats showed
only slight differences. A higher conductivity (up to 130 ps cm™) was only recorded by three mesh cages placed
in the sandy microhabitat compared to values of 50 — 97 uS cm* from the other hyporheic sites and from the
surface water. All three mesh cages also showed a decrease in oxygen and a 100% mortality. For two of them,
increased ammonium ion concentrations (0.14 and 0.09 mg.I"Y) were also measured, and nitrate values were

below the detection level, indicating that a microaerobic environment occurs at these sandy sites.

Discussion

Mesh cages versus sandy cages
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The different results given by sandy cages and mesh cages in the longitudinal profile prompt the question of
what these methods actually indicate. For locality evaluation, mesh cages have limited use (Gum et al., 2011).
Sandy cages are probably more representative. Open water mesh cages are not limited by oxygen, the deficiency
of which is probably responsible for many juvenile deaths. Thus, open water mesh cages can show successful
development even in localities where open water sandy cages have declining survival and growth rates (Ovesna
and I11-Pekna). In fact, open water mesh cages provide a maximum growth potential for the localities, but this
actual potential may not be achieved depending on the hyporheic microhabitats available within the locality.
Sandy cages most probably represent natural conditions better than mesh cages; thus, more natural factors are
more apparent here, including predation (possibly due to carnivorous invertebrates entering the cage) or easier
transmission of infection among juveniles. The movement of juveniles between grains is possible, which helps to
reduce biofilm growth on the shell. Where a deficiency in hyporheic oxygen is caused by the activity of

microbes colonizing sand grains, this effect can also occur in these cages when placed above the bottom.

Influence of longitudinal profile location on growth rate

Mesh cages placed in open water in the main stream showed increasing growth rates downstream in the more
favourable year, 2015, whereas such a longitudinal gradient was not observed in 2014, when the mean monthly
growth rate was only about 10%. In contrast, no direct correlation between growth rate and longitudinal profile
was identified in sandy cages, in which the highest growth rate was observed in the middle stretch (11-Meandr) in

both 2014 and 2015. In either case, the role of position is evident.

Temperature is the first factor that could explain differences across localities. The temperature differences
between localities were small in both years: 0.6 K in 2014 and 1.2 K in 2015 for the month-long experiment with
mesh cages; 1.6 K in 2014 and 0.5 K in 2015 for the three-month experiment with sandy cages. However, the
growth rates indicate a positive dependency on temperature in mesh cages. An important role of temperature in
juvenile growth rate is assumed (Hruska 1992); however, it has been questioned by Tdubert et al. (2013) for the
parasitic phase. Despite this, temperatures above 15 °C for a continual period seem to be crucial for successful
reproduction (Hruska, 1992). This is reflected in our results, when only minimal growth was recorded in mesh
cages under 14 °C in 2014. Denic et al. (2015) also addressed differences between localities in Central Europe
and identified temperature as a factor correlating with growth rate in the first growth period, even though the
differences in temperature were small (1.5 °C). Thus, temperature may be one of the factors affecting growth

rate and developmental success in the longitudinal gradient of the VItava River.
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Nevertheless, temperature alone cannot explain the spike in growth rate in the sandy cages along the longitudinal
gradient. The composition of detritus is the next factor suggested as being variable across the longitudinal
profile. The proportion of AFDM in detritus decreased slightly downstream, while concentrations of phosphorus
and calcium changed more unpredictably. The apparently intensive autochthonous production of detritus and its
transformation occurs here because of a high abundance of submerged macrophytes and the distinctly
meandering character of the river. Thus, food conditions can differ even within a relatively short river stretch,
such as between localities that are only 8 km apart (I-Pod Jedlovym and II-Meandr) without any tributary
influence. However, our dataset does not have a sufficient temperature or detritus chemistry scale nor enough
localities for more detailed conclusions. Moreover, a description of detritus chemistry in freshwater pearl mussel

streams has not been published, despite the importance of filtration performed by the species.

Relationship between survival rate and locality in the river basin

The survival rate was more variable than the growth rate within individual localities. The highest survival rate
was recorded in the upper stretch of the basin.In T-Rasnice it was 90% survival rate, n = 200 individuals in two
sandy cages, and in T-Olsinka it was 100% survival rate, n = 24 individuals together in four mesh cages. Both
localities represent the coldest of those within our dataset. Scheder et al. (2014) also presented similar survival
rates under geographically and ecologically comparable conditions. Relatively lower values of survival were
observed in the downstream stretch of the river (Ovesna). The habitat’s role is also evident because very low

survival rate (below 10%) was observed in sandy cages situated outside the thalweg.

Mesh cages showed a low survival rate with very high variability in the Studena tributary. The factors affecting
mortality are unclear here. In contrast, an accident at the sewage treatment plant caused the 0% survival rate in
the sandy cages in the T-Volarsky tributary, whereas juveniles had a survival rate over 80% in mesh cages here
14 days after the accident. Thus, long-term bioindication system experiments seem to be very important in the
true characterization of localities. Even a month-long experiment may not be able to register unpredictable

changes, such as the impact of an accident which lasts several weeks.

Experiences using natural food during the breeding of freshwater pearl mussels (Svanyga et al., 2013, Hruska,
unpublished) point to visible differentiation that occurs during the intensive growth phase if conditions are

generally good. There are relatively fast growing individuals as well as lagging individuals that subsequently die.
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Our results do not conflict with these observations. The average survival rates were 23% (2014) and 48% (2015)
over three months in 11-Meandr, which was best for growth in the sandy cages. A significantly higher survival
rate was observed at a locality with a low growth rate that is probably the result of low temperatures. In contrast,
a high mortality rate may have other causes, such as eutrophication or variability in the oxygen regime within

microhabitats.

Evaluation of the survival rate in relation to the growth rate for each year and for the three main localities only
found an interdependence in the profile for 11-Meandr in 2015 (Fig. 10). This finding suggests that both a high
growth rate and a high survival rate could be reached under conditions with a suitable temperature (warm year),
a suitable composition of food particles, and good water chemistry. Lower success in some sandy cages may be
caused by predation; infection could be another cause. When the juveniles were contained separately in mesh
cages in the same profile, the monthly mortality was minimal (survival rate: 97% in 2014 and 92% in 2015).
Nevertheless, caution is needed when generalizing these results due to the specific conditions of the river. This

topic requires the evaluation of larger datasets from a greater number of basins.

The effect of microhabitats

Large differences in the survival rate were observed between open water sandy cages installed in different

positions. Nevertheless, only within-bottom bioindication systems can reflect real conditions within a site.

Survival was very unpredictable in within-bed sandy cages. In some cases, these cages had a greater survival rate
than those in open water at the same locality. However, all juveniles died in within-bed sandy cages at the lowest
assessed locality. If the possibility of death due to infection is disregard, low oxygen concentration is the
probable cause. The importance of hyporheic water movements could be illustrated by the high survival rate in I-
Pod Jedlovym in 2014. The local temperature (11.2 °C) was markedly lower compared to other sites (Tab. 3),

probably due to an upwelling.

The total number of sandy cages was too low for definite conclusions across all the localities, but the more
numerous set of within-bed mesh cages of a single locality (II-Meandr) gives more significant results. In a
hyporheal space of each mesh cage location, oxygen saturation close to 100% was measured just before mesh
cage installation. Even so, all six individuals died in three cages (always in sand). A low survival rate (only three
surviving individuals) was only recorded where the average oxygen saturation decreased below 85%. In contrast,

mesh cages with zero mortality always exceeded this level, but most were at 95%.
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An evaluation of the direct influence of oxygen is difficult because oxygen measurement in juvenile
microhabitats is still rare (Englund et al., 2008), and the redox measurement established by Geist & Auerswald
(2007) is more common. A distinctly increased level of ammonium ions, as well as nitrate values under the
detection level, was measured in two microhabitats with oxygen under 65%. Both indicate a reducing
environment. Not only is oxygen deficiency a possible cause of mortality here, but possibly also the direct effect
of toxic ammonia. Chen et al. (2001) addressed this topic for mussel species that perform optimally in warm
water, but detailed data about ammonia concentrations in freshwater pearl mussel habitats is still missing.

Therefore, a thorough study on this topic is necessary.

Generally, only a few studies map oxic conditions in a series of microhabitats, although hyporheic oxygenation
correlates well with the occurrence of viable populations (Moorkens & Killeen, 2014). Geist & Auerswald
(2007) emphasized the importance of adequate permeability of the bottom for this species. Our results note the
crucial importance of oxygen in juvenile survival as well as the occurrence of sudden decreases in short-term
oxygen concentration within a microhabitat. These factors may be crucial for juvenile mortality, especially in the
Vltava River because its hyporheic zone is relatively oxygen-poor in comparison with some other freshwater

pearl mussel streams in the Czech Republic (Bily et al. 2008).

Suitability of conditions for juvenile development in the VItava River basin in Sumava NP

The monitored stretch of the river proved to be acceptable for freshwater pearl mussel development after the age
of 0+. This result is in accordance with procedures of population supplementation in the past in which not only

older individuals were deployed, but also artificially infected fishes (Simon et al., 2015).

Location within the river network affects the growth rate and survival of juveniles, but microhabitat conditions
within the river bed substrate is the probable key factor. The bioindication systems were placed primarily in sites
with expected favourable biotope conditions (Svanyga et al. 2013) within a current species distribution area
(Matasova et al., 2013) or on its periphery. Good hyporheic oxygen conditions together with favourable water
chemistry were the main guidelines for the choice of locality. Hence, many localities with unfavourable
conditions were initially eliminated (e.g. eutrophication, erosion, acidity rising from peat bogs, or very low
temperatures in the upper reaches of the basin). Moreover, suitable microhabitat sites for within-bed
bioindication systems were also chosen based on good oxygen conditions. Generally, microhabitats with an
unsuitable oxygen regime within the river bed prevailed in the entire basin (data not shown). Thus, very suitable

localities are apparently uncommon. In contrast, suitable conditions for individuals 1+ years of age were
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confirmed both in sandy and in gravel or stone substrates. In addition, two sites with a gravel substrate in I-Pod

Jedlovym were tested for conditions for 0+ individuals in sandy cages, with a positive result.

In the longitudinal profile, the growth potential increased downstream to the lowest locality (Ovesna) in the
warm year (2014). On the other hand, the growth detected in the sandy cages increased downstream to I1-Meandr
and thereafter decreased again to Ovesna. The total mortality rate in within-bed sandy cages exposed in the
lower locality I11-Pekna indicate even rarer occurrences of favourable bed conditions than in the upper stretches.
In summary, the middle stretch between the profiles of 1I-Meandr and Ill-Pekna can be considered the most
suitable part of the river for juvenile development. The most probable risk factors are more frequent in the
downstream stretch of the river. Because of the occurrence of a part of the population here, other studies of these

factors are necessary.

No suitable conditions were found in the tested tributaries. Two of these (T-Rasnice, T-Olsinka) are probably too
cold for juveniles to complete development; the cause of the unsuitability of T-Studena remains unresolved. The
Volarsky tributary showed a high growth rate in mesh cages, but all individuals died due to a sudden
eutrophication event and perhaps acute toxicity (ammonium) during the three-month experiment. Continual
pollution coming from this stream could also explain the slightly lower growth rate in Pekna compared to IlI-

Meandr because of the T-Volarsky estuary occurring between these two localities.

Conclusions

This study represents the first example of a detailed assessment of a freshwater mussel biotope with generally
favourable habitats that used a bioindication method and was hierarchized in both the longitudinal profile and the

detail of the bottom microhabitat scale.

Suitable conditions for juvenile development were confirmed at selected localities in the Vltava River; some
unsuitable localities were also determined. Bioindication is a good tool to distinguish localities with strongly
negative influences, such as temperature limitation or water toxicity; however, environmental conditions within

experimental devices always differ from natural conditions.

The results showed the influence of locality, the importance of microhabitat conditions, and the role of some
physical and chemical factors (especially temperature and oxygen saturation). Nevertheless, microhabitat

specificity and large variability call for caution in the generalization of results.
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Fig. 1 A map of the studied areas of the Vltava River catchment and neighbouring Blanice River catchment.

Studied localities are marked

Fig. 2 Experiment design

a) General experiment design in 2014. Only standard bioindication systems with individuals of age 1+ are
described. Mesh cages were exposed for 30 days (JUL-AUG), whereas sandy cages were exposed for
90 days (JUN, JUL, AUG). Water chemistry was measured monthly, whereas water temperature was
measured continually in all localities. For every within-bed mesh cage, water temperature,
conductivity and dissolved oxygen were measured five times, whereas NH4* and NOs” were measured
once. The bioindications were repeated on a smaller scale in 2015.

b) Experiment design with sandy cages that were installed in habitats with reduced flow velocity and
with sandy cages containing 0+ juveniles. The cages were exposed in the basic localities for 90 days

(JUN, JUL, AUG) in 2014.

Fig. 3 Fluctuation of ammonium ions and total phosphorus concentrations over two seasons. A polluted
tributary T-Volarsky and in two localities in the main stream (II-Meandr, 1ll-Pekna) located above and below this
tributary. The three-month exposure of the sandy cages are marked by light grey stripes. The monthly exposure

of mesh cages is marked by a dashed dark grey stripe
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Fig. 4 Distribution of AFDM, Ca, and TP concentrations in detritus within the four profiles of the longitudinal
profile (in grey), tributary T-Olsinka (in white) and Blanice River (striped). Average values and SD (n=3 for every

locality)

Fig. 5 The growth rate for 10 MAX (columns, left axis) and the surviving rate (black points, right axis) in sandy

cages. For numbers of bioindication units see Tab. 3

a) Evaluation of the longitudinal profile of the main course using open water sandy cages in 2014 (JUN-AUG) in

light grey columns and 2015 (MAY-JUL) in grey columns

b) Evaluation of two tributaries by open water sandy cages and of three localities in the longitudinal profile by

within-bed sandy cages (hyporheal) in 2014 (JUN —AUG)

Fig. 6 Surviving rate differences among open water sandy cages in relation to a position against a thalweg at
the three basic localities. Data from 2014 and 2015 are together. Sandy cages were placed: in the base flow (n
= 36), behind a bigger stone (n = 11) and in narrow spaces between stones (n = 6). Minimal number of

individuals at the start of the experiment = 100, exposure time = 3 months, age of individuals = 1+

Fig. 7 An evaluation of the main river and tributaries using open water mesh cages in 2014 and 2015, exposure

30 days. (July-August 2014, June-July 2015)

a) Surviving rate per mesh cage (black squares) and growth rate for 3 MAX (columns) — average and SD. The
longitudinal profile in grey, tributaries in white, and Blanice River is striped. Lowercase letters mark a similarity

between groups counted by Kruskal-Nemenyi test (Tab. 6). For numbers of bioindication units see Tab. 5

b) The inserted plot: a relationship between average temperature and growth rate for 3 MAX in localities (the

colder year 2014 in diamonds, the warmer year 2015 in circles)

Fig. 8 Surviving rate (per a cage), growth rate (3 MAX) and minimal values of oxygen saturation in within-bed
mesh cages placed in different microhabitats of II-Meandr; n = 18-21 individuals per each type of microhabitat.
Lowercase letters mark a similarity between groups counted by Kruskal-Nemenyi test (surviving rate), Kruskal-

Nemenyi test (growth rate), and Kruskal-Nemenyi test (oxygen)
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Fig. 9 A relationship between survival rate and growth rate for three microhabitat categories based on oxygen
regime (n = 28 mesh cages, each with six individuals, SD); 24, 42 and 102 individuals in the categories under
65%, 65-95%, and over 95% oxygen saturation respectively (mean values) Lowercase letters mark a similarity

between groups counted by Kruskal-Nemenyi test

Fig. 10 Relationship between growth rate and surviving rate in sandy cages in II-Meandr in 2014; the 10
individuals that grew the most (10 MAX) for every sandy cage were included. N =10 sandy cages. Empty marks:
sandy cages with an input value of 100 or 500 individuals; black marks: sandy cages with an input value of 1000
or 2000 individuals. The ring marks sandy cages with both high survival rate (over 40%) and high growth rate

(over 100%)
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Table1
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Tab 1: Water chemistry across ten studied localities during 2014 season. In nine localities, eleven samples were taken in monthly periods. In T-Olsinka locality, only one

sample was taken on 27. 3. 2014.

Pod Lenorou
I-Pod Jedlovym
II-Meandr
I11-Pekna
Ovesna
T-Rasnice
T-Olsinka *
T-Volarsky
T-Studena

Blanice

*27.3.2014

pH cond (pS.cm™) NOs (mg.I') NHz* (mg.l?Y) TP (mg.I?) Ca(mg.I") A 254 US 105 (mg.I-1)
min max aver.| min max aver.| min max aver.| min max aver. | min max aver. | min max aver.| min max aver.| min max aver.
59 74 6.7 43 56 51 |17 28 2.3 |0.014 0.116 0.035|0.015 0.073 0.034 | 3.5 84 52 |030 0.13 062 |04 9.2 27
6.3 76 6.9 53 72 60 | 15 27 2.0 |0.002 0.035 0.017 |0.016 0.080 0.037 | 3.6 7.6 52 |0.15 048 032| 08 140 3.4
6.1 76 6.7 54 67 60 | 14 28 2.1 |0.003 0.051 0.022 |0.018 0.095 0.040 | 41 6.5 5.2 |0.15 049 031| 04 180 3.8
6.0 74 6.7 50 66 57 | 1.8 28 2.2 |0.003 0.109 0.027 |[0.020 0.094 0.046 | 3.4 56 4.7 |0.18 06 040| 0.8 180 4.7
6.2 74 6.8 50 62 57 |14 26 2.0 |0.005 0.069 0.022 |0.021 0.114 0.049 | 34 56 45 (019 07 040| 08 110 4.8
60 76 68| 63 8 74 |17 27 22 |0004 0457 0.059|0.,021 0132 0.044 | 39 69 5.5 |0.15 054 031| 04 170 3.4
- - 56 - - 49 - - 23 - - 0.018 - - 0.008 | - - 39 - - 084 - - 1.2
60 73 68 | 123 164 136 | 23 7.0 5.5 |0.029 1.216 0.235|0.023 0.513 0.062 | 5.5 14.2 11.0 |0.18 0.56 040 | 1.2 71.0 15.3
54 76 6.7 32 49 39 (16 25 2.0 |0.005 0.057 0.019|0.021 0.078 0.043 | 1.8 39 2.7 |0.15 0.71 0.34 | 04 11.0 2.5
6.3 76 6.9 53 72 60 |15 27 2.1 |0.002 0.035 0.017 |0.016 0.080 0.037 | 3.6 7.6 52 |0.15 048 032| 08 140 3.3

*
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Tab. 2: Water chemistry in the localities during the bioindications in 2014 and 2015. The values were measured in month intervals.

25.06.2014
30.07.2014
25.08.2014
20.05.2015
23.06.2015
08.07.2015

25.06.2014
30.07.2014
25.08.2014
20.05.2015
23.06.2015
08.07.2015

25.06.2014
30.07.2014
25.08.2014
20.05.2015
23.06.2015
08.07.2015

25.06.2014
30.07.2014
25.08.2014
20.05.2015
23.06.2015
08.07.2015

g g
g - > © E - > ©
o B B g e f E o8 8| o B P g o § F & s
ol B . o g © o 2 = ST o o a | © 2 €
g & 2 Z & & F A g 8 £ 3 £ & 5 7 7 s
pH cond (uS.cm-1)
63|71| 64 |64 |65|65|65] 66| 71 55 | 62 | 63 | 66 62 | 8 | 164 | 43 | 64
6.4 | 66| 6.2 | 6.0 | 62|64 |62 |58]| 6 51 | 57 | 54 | 52 50 | 69 [ 129 | 33 | 44
74 | 76 | 7.2 74 |73 |76 | 72 |73 - 52 | 72 | 64 61 62 84 | 153 | 41 -
- 171171 |65 - - 7.3 - | 6.2 - 58 | 57 | 54 - - | 101 - 41
- |70 7.0 |70 - - 6.9 - 173 - 55 | 54 | 50 - - | 139 - 48
- 171174 |72 - - 7.3 7.2 - 59 | 59 | 56 - - | 152 - 65
NO3- (mg.l-1) NH4+ (mg.l-1)
21|18 17 |18 | 141221641119 16 0.03|0.02{0.04|0.11 | 0.05 |0.02|0.51| 0.04 [0.04
24 121122 12411912147 |19 2.0 0.0210.01/0.02|0.05| 0.01 |0.02|1.22| 0.01 |{0.03
271181 16 119116117161 |16 05 0.12|10.02|/0.01| 0.00 | 0.01 |0.00|0.03| 0.02 {0.01
- 16 | 1.6 1.7 - - 2.9 - 0.7 - 10.02(0.03| 0.04 - - 10.18 - 10.04
- 1.7 | 16 | 1.7 - - 6.3 - | 06 - 10.01(0.01|0.01 - - |0.06 - |0.04
- 1.7 | 1.8 | 1.7 - - 5.5 -1 1.4 - 10.00(0.00]| 0.01 - -10.06 - 10.05
Ca (mg.l-1) TP (mg.l-1)
6.0 | 58| 6.2 | 54|49|69|14.2|3.0|6.88| |0.04]/0.03|0.03|0.05| 0.05 |0.04|0.20| 0.04 |0.08
611 58| 53 |42 |38| 48110524 13.20 0.05|0.04|0.05| 0.05| 0.07 {0.13]0.51| 0.05 |0.33
50| 49| 49 | 44 | 46| 6.0 |13.4(2.2|5.12| |0.04|0.04|0.04| 0.06 | 0.04 |0.03|0.10| 0.04 |0.05
- 41| 45 | 241 - - | 94 2.85 - 10.05|0.07| 0.08 - - 10.26 - |0.16
- 1 41| 45 | 25 - - 111.8 2.85 - 10.04|0.04| 0.04 - - 10.13 - ]0.05
- 49| 49 | 241 - -1 13.9 5.71 - 10.03/0.03| 0.04 - - |0.10 - |0.04
undissolved substances 105 °C (mg.I-1) Absorbance 254
34 |112| 20 | 24|48 |20 |23.0|2.0|13.0| |0.53]0.42|0.28|0.29 | 0.63 |0.15|0.48| 0.15 |0.18
6.0 | 48| 24 | 7.2 |11.0(17.0|71.0|3.2 |440| |0.29]0.46|0.49| 0.61 | 0.66 |0.52|0.49| 0.71 | 1.66
12 {08 | 20 | 64 | 08|16 | 3.6 |08 2.0 0.16 ({0.19|0.20 | 0.24 | 0.26 {0.21|0.23 | 0.26 | 0.43
- 192 |13.0 150 - - |52.0| - [35.0 - 10.38(0.43|0.41 - - 10.59 - 10.75
- 124 48 | 3.6 - - | 84 - | 3.6 - 10.33/0.34| 0.38 - - 10.25 - ]0.55
- | 36| 28 | 3.6 - - 7.2 -] 1.6 - 10.22|0.22| 0.28 - - 10.23 - 10.33

*
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Table3

Tab. 3: Growth rate and surviving rate in the open water sandy cages and the within-bed sandy cages with
minimum 100 individuals in 2014 (VI-VIII) and 2015 (V-VII). 10 the most growing individuals (10 MAX) in every
cage were included. Open water sandy cages in the longitudinal profile of VItava River in bold. Within-bed
sandy cages in italic. Sandy cages in tributaries in standard. Average temperature during the exposure in the
last column. N= number of sandy cages.

Click here to download Table Tab3F.docx

N  averagegrowth  SD surviving  SD average
rate 1 % rate(%) temperature
during
localities in downstream order exposure
T-Rasnice 2 73 4.8 90 2.8 135
Pod Lenorou 2 51 4.4 17 14 13.9
I-Pod Jedlovym 4 110 9.5 26 16.7 14.4
I- Pod Jedlovym hyporheal 2 63 7.3 49 10.6 11.2
< Il - Meandr 4 153 214 26 8.2 15.0
N Il- Meandr hyporheal 2 68 10.8 25 9.2 15.1
T-Volarsky 2 0 0.0 14.0
lll- Pekna 4 113 8.4 29 13.5 15.0
Il -Pekna hyporheal 2 0 0.0 -
Ovesna 2 46 26.9 8 10.6 15.5
I- Pod Jedlovym 3 85.5 16.5 72 21.4 13.9
g II-Menadr 6 122.7 16.9 48 13.6 14.4
llI-Pekna 7 85.0 12.7 48 16.2 14.3

*
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Tab. 4: Comparison of mean growth rate and mean survival rate for 10 MAX in within-bed sandy cages (within-

bed) and open water sandy cages (open water) in three main profiles in 2014. Two age cohorts (0+, 1+) are

compared. Exposition = three months, n = at least 100 individuals per sandy cage, number of mesh cages (N) in

the last column.

survival  s.r. growth g.r.
rate SD rate SD N

open water 1+  |-Pod Jedlovym 26 16,7 111 9,5 4
open water 1+  II-Meandr 24 8,2 153 21,4 4
open water 1+  lll-Pekna 29 13,5 114 8,4 4
open water 1+ mean 26 12,8 126
open water 0+ |-Pod Jedlovym 53 2,6 173 26,2
open water 0+  II-Meandr 59 9,1 110 16,6
open water 0+  |ll-Pekna 43 13,7 190 22,3
open water 0+ mean 51 8,5 158
within-bed 1+  |-Pod Jedlovym 49 10,6 64 7,3
within-bed 1+  lI-Meandr 25 9,2 68 10,8
within-bed 1+  lll-Pekna 0 0,0 -
within-bed 1+ mean 25 4,0 66
within-bed 0+ I-Pod Jedlovym 37 7,1 119 15,9
within-bed 0+  II-Meandr 7 8,4 37 42,3
within-bed 0+  lll-Pekna 0,0 -
within-bed 0+ mean 15 5,2 78

*
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Table5

Tab. 5 Temperature, growth rate and survival rate in the open water mesh cages exposed for 30 days in 2014
(July-August) and 2015 (June-July). The longitudinal profile of Vitava River in bold. Tributaries and Blanice

Click here to download Table tab5F.docx

River in standard. N: mesh cages number per a locality.

*

temperature average growth rate per a mesh cage (%)

£

2

o

E
Localities 2014 H c x D1 D2 D3 D4 D5 D6 mean SD S SD

Q - 1] j=
E £ £ 2

T-Rasnice 12.8 9.4 17.9 0.7 4.7 3.8 1.1 0.0 0.0 1.7 2.0 92 9.1
I-Pod Jedlovym 134 10.2 185 |6.3 4.0 6.5 5.8 3.8 7.0 5.6 1.4 89 8.6
II- Meandr 13.8 10.5 19.1 121 11.5 7.1 11.0 8.9 17.1 11.3 3.4 97 6.8
Volarsky 13.2 9.3 18.3 14.4 6.4 6.9 8.0 11.1 14.9 10.3 3.8 83 14.9
Studena 12.6 9.2 17.0 1.1 0.0 0.1 0.7 0.5 0.8 0.5 0.4 72 31.0
Il- Pekna 13.8 - - 7.2 6.0 12.4 X X X 8.5 3.4 89 9.6
Ovesna 14.0 11.1 18.6 7.5 11.9 11.0 9.2 10.7 6.3 9.4 2.2 89 13.6
Blanice 12.7 8.9 17.0 0.9 0.3 0.1 1.0 0.7 0.5 0.6 0.4 86 12.5
Localities 2015
Olsinka 13.8 7.5 23.6 9.1 3.3 3.4 4.5 5.1 2.7 100 0.0
I1-Pod Jedlovym 17.5 10.4 23.7 29.8 29.1 25.1 26.3 27.6 23 96 8.3
ll-Meandr 183 120 243 |269 29.6 293 347 30.1 33 92 9.6
llI-Pekna 18.3 11.0 24.5 XX XX 38.5 30.6 345 5.5 92 11.8
Ovesna 18.7 11.6 24.6 46.5 x 40.2 38.6 41.8 4.2 83 16.7
Blanice 17.7 10.0 25.5 13.6 19.3 23.6 20.7 19.3 4.2 92 16.7

x lost mesh cage

xx damaged mesh cage
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Table6 Click here to download Table tab6F.docx 2

Tab. 6: Results of statistical analysis of growth rate differences among four localities evaluated by open water mesh cages in the

longitudinal profile of Vitava River in two seasons. a: 2014, Kruskal-Nemeny test, b: 2015, Kruskal-Nemenyi test.

Significant
results in bold.

a I- Pod Jed. |IlI-Meandr | Ovesna
II-Meandr <0.001

Ovesna <0.001 0.66

Ill-Pekna 0.07 0.33 0.88
b I- Pod Jed. |II-Meandr | Ovesna
II-Meandr 0.76

Ovesna <0.001 <0.05

IlI-Pekna 0.051 0.29 0.54
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Table7
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Tab. 7: Results of statistical analysis of survival rate, minimal values of oxygen saturation and growth rate for
3MAX among different microhabitats of the locality II-Meandr evaluated by mesh cages. A: survival rate,
Kruskal-Nemenyi test, B: growth rate of 3MAX, Kruskal-Nemenyi test, C: minimal values of oxygen saturation,

Kruskal-Nemenyi test. Significant results in bold.

A

sand
gravel_3cm
gravel_13cm

open water

B
sand

gravel_3cm
gravel_13cm

open water

C

sand
gravel_3cm
gravel_13cm

free water

stony
bottom sand gravel_3cm | gravel_13cm
0.07
0.87 0.49
0.98 0.27 0.99
0.97 0.02 0.51 0.74
stony
bottom sand gravel_3cm | gravel_13cm
<0.001
<0.001 0.99
<0.05 0.71 0.84
0.57 <0.001 <0.001 <0.001
stony
bottom sand gravel_3cm | gravel_13cm
<0.05
0.51 0.44
0.61 0.34 0.99
0.52 <0.001 <0.05 <0.05
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Abstract
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The effect that river bottom habitat and physico-chemical parameters of the environment
has upon juvenile pearl mussels (Margaritifera margaritifera) in a catchment of the Vltava
River (Czech Republic) were tested using in situ bioindication methods; growth and survival
rates of one and two years old juveniles were measured. Three spatial scales were studied: a
longitudinal river profile, bottom habitat types, and hyporheic microhabitats. Two
bioindication methods yielded different results. Mesh cages with an individual holding of the
juveniles in free-floating water conditions identified the best growth and a good survival rate
in a lower reaches of the experimental river stretch. However, this method does not reflect
the influence of bottom oxygenation. The evaluation in sandy cages demonstrated a better
rate of growth in the middle reaches yet a higher rate of mortality in the lower reaches. The
microhabitat study in a shallow hyporheal location yeilded a significant decrease of both
growth and survival, when oxygenation decreased below 65%. An episodic pollution by
NH4+ above 1,2 mg/l caused an absolute mortality in the sandy cages. In contrary to an
input hypothesis, neither growth nor survival showed any clear correlation with organic

matter, TP and Ca in detritus occurring in the localities.
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